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PREPARATION OF "SPUN CANDY" ALUMINUM ION
'23('į-MNO2 NANOPARTICLES AND CATALYTIC
DEGRADATION OF GAS PHASE CHLOROBENZENE
Luo Hanyu, Meng Yuan, Chen Yuanting, Abdul Basit Qazi, Zhang Tingting*
College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, P. R. China

forms of MnO2 possess unique pore structure as
shown in Figure 1, their different physicochemical
and catalytic properties affects their practical application system[5-7].

ABSTRACT
Catalytic combustion is one of the most effective methods for the treatment of aromatic chlorinated volatile organic compounds. But the catalyst is
susceptible to poisoning and its high replacement
cost limits the widespread use. In this study, a
cheaper catalyst, į-MnO2, was prepared as a matrix
by a mild and simple hydrothermal method. The
matrix was modified by doping aluminum ions
(Al3+) with different loading ratio. Physicochemical
SURSHUWLHVFDWDO\WLFSURSHUWLHVDQGVHUYLFHOLIHRIįMnO2 before and after doping modification were
compared by XRD, SEM, TEM, BET, XPS, H2TPR and catalytic performance experiments. The
results of the catalytic efficiency of chlorobenzene
under the same reaction condition are: AlMn2 >
$O0Q ! $O0Q  $O0Q ! į-MnO2. Combined
with the characterization results, the modified catalysts are different among the crystal morphology,
the structure of groove and redox properties. A
bigger formatted surface area (539.82 m2·g-1) and
pore-richer "cotton candy" nano flower ball is developed which improved redox property as well as
Mn-O activity, resulted in the improved performance of catalytic degradation to chlorobenzene
after using the modified catalysts.

FIGURE 1
Crystal structure of MnO2
&RPSDUHG ZLWK Į-MnO2 ȕ-MnO2 DQG ȖMnO2WKHį-MnO2 with a special layered structure
has a larger specific surface area, higher charge
storage and exchange capacity and thermal stability, and has been studied in many aspects. Yang[8]
fRXQG WKDW į-MnO2 exhibited superior catalytic
activity in low temperature catalytic combustion
treatment of persistent organic pollutants, CVOCs.
Liang[9] IRXQG WKDW į-MnO2 was rich in lattice
oxygen, and it had stronger CO oxidation ability
and higher CO2 selectivity than other crystal forms,
LQGLFDWLQJWKDWį-MnO2 was suitable for deep oxidation. Chlorinated volatile organic compounds are a
class of volatile organic compounds that are difficult to degrade and highly toxic, and have higher
requirements for the ability of the catalyst to resist
FKORULQH SRLVRQLQJ <DQJ>@ IRXQG WKDW į-MnO2
exhibited high activity in hexachlorobenzene at low
temperature catalytic combustion, mainly due to its
large specific surface area and abundant active
sites. However, at this stage, there are still few
VWXGLHV RQ WKH FDWDO\WLF FRPEXVWLRQ RI į-MnO2 in
the treatment of chlorine-containing VOCs. Therefore, it is necessary to further investigate the cataO\WLF DFWLYLW\ DQG PHFKDQLVP RI į-MnO2 catalytic
combustion for chlorine-containing VOCs. Separate
MnOx was extremely susceptible to poisoning when
dealing with highly toxic chlorine-containing
VOCs, the produced MnxClyOz, seriously affected
its catalytic activity and service life[11-12]. Meng
et al[13] obtained surface chemisoUSWLRQ RI įMnO2. The oxygen was low, and the conversion

KEYWORS:
Modified, Aluminum ion, į-MnO2, catalytic combustion,
chlorobenzene

INTRODUCTION
MnO2 has attracted the interest of many researchers due to its unique physicochemical properties. It is widely used in batteries[1] and supercapacitors[2-3]. As a transition metal oxide, it most
likely can replace precious metal catalysts[4],
MnO2 has a very broad application prospect in the
field of catalytic oxidation treatment of VOCs.
MnO2 can form very rich crystal structures according to the different crystal planes of internal manganese octahedron [MnO6], VXFK DV Į-MnO2 ȕMnO2 Ȗ-MnO2 DQG į-MnO2, etc. Different crystal

11068

© by PSP

Volume 29 – No. 12A/2020 pages 11068-11076

ability of Mn4+, Mn3+ and Mn2+ was weak, which
affected its redox ability. At present, it is one of the
most effective MnO2 modification methods by
doping metal ions into MnO2 manganese octahedron [MnO6] and interlayer structure to improve its
unique physicochemical properties and avoiding the
defects of easy poisoning[14-15]. Commonly used
į-MnO2 modification methods include pillaring
[16-17],ion exchange[18] and electrodeposition
[19], etc., but these modification methods have
complex preparation processes, long timeconsuming and difficult to control, etc. The hydrothermal modification is relatively mild in reaction,
inexpensive in operation, and good in crystallinity.
Currently, more MnO2 modification methods are
employed. Al(III) is similar to Mn(III) and Mn(IV),
and its ionic radius is relatively close.
Al(III)=0.53Å, Mn(III)=0.62Å and Mn(IV)=0.53Å
are easy to enter. Manganese oxygen octahedron
[MnO6@ RI į-MnO2 and interlayer structure to
DFKLHYHWKH PRGLILFDWLRQHIIHFWRQį-MnO2[20-21].
In this paper, the effect of metal ion doping amount
on the catalytic oxidation removal ability of chlorobenzene was investigated by using metal ion Al3+
GRSHGį-MnO2. The doping of Al3+ was investigated from the aspects of crystal morphology and
redox ability by various characterization methods,
and explore the reasons to improve the catalytic
ability of Al3+ GRSHGį-MnO2 catalyst.

Fresenius Environmental Bulletin

Catalyst performance test.Chlorobenzene
was selected as the target polluting gas for chlorinecontaining volatile organic compounds. The catalyst addition amount was 0.2 g, the space velocity
was 15000 h-1, and in the simulated oxygen-rich
environment, O2=20% (air-like system), in the
oxygen-poor environment, O2 =6 % (simulating the
actual flue gas system), the catalytic combustion
reaction temperature gradient range was 210~330
°C, and the gas was automatically injected into the
gas chromatograph through the six-way valve for
testing. Model GC2010plus: SHIMADZU, Japan,
column: RTX- 5, Agilent, USA production, inlet
temperature: 200 °C; heating program: 90 °C for 1
min, 10 °C / min to 120 °C, and 3 min, detector
temperature: 200 °C, flame ion Detector FID. The
FKORUREHQ]HQHUHPRYDOUDWHZDVFDOFXODWHGXVLQJȘ
Ș  -Ct / C0) ×100%
Wherein C0 is the initial concentration of chlorobenzene, ppm; Ct is the outlet concentration of
chlorobenzene, ppm when the catalytic reaction
temperature is t.

RESULTS AND DISCUSSION
Catalytic performance of the catalyst.The
doping amount of metal ions has a great influence
on the modifiFDWLRQ HIIHFW RI į-MnO2[22], and the
optimum doping amount needs to be explored. By
studying the influence of initial concentration of
chlorobenzene on the simulated target gas on the
performance of the catalyst, the optimum treatment
gas concentration of the catalyst can be determined,
which provides a basis for the gas pretreatment
process of the actual flue gas treatment. Figure 2
depicts a catalytic combustion performance curve
of the Al3+ ion doping modified catalyst at different
calcination temperatures. To investigate the effect
of initial concentration of chlorobenzene on the
SHUIRUPDQFHRIį-MnO2 before and after modification, according to the optimum metal ion doping
ratio Al/Mn=1/2. The performance of the catalyst
AlMn2 prepared was compared with that of the
FDWDO\VWį-MnO2, and results are presented in Figure
3. As shown in Figure 2, the calcination temperature increased from 210 °C to 330 °C, and the catalytic performance of the aluminum ion doped layered manganese catalyst increased with increasing
temperature. However, after doping with different
metal ions, the catalyst was catalyzed. The effect
was obviously different, and the activity size was
$O0Q!$O0Q!$O0Q!$O0Q!į-MnO2. Compared with the pre-modification phase, the catalytic
effect after modification was greatly improved: the
metal oxide-GRSHG PDQJDQHVH R[LGH FDWDO\VW įMnO2 had a catalytic efficiency of 69% at 210 ° C
and the catalytic efficiency up to about 90% at 330
° C. The catalytic efficiency was already high, but
after the doping of metal ions Al3+, the catalytic

MATERIALS AND METHODS
Anhydrous ethanol, potassium permanganate
and aluminum nitrate nonahydrate were purchased
from Beijing Chemical Plant(Beijing, China). Citric
acid was purchased from Sigma-Aldrich. They are
XVHG WR V\QWKHVLV RI OD\HUHG PDQJDQHVH į-MnO2)
and metal Al3+ doped layered manganese.
6\QWKHVLV RI į-MnO2 and metal Al3+ doped
layered manganese.In this paper, layered mangaQHVH į-MnO2) and metal Al3+ doped layered manganese were prepared by hydrothermal method.
According to the molar ratio of aluminum ion to
manganese ion 1:1, 1:2, 1:4 and 1:8, a certain
amount of aluminum nitrate was weighed into a
certain amount of 0.01 mol Lí potassium permanganate. After mixing well, 2 mL of 0.01 mol Lí
citric acid solution was added, mixed well, and then
poured into a polytetrafluoroethylene hydrothermal
reaction kettle, and the temperature was controlled
at 160 ° C for 12 h. The product obtained in the
kettle was washed 3 times both with deionized
water and absolute ethanol respectively, then dried
at 80 ° C for 12 hours to obtain catalysts AlMn1,
AlMn2, AlMn4, and AlMn8, respectively. The
SUHSDUDWLRQ PHWKRG RI į-MnO2 is the same as
above, and it is not necessary to add a metal ion.
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modified by Al3+ ions showed more excellent catalytic activity. Although the catalytic efficiency of
the catalyst AlMn2 was rapidly reduced to about
70% at 210 ° C, the catalytic efficiency was again
rapidly increased to over 95% at 240 ° C, indicating
that the initial concentration of the target pollutantAl3+ ion doping the hetero-modified catalyst
AlMn2 exhibits more excellent universality.

activity at 210 °C was further increased to more
than 80%, and the low-temperature catalytic efficiency of the catalysts AlMn2 and AlMn4 was even
increased to 95%, 330 °C. The catalytic efficiency
of the modified catalyst reached nearly 100%, indicating that the addition of Al3+ metal ions enhanced
the low-temperature catalytic activity of the catalyst
į-MnO2, and when mixed at a suitable doping ratio
of Al3+ ion only at 280°C. The hetero-modified
catalyst can achieve a 100% removal rate.

4(a)
FIGURE 2
Effect of Al3+ doping ratio on catalytic performance of catalysts Operating conditions:
100 ppm CB; 20 vol.% O2; N2 balance;
GHSV=15000 h-1

4(b)
FIGURE 4
&RPSDULVRQRIOLIHFXUYHRIFDWDO\VWį-MnO2 &
䠖㻞㻣㻜 Ԩ䚸㻻 2=6%)
AlMn2(reaction temperature䠖
Figure 2 and Figure 3 discuss the effect of
metal ion doping ratio and target contaminant concentration on the catalyst, but the reaction system is
an oxygen-rich environment, and the actual flue gas
system is mostly oxygen-poor conditions, in order
to explore the Al3+ ion doping. The effect of catalyst before and after the treatment in the actual flue
gas treatment system is shown in Figure 4. Catalytic combustion temperature is 270 °C, oxygen-poor
conditions. As shown in Figure 4 the catalytic acWLYLW\ RI WKH FDWDO\VW į-MnO2 was significantly reduced after being used for less than 100 min, which
was only about 60%, and the relative catalysis of
AlMn2,the performance was excellent, and the
service life was obviously increased. After
1000min, the catalyst AlMn2 still maintained more
than 90% of the catalytic activity, indicating that
WKH į-MnO2 was enhanced by metal ions, the antipoisoning ability, catalytic activity and service life

FIGURE 3
The effect of initial chlorobenzene concentraWLRQRQFDWDO\WLFSHUIRUPDQFHRIFDWDO\VWįMnO2 & AlMn2, Operating conditions: 100
ppm CB; 6 vol.% O2; N2 balance;
GHSV=15000 h-1
$IWHUį-MnO2 modification, the initial chlorobenzene concentration had a weaker effect on the
catalytic performance of the catalyst. The performance curve is shown in Figure 3. Even at lower
concentration of chlorobenzene the activities of the
FDWDO\VWVį-MnO2 and AlMn2 were high. It showed
that the catalysts before and after modification were
more suitable for treating low-concentration target
pollutants. When the initial concentration of target
pollutants was increased to 160ppm, the catalysts
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was upgraded. Compared with current catalysts of
the same type, the catalyst AlMn2 obtained in this
paper exhibited better catalytic performance and
anti-poisoning ability under the similar reaction
conditions [23-25]. In order to explore the catalytic
and anti-chlorination ability of the catalyst obtained
by doping modification of Al3+ ions, and to prolong
the service life, a series of characterizations of the
FDWDO\VWVį-MnO2 and AlMn2 were carried out.
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the framework structure in large quantities, and the
OD\HUHGį-MnO2 manganese oxide layer was delaminated, which may be due to the different size of the
doped ions and the manganese ions .to enter in
different doping sites[28], Al(III)=Mn(IV)=0.53Å,
easily replaced Mn(IV), HQWHUVį-MnO2 manganese
octahedron [MnO6] and interlayer. The structure,
crystal form of the catalyst and its internal structure
was changed before and after modification It can be
speculated from the microscopic point of view that
the introduction of Al3+, completely modified the
physicochemical properties[29].

Characterization of the catalyst. Figure 5
VKRZV DQ ;5' SDWWHUQ RI WKH į-MnO2 and AlMn2
catalysts. Pure potassium permanganate solution
(citric acid as a subsiding agent) was used for hyGURWKHUPDO PHWKRG WR PDNH D į FU\VWDO IRUP RI įMnO2 7KH FDWDO\VW į-MnO2 obtained by hydrothermal method has high crystallinity.The relative
intensities of the four crystal planes of (001), (002),
(111) and (005) decreased in turn, (001) The 2
times diffraction angle of the strongest characterisWLF SHDN RI WKH FU\VWDO SODQH ZDV ș  8VLQJ
WKH %UDJJ IRUPXOD GVLQ ș QȜ WKH į-MnO2 layer
spacing d001=7.37Å was obtained, which was
validating the literature data[26-27]. Moreover,
contaminant molecules such as benzene (molecular
size 0.58 nm), chlorobenzene (0.58-0.62 nm), and
hexachlorobenzene (molecular size 0.62 nm) comSOHWHO\ HQWHUHG WKH į-MnO2 layer, adsorbed by the
active site and further degradation, relative to other
FU\VWDO IRUPV RI Į-MnO2 QP  ȕ-MnO2
QP  WXQQHO SRUH VL]H į-MnO2 has greater
capacity for contaminant molecules, and can act as
an adsorbent while acting as a catalyst.

6(a)

6(b)
FIGURE 6
BET of the catalysis䠖䠖䃓-MnO2 & AlMn2
(a)N2
Isothermal
adsorption
desorption
curve䠗 (b)Pore size distribution of the catalysis

FIGURE 5
Wide-DQJOH;5'SDWWHUQVRIFDWDO\VLVį-MnO 2
& AlMn2

7KHVSHFLILFVXUIDFHDUHDRIį-MnO2 was relatively larger than metal oxides, above 100 m2•g-1,
and due to its special layered structure. The internal
pore structure was more abundant. The specific
surface area of most metal oxide catalysts was
about tens of several. In order to investigate the
microstructure of the modified catalyst AlMn2, the
catalyst was characterized by BET, as shown in
Figure 6, 6(a) is the N2 isotherm adsorption of the

For the catalyst AlMn2, the XRD pattern reflected that when the Al3+ ion was added to the
hydrothermal reaction solution, the crystal plane
FKDUDFWHULVWLFSHDNRIį-MnO2 was not detected, the
catalytic material of Al3+ LRQGRSHGį-MnO2 and the
excess Cu2+ in the literature. The crystal form of the
material formed by doping MnO2 was basically
same, because the metal ions Al3+ and Cu2+ enter
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FDWDO\VW į-MnO2, AlMn2- Desorption curve, the
slope of the hysteresis loop of the catalyst Q:
QAlMn2>Qį-MnO2 is obvious from the graph. The pore
volume and the catalytic combustion degrading
VOCs are in linear relation with the slope of hysteresis loop[30]. Thus, the more gas can be stored. It
can adsorb the O2 while adsorbing the target pollutants stored as Oads. The conversion of more Oads to
the oxidative active sites[28] improved the catalytic
efficiency and made the catalyst more suitable for
the oxygen-poor environment of the flue gas.
Therefore, in theory, the larger the hysteresis loop
is, the more excellent the catalyst catalytic effect is.
Figure 6(b) shows the pore size distribution map.
The graph shows that the pore size of the catalyst
AlMn2 was mainly distributed at 3~7nm.The pore
VL]HRIWKHFDWDO\VWį-MnO2 was mainly distributed
at 3~15nm, The pore structure of the catalyst was
denser. The more active sites of the catalyst, the
better the catalytic activity.
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A1

TABLE 1
Surface area and pore texture data of catalysts
Sample SBET/(m2·g-1) Va/(mL·g-1) Db/(nm)
3~15
į-MnO2 100.98
0.25
AlMn2
a total

539.82

0.75

3~7

pore volume䠗 b pore diameter

A2

Table 1 lists the specific surface area and pore
structure of the catalyst. It can be seen that the
specific surface area of the catalyst AlMn2 is
539.82 m2•g-1ZKLFKLVWLPHVWKDWRIį-MnO2,
DQGį-MnO2 is the ratio of manganese dioxide crystal form. The largest surface area is very suitable as
the matrix[31], and the modified AlMn2, the specific surface area is further increased, similar to the
specific surface area richness of activated carbon,
may also provide more surface active oxygen,
which helps to improve the catalytic activity.
Figure 7 and Figure 8 show the XPS comparison of Mn 2p, O 1s and Al 2p before and after cataO\WLFGHJUDGDWLRQRIFKORUREHQ]HQHE\į-MnO2 and
$O0Q 7KH į-MnO2 and AlMn2 catalysts were
used to degrade chlorobenzene before and after
catalysis. The peak areas of the active components
are listed in Tables 2 and 3.
As shown in Figure 7, the XPS comparison
spectra of the active species before and after the use
of the catalysts obtained by doping each layer of
metal Al3+ is described. From the catalytic performance test of chlorobenzene, the catalytic efficiency of chlorobenzene under the same reaction condiWLRQV LV Ș $O0Q  ! Ș į-MnO2), combined with
Table 3 the Mn3+ peak area increases after catalyst
catalytic degradation of chlorobenzene, indicating
that Mn4+ is converted to Mn3+ during catalytic
degradation of chlorobenzene, and the two catalysts
contain oxygen-ULFK VSHFLHV LQFOXGLQJ IUHVK įMnO2 containing 17.8% Osur, 64.2% Oads, 17.9%

B1

B2
FIGURE 7
Contrast XPS spectra of active components for
IUHVK DJHGFDWDO\VLVį-MnO 2 & AlMn2
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Olatt, fresh AlMn2 containing 45.8% Osur, 37.1%
Oads, 17.1% Olatt, the literature indicates that Osur
The oxidizing ability is the best[32]. Therefore, the
most efficient catalyzed degradation of chlorobenzene by catalyst AlMn2 may be due to its rich Osur.
After the catalyst was used, the Osur and Olatt conWHQWRIį-MnO2 increased, and Oads decreased, indicating that Oads played a major role. The role of the
site; the use of AlMn2 after Oads, Olatt content increased, Osur decreased, indicating that Osur plays a
major active site role. Meanwhile, Figure 7 shows
WKDWDIWHUWKHOD\HUHGPDQJDQHVHį-MnO2 was used,
the characteristic peak bond energy of Mn4+ increased by 1.14 eV, the characteristic peak bond
energy of Osur by 0.27 eV, and the characteristic
peak bond of Oads by 0.39 eV. Increasing of peak
bond makes Mn4+ difficult to convert to Mn3+, and
the active oxygen oxidation ability is weakened.
This may also be due to catalyst poisoning, which
causes MnxClyOz to reduce the catalytic activity.
After doping metal, the bond enerJ\ FKDQJH RI įMnO2 was effectively suppressed. This may be the
reason why the formation of MnxClyOz was inhibited after metal doping modification, which increased the catalytic activity of the catalyst[33].
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structure, and the size of microspheres does not
change much. However, by TEM characterization
(top right image), the internal variation of the flowHUVSKHUHLVODUJHU7KHFDWDO\VWį-MnO2 flower ball
is stacked by the lamellar structure to form a "hydrangea type". The catalyst AlMn2 flower ball is
entangled by the flocculent material to form a "cotton candy type". Combined with the BET specific
surface area, it can be seen that "marshmallow"
type of catalyst AlMn2 has a larger specific surface
area and a more developed pore. After modification, the appearance of the catalyst is unchanged,
but the internal morphology changes completely,
which further proves that Al3+ HQWHUV WKH į-MnO2
catalyst manganese octahedron.

FIGURE 9
SEM(above) & TEM(below) images of cataO\VWVį-MnO 2 & AlMn2
Figure 10 shows the H2-TPR diagram of the
catalyst obtained before and after the metal doping
PRGLILHG į-MnO2 catalyst. From the catalytic performance of chlorobenzene, the catalytic efficiency
of p-chlorobenzene under the same reaction condiWLRQV LV Ș $O0Q  !Ș į-MnO2), as can be seen
from Figure 10, the hydrogen reduction peak of
lD\HUHG PDQJDQHVH į-MnO2 appears at 340 °C,
corresponding to Mn4+ĺ0Q3+; the reduction peak
of metal Al3+ doped layered manganese appears at
310 and 414°C, the former belongs to the reduction
conversion of Mn4+ĺ0Q3+, and further reduces
Mn3+ĺ0Q2+, and the reduction temperature required for the reduction conversion of Mn4+ĺ0Q3+
is relatively reduced before the modification, indicating that the conversion ability is enhanced after
modification[20]. The reason for the decrease of the
reduction temperature, during the modification is
due to the similar particle size, some Al3+ and Mn4+
are ion exchanged, and the change of the valence
state causes lattice defects[34]. So, that the Mn-O
bond energy becomes strong, and compared with
the doping modification, the reduction of
Mn3+ĺ0Q2+ after doping modification indicates
that the ion exchange capacity of the catalyst is
enhanced after modification, which contributes to

FIGURE 8
Contrast XPS spectra of Al for fresh & aged
catalysis AlMn2
Figure 8 shows the area of catalyst after used
Al 2p orbital characteristic peak (73.5 eV) is significantly larger than that of the fresh catalyst, increasing from 673.6 eV to 1255.2 eV, which also indicates that there is a part in the process of aluminum
doping modified layered manganese. The Al3+ ions
enter the structural vacancy of the layered manganese, and another part of the Al3+ ions enter the
interlayer structure of the layered manganese.
SEM and TEM images of the catalysts įMnO2 DQG $O0Q DUH VKRZQ LQ )LJXUH  WKH įMnO2 morphology of the catalyst is a nano-flowerlike structure, the size of the flower sphere is about
700 nm, the surface pores are developed, and the
special flower is the spherical shape responsible for
the ODUJH VSHFLILFVXUIDFHDUHDRIWKH į-MnO2 catalyst. The morphology of the catalyst AlMn2 doped
with metal ion Al3+ is still nano-flower sphere
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the catalytic redox conversion of catalyzed chlorobenzene. This may also be one of the reasons why
the catalytic performance of the modified catalyst is
greatly increased.
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The main active species of the modified proFDWDO\VW į-MnO2 is Oads, and the modified catalyst
AlMn2 plays a major role in Osur, which has stronger oxidizing ability. H2-TPR results shows that the
redox performance of modified catalyst was improved, and the conversion paths of Mn4+ĺ0Q3+
and Mn3+ĺ0Q2+ were easier to achieve. This may
be due to the similar particle size, partial ion exchange of Al3+ and Mn4+, and the change of valence
state causes lattice defects to make Mn-O. The
bond became stronger and more active site.
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THE CONCEPT OF THE THRESHOLD VALUES FOR
ASSESSING THE CONDITION AND
HYDROMORPHOLOGICAL POTENTIAL OF
WATERCOURSES IN POLAND
Piotr Lewandowski*
PoznaĔ University of Life Sciences, Department of Construction and Geoengineering, ul. Piątkowska 94E, 60-649 PoznaĔ, Poland

done using ecological quality ratios (EQR) for
natural watercourses, or ecological potential (EPR)
for heavily modified and artificial watercourses.
The upper class range shall correspond to the reference conditions, i.e. a natural state, almost unchanged by humans. For this purpose, the arithmetic mean of the scoring of the analysed indicators
has so far been used. The paper contains a statistical
analysis of the indices of hydromorphological condition, which have so far been analysed in Poland
using the point method also called Ilnicki and
Lewandowski [5-7] or EcoMorph [8] and aims at
presenting proposals of the limit values of the quality ratio of the condition or ecological potential of
the classes determining the ecological condition of
the watercourse.

ABSTRACT
The publication presents the results of a statistical analysis of the value of the ecological quality
ratio of the condition or hydromorphological potential of Polish watercourses, as determined in the
studies conducted by various authors since 1995
using the so-called point method. On this basis, a
method of classifying the hydromorphology of
watercourses was proposed.

KEYWORDS:
Hydromorphology, River, Classification,
Quality/Potential Ratio, Poland

Ecological

INTRODUCTION
MATERIALS AND METHODS
The Water Framework Directive 2000/60/EC
[1] as well as other formal and legal regulations of
the European Union imposed an obligation to monitor and classify watercourses within the Community. A broad description of these conditions was
published earlier [2-3]. Of the several terms of the
Water Framework Directive (WFD), the most important one, being the major environmental objective, is to achieve at least the good ecological and
chemical status of the surface water bodies and
good quantitative and chemical status for groundwater by 2027. The WFD obliged all EU Member
States to assess water using a biological element
and two supporting (physicochemical and hydromorphological) elements. Despite the holistic and
complementary approach, which should bring many
benefits from the implementation of the WFD,
scientific publications to date indicate that no importance is being attached to the hydromorphological assessment, which is an undoubted weakness
[4].
The procedure of assessment of the hydromorphology of watercourses requires the determination of their condition due to this parameter. This
means the need to identify five classes of watercourses by a very good (I), good (II), moderate
(III), weak (IV) and/or bad (V) condition. This is

The paper uses the results of the hydromorphological studies of watercourses carried out since
1995 in various scientific centres in Poland (Kraków, PoznaĔ2OV]W\Q:URFáDZDQG:DUV]DZD $
preliminary analysis included 51 lowland rivers
with the total length of 2,202 km. From the above
watercourses, in which selected elements of quality
were used, in total 1,588 km, uniform in terms of
methodology, 35 rivers were divided into uniform
sections. The data set comprises 1,963 uniform
sections. A broad description of the analysed objects is included in Lewandowski's publication [2].
The vast majority of the data set was made up of
objects realised in the 3R]QDĔ centre [2, 6-7, 9-12].
What all the analysed objects have in common is
the applied methodology. The research was performed using scoring methods [2, 5-7], one of
which is often called the Ilnicki and Lewandowski
.2.ĝ PHWKRG > -7] or EcoporphEval [8]. It
comprises the evaluation of 7-8 hydromorphological indices of the watercourse on a scale of 1-5,
with the separation of the next section being determined by the homogeneity of the analysed parameters. The final result is the mean value of the evaluated parameters.

11077

© by PSP

Volume 29 – No. 12A/2020 pages 11077-11081

Fresenius Environmental Bulletin

Tree dia gra m
Single node , Euclide an dista nc e

24

Linkage distance

23

22

21

20
19

Morphology
of river channel

Layout of
riparian zone

Aquatic vegetation
and vegetation cover
of escarpments

Tree cover
of river channel

Watercourse
hydrology

Special
natural value

Use of valley

17

Water quaity

18

FIGURE 1
A diagram of a hierarchical tree for cluster analysis conducted by the agglomeration method on mean
weighted linkages of single nodes for the Euclidean distance
In the next stage, the relations between the
eight examined indices were determined using the
statistical methods. A diagram of the "hierarchical
tree" was prepared using the method of agglomeration using the single-linkage clustering (of the Euclidean distance metric). For five classes of naturalness, the mean values of the clusterings of indicators were determined using the k-means method,
with natural and strongly modified and artificial
watercourses being examined separately [1-2]. For
the natural rivers, the ecological quality ratio
(EQR), and for the others, the ecological potential
ratio (EPR), are calculated. On this basis, the proposed limit values for all the classes of naturalness
of the hydromorphological state of rivers were
presented.

"wing" represents indicators less related to the
morphology of the riverbed: hydrology (the influence of high flows prevailed), particular natural
value of the river valley, if and what use is made of
the river valley, and the quality of water.
The shortest linkage clustering was 18.48 and
concerned the hydrology and a particular natural
value of the valley. This is probably due to the fact
that mainly large and medium rivers were analysed,
in the valleys of which different forms of protection
of the surfaces natural forms prevail. The maximum
linkage clustering (24.24) referred to the morphology of the riverbed and the quality of water, indicating loose relations between both indicators.
The examined indicators are evaluated with
integers in the range of 1-5. Therefore, they do not
form a set of continuous variables. The quality or
the ecological potential coefficients were calculated
by dividing the summary score from the evaluation
of the indicators by the maximum summary score a
river section could obtain. The coefficients are
presented as decimal fractions between 0 and 1,
with the exactness of 0.01.
The limit values between the classes of the ecological status of natural watercourses (Tab. 1) and the
ecological potential of heavily modified (Tab. 2)
and artificial watercourses (Tab. 3) were determined. The obtained results prove that it is advisable that the limit values of the hydromorphological
status classes should be separately determined for
the categories of the natural, the heavily modified
and the artificial watercourses identified according
to the Water Framework Directive [1].

RESULTS
Not all the indicators used to determine the
ecological status of rivers have the same impact on
the final assessment. In order to determine the relationship between the examined indicators more
precisely, a "hierarchical tree" diagram has been
drawn up using the method of agglomeration using
the single-linkage clustering (Fig. 1). The diagram
conspicuously has two "wings" to it. One of them is
formed by the following indices: the morphology of
the riverbed, the shape of the coastal (nearshore)
zone, the afforestation of the riverbed and the water
vegetation as well as the vegetation on the river
scarps. These indicators are more strictly related to
the riverbed and are more important for the hydromorphological assessment of rivers. The second
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TABLE 1
A list of means of clusters for ecological quality ratio (EQR) using the k-means method for
natural lowland watercourses
Ascribed ecological quality class
Cluster no.
Number of cases
EQR
Standard deviations
Variance
Confidence 95%

I
2
158
0.84
0.0395
0.0016
0.0062

II
3
436
0.72
0.0300
0.0009
0.028

III
5
602
0.62
0.0314
0.0010
0.0025

IV
1
422
0.51
0.0317
0.0010
0.0030

V
4
115
0.38
0.0432
0.0019
0.0079

n =1 733

TABLE 2
A list of means of clusters for ecological potential ratio (EPR) using the k-means method for
heavily modified lowland watercourses
Ascribed ecological quality class
Cluster no.
Number of cases
EQR
Standard deviations
Variance
Confidence 95%

I
1
14
0.69
0.0183
0.0003
0.0096

II
2
19
0.61
0.0154
0.0002
0.0069

III
4
28
0.56
0.0152
0.0002
0.0390

IV
3
21
0.48
0.0294
0.0009
0.0126

V
5
6
0.37
0.0314
0.0010
0.0251

n =88

TABLE 3
A list of means of clusters for ecological potential ratio (EPR) using the k-means method for artificial
watercourses
Ascribed ecological quality class
Cluster no.
Number of cases
EQR
Standard deviations
Variance
Confidence 95%

I
5
26
0.69
0.0275
0.0007
0.0106

II
4
53
0.59
0.0270
0.0007
0.0073

III
3
36
0.48
0.0178
0.0003
0.0058

IV
2
20
0.40
0.0252
0.0006
0.0111

V
1
3
0.30
0.0115
0.0001
0.0131

n =138

In the most numerous sections of the natural
watercourses (n=1733), the mean values of the
EQR for the five classes fell within the range of
0.38-0.84. Percentiles 10 and 90 corresponded to
the values 0.46 and 0.77. The number of cases for
each clustering indicates a fairly normal distribution
from the maxima at the mean value (class III;
n=602). The value of a standard deviation for the
individual clusters varies between 0.03 and 0.043
and the 95% confidence between 0.0025 and
0.0078. The value of a standard deviation is a
measure of the scattering of observations around
the mean. Since these values are low, they indicate
the compactness of the cases forming the individual
clusters, while low confidence values indicate that
the measurement results fall within a half-open
interval.
In case of a small number (n=88) of heavily
modified watercourse sections, the mean values of
the EPR data set ranged from 0.37 to 0.69. In comparison with the natural watercourses, they were
significantly lower in classes I-III and very similar
in classes IV and V. The value of percentile 10
(0.45) was similar as in natural watercourses, but
percentile 90 was significantly lower (0.69). The
number of cases falling within particular clusterings
was quite diverse (from 6 to 28), although they
clearly accumulate in the middle part of the distribution. Despite low values of the standard deviation
of individual clusters, the diversification is more
than twofold (min. 0.0152, max. 0.0314). The 95%
confidence variation was in the range of 0.01-0.04.

For the artificial watercourses (n=138), the
mean EPR values are significantly lower (0.690.30) than for the natural watercourses section
(0.84-0.38) and (however, only in classes III-V)
also for the heavily modified watercourses (by
0.08). Percentile 10 has reached 0.40 and percentile
90 has reached 0.69. The 95% confidence for the
individual results of the mean EPR is similar to that
for the heavily modified watercourses. The number
of cases forming individual clusterings also varies
considerably (from 3 to 53). A very small size of
the data set calls into question the representativeness of the observation of the assessment and ultimately of the numerical value of the clustering
formed by three data. At the same time, one of the
lowest values of the standard deviation, amounting
to 0.027 occurred for the cluster with the largest
data set (53).
The applied statistical method allows for partly getting around the problem of the lack of numerical continuity of the set as well as a transformation
into a probability distribution of a continuous character. On this basis, the mean values and the ranges
of five classes of the naturalness of the ecological
quality coefficients for lowland natural watercourses and of the ecological potential coefficient for
heavily modified and artificial watercourses were
determined (Tab. 4).
The mean values and the limit values of the
quality classes are significantly higher for the natural watercourses than for the heavily modified and
artificial ones. The lower limit value for class I is

11079

© by PSP

Volume 29 – No. 12A/2020 pages 11077-11081

by 0.13-0.14 higher than for the other two categories. This is all the more important because the
environmental objective of the WFD includes a
recommendation that all watercourses should
achieve the good ecological status. The limit value
between classes II and III is, therefore, decisive. It
amounts to 0.67 – for the natural watercourses, 0.59
– for the heavily modified natural watercourses and
0.53 – for the artificial watercourses. In classes III
and IV, the limit values for the identified watercourse categories are: 0.56, 0.2 and 0.44, respectively, and for classes IV and V, they are 0.45, 0.42
and 0.35, respectively. The most pronounced differences between the watercourse categories are
between classes I and II, and classes II and III.
They are clearly decreasing between the limits of
the other classes. Here, they are more pronounced
between the artificial and the heavily modified
watercourses than between the natural and the
heavily modified ones.
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thic macro-vertebrates, macrophytes and of the
ichthyofauna. Determining the ecological state of a
river is much simpler based on these two elements
than using the above-mentioned biological elements. For each of the latter, they will be different,
and it is necessary to make a joint assessment of the
ecological status or of the ecological potential. In
addition, in order to carry out remedial measures
for rivers in the poor and/or bad ecological condition, it is necessary to know the location of these
sections and the reasons why they are in such a
condition.
The WFD obliged all EU Member States to
assess waters using a biological element and two
supporting (physicochemical and hydromorphological) elements. In hydromorphology, it is important
to assess the hydrological regime, the river continuity and the morphology of the riverbed. For the
purpose of the WDF, many new methods have been
developed across Europe to assess the condition
and the hydromorphological potential of watercourses [2-3, 8, 11, 15]. The study of the physical
structure of habitats, i.e. of both the physicochemical and the hydromorphological indicators, makes it
possible to explain changes in the structure and in
the abundance of the aquatic organisms [14].
The limit values of the five classes of the indices of the ecological hydromorphological status/potential for the three identified categories of
watercourses [8-11], compiled in Table 4, are a
concept allowing to make a clarification, for the
sake of the current Polish regulations concerning
the classification of the ecological status, the ecological potential and the chemical status, and the
method of classification of surface water bodies.
This is all the more important as, on the one hand,
originally, the WFD, in Article 4.1, required that all
watercourses should achieve the good ecological
status by 2015. Whereas, for now (Art. 4.4.), WFD
envisages year 2021 or 2027, or as soon as the
natural conditions allow after 2027, with a number
of preconditions (Art. 4.4-7.) to the departure [1].
On the other hand, according to Nones et al. [4], the
issue of the hydromorphological assessment of
watercourses in their monitoring is regarded as a
marginal one in many EU countries as well as on

DISCUSSION

The results of the statistical analysis of the hydromorphological state of Polish rivers showed that
the most important evaluated indicators include the
morphology and afforestation of the riverbed, the
shape of the nearshore (coastal) zone as well as the
water vegetation and the vegetation on the river
scarps (slopes). The way the valley is used, its particular natural values and the not very precisely
determined hydrology of the river play a smaller
role. The quality of water bears no relation to the
hydromorphology of the river.
The dividing the whole data set (n=1963) into
natural (n=1733), strongly modified (n=88) and
artificial (n=138) watercourses enabled the determination, for these categories, of the mean values
of EQR or EPR in the identified five classes of
naturalness degree. In the natural watercourses,
they are pronouncedly higher. Contrary to the recommendations of the Common Implementation
Strategy [13], the study was not limited to classes I
and II, since the hydromorphology of a watercourse
together with the quality of water determine the
presence of phytoplankton, phytobenthos, the benTABLE 4
Boundary values of quality classes for analyzed lowland watercourses
Category of
water-courses,
number
of data
Natural
n=1733
Heavily
modified
n=88
Artificial
n=138

List

I
Very good

Mean EQR
Boundary value
Width of interval
Mean EPR
Boundary value
Width of interval
Mean EPR
Boundary value
Width of interval

0.84
>0.78
0.22±0.006
0.69
>0.65
0.35±0.010
0.69
>0.64
0.36±0.011

Quality class of hydromorphological status of watercourses
II
IV
III
*Good
*Weak
Moderate
**Good and above
**Poor
0.72
0.62
0.51
0.78-0.67
0.66-0.56
0.55-0.45
0.11±0.003
0.10±0.003
0.12±0.003
0.61
0.56
0.48
0.65-0.59
0.58-0.52
0.51-0.42
0.07±0.007
0.07±0.006
0.09±0.013
0.59
0.48
0.40
0.64-0.53
0.52-0.44
0.43-0.35
0.11±0.007
0.10±0.006
0.09±0.011

*for natural watercourses, **for heavily and artificial watercourses
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V
Bad
0.38
<0.45
0.45±0.008
0.37
<0.42
0.42±0.025
0.30
<0.35
0.35±0.013
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German land. The majority of answers from the
twenty water authorities surveyed indicated that
hydromorphology may limit the achievement of the
good condition or the ecological potential of watercourses in the assumed time horizon.
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[9] Ilnicki, P., Górecki, K., Grzybowski, M.,
.U]HPLĔVND $ /Hwandowski, P., Sojka, M.
(2010) Ecological quality classes of river hydromorphology in Poland. Journal of Water
and Land Development. 14(1), 15-27.
[10] Ilnicki, P., Górecki, K., Grzybowski, M.,
.U]HPLĔVND, A., Lewandowski, P. and Sojka,
M. (2010) Principles of hydromorphological
surveys of Polish rivers. J. Water Land Dev.
14, 3–13.
[11] Ilnicki, 3*RáG\Q, R., Murat-%áDĪHMHZVND, S.,
Soszka, H., Górecki, K., Grzybowski, M.,
.U]HPLĔVND, A., Lewandowski, P., Skocki, K.
and Sojka, M. (2009) Elaboration of methods
for monitoring and classification of hydromorphological quality parameters of uniform
parts of river and lake waters acc. to the requirements of the Water Framework Directive.
*(32/ 3R]QDĔ IRU GIOĝ Warszawa, typescript. 1-338 (in Polish).
[12] Ilnicki, P., Górecki, K., Grzybowski, M.,
.U]HPLĔVND, A., Lewandowski, P. and Sojka,
M. (2010) Methodical conditions of the ecological status assessment of rivers on the basis of
their hydromorphological elements. Infrastructure and Ecology of Rural Areas. 9, 41-52 (in
Polish, abstract in English).
[13] European Communities (2003) Common Implementation Strategy (CIS) for the Water
Framework Directive (WFD) 2000/60/EC.
Guidance No. 10. River and lakes – Typology,
reference conditions and classification systems.
Produced by Working Group 2.3 – REFCOND.
[14] Fernández, D., Barquin, J. and Raven, P.
(2011) A review of river habitat characterisation methods: indices vs. characterisation protocols. Limnetica. 30, 2, 217–234.
[15] Lewandowski, P. and Górecki, K. (2018) Hydromorphological assessment of selected lowland watercourses with the use of the MHR
method. Fresen. Environ. Bull. 27, 9979-9988.

CONCLUSION
The statistical analysis of the research conducted on the hydromorphological state of lowland
watercourses in Poland so far has made it possible
to identify the limit values for five classes of the
ecological condition for the natural watercourses
and of the ecological potential for the heavily modified and/or artificial watercourses. The presented
concept allows for the clarification of the national
regulations concerning the classification and monitoring of the surface water bodies.
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on global and regional climate change, reduced visibility, and human health, especially associated with
cardiovascular disease and wheezing [9-14]. In the
past few years, China had experienced serious haze
events in different regions [15-16]. The explosive
haze have became primary events of air pollution in
China for public and regulator >-18]. The concentration of fine particles (PM2.5) was even reached up
to (500- ȝJP3 during the haze events, and the
visibility reduced rapidly [19].
The mass concentration monitor of PM (PMM)
was widely used to measure the mass concentration
of PM in atmosphere, and it was an indispensable
way to evaluate the air quality of indoor and outdoor.
According to the working principle, the PMM was
divided into manual analysis method and automatic
analysis method (including the micro oscillating balDQFH 7(20  PHWKRG WKH PHDVXULQJ PHWKRG RI ȕ
ray and the measuring method of light scattering),
but the basis measurement was the mass method.
Due to the lack of relevant unified international
standards, various manufacturers have different calibrated procedures, resulting in great difference in
the measure result of the PMM, or even the same
type of the PMM produced by the same manufacturer, which directly affects the final measure result.
Therefore, it is necessary to calibrate the new manufactured and used PMM.
According to the national calibration specification of China JJF1659- “PM2.5 mass concentration monitor”, ISO 12103-1 A2 test dust can be used
to calibrate the PMM. However, the price of A2 test
dust was very high and its supply time was very long,
so the test dust which its cost was lower need to be
studied in China. In this study, a new type of test dust
was prepared and its properties were studied.

ABSTRACT
The abandoned sand of the desert in Xinjiang
was collected to prepare the new test dust as standard
sample to calibrate the particulate matter mass concentration monitor. The performance of the new test
dust was evaluated by X-ray Fluorescence Spectrometer, Thermo Gravimetric Analyzer, scanning
electron microscope and particle size analyzer, the
results showed that the uniformity and stability of the
new test dust was excellent, and its D50 and D90 were
HTXDO WR  ȝP DQG  ȝP UH
spectively, and indicated that it could be used to calibrate the particulate matter mass concentration
monitor as the succedaneum of ISO 12103-1 A2 test
dust.

KEYWORDS:
Abandoned sand, Test dust, The characteristic particle
size, Quality estimation

INTRODUCTION
Arid areas of our planet generate large amounts
of dust, which is lifted up into the atmosphere. Estimates suggest that 2000 Tg yearí1 are emitted into
the troposphere [1]. These natural sources are mainly
deserts, which together with anthropogenic dust
sources are considered to be responsible for onethird to one-half of annual aerosol emissions by mass
[2-3]. Through processes of saltation and sandblasting, dust particles are lifted up into the air and can
travel over long distances. While larger particles sediment out due to gravity in the vicinity, smaller particles(<10μm) can reside in the atmosphere for more
than a week [4-5]. As the largest developing country,
China had maintained fast economic development,
urbanization and industrialization in the past three
decades, and generated serious atmospheric pollution and public health problems [6-@. At present,
particulate matter (PM, include PM2.5 and PM10,
which their aerodynamic diameter are no more than
2.5μm and 10μm respectively) has became the primary atmosphere pollutant [8], with a serious impact

MATERIALS AND METHODS
Materials and instrument. The raw material
of the new test dust was the abandoned sand, which
collected from the desert of Xinjiang. Some instruments were used to preparate and analysis the new
test dust, such as sieve shaker(DSJ-200, Chunlong
Instrument Co. Ltd., Jiangsu, China), sieve (Shangyu
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TABLE 1
The element content of A2 test dust and the product.
A2 test dust
the product

Na2O
2%~4%
2.03%

MgO
1%~2%
1.14%

Al2O3
10%~15%
9.01%

SiO2
a


K2O
2%-5%
2.61%

CaO
2%~5%
8.56%

TiO2
0.5%~1%
0.46%

Fe2O3
2%~5%
3.84%

a

b
c
FIGURE 1
SEM images of the product (a, b) and A2 test dust (c).

54 Instrument Factory, Zhejiang, China), pulverizer
(CS- Tianqi Shengshi Industry and Trade Co.
Ltd., Zhejiang, China), wet mill (NMM-1L, Shenzhen Boyee Chemical Machinery Co. Ltd.), Thermo
Gravimetric Analyzer (TGA, Q50, USA), X-ray Fluorescence Spectrometer (XRF,ZSX Primus II, Japan), scanning electron microscope (SEM, Sigma
300 Zeiss, Germany), particle size analyzer
(HORIBA LA-960, Japan; Bettersize2000, China;
Mastersizer 2000, England); spray-dryer (LPG-5,
Changzhou Lemar Drying Technology Co. Ltd.,
Jiangsu, China).

and the water was the test medium which the refractive index was 1.33, then made the transmission rate
achieve 100%, and made the transmittance rate
achieve 100% in the blank background, and then
2.5mL of the solution which 0.5g sample and 100mL
ultra-pure water were well-distributed was added directly into the sample pool, then the ultrasound system was activated more than 1min, meanwhile the
circulation system and the stirring system were activated until the end of the measurement. Every sample was measured 4 times and the average value was
used as the final result.

Procedures of preparation. One kilogram of
the raw material which the debris was removed by
the sieve shaker and the sieve, were grinded to the
designed size by wet mill, and then were dryed by
the spray-dryer and shattered by the pulverizer, the
product was sieved and graded by the sieve with different sizes, blended evenly and packed into the
clean sample bottles finally.

RESULTS AND DISCUSSION
XRF and SEM analysis. To understand the element content information of the product, it was
measured by XRF. The result can be seen in Table.1,
it showed that the element content of Na2O, MgO,
Al2O3, SiO2, K2O, CaO, TiO2 and Fe2O3 were
2.03%, 1.14%, 9.01%, , 2.61%, 8.56%,
0.46% and 3.84% respectively, which was very similar with A2 test dust [20-21]. Meanwhile, the morphology of the product (seen in Fig.1(a, b)) was very
similar with the morphology of A2 test dust (seen in
Fig.1(c)), which could see from previous literature
[22].

Characterization. The element content and
morphology of the product were analyzed by XRF
and SEM, respectively. The thermo-stability of the
product was analyzed by TGA, and the operation
process was that the product was placed in 20
P/PLQQLWURJHQRUDLUDQGULVHGLVRWKHUPDOO\IURP
20 °C to 800 °C at a rate of 20 &PLQ
$FFRUGLQJ WR *%7 -,62
13320:2009 “Particle size analysis: laser diffraction
method”, the characteristic particle size of D50 and
D90, which represented the particle size of the sample
when the cumulative particle size distribution percentage reached 50% and 90%, were measured by
laser particle size analyzer. The test step was as follows: first of all, the refractive index was set as 1.54,

TGA analysis. To understand the thermo-stability of the product, it was measured by TGA in air
and in N2. The result showed that when the temperature was 684.63°C, the decomposition rate was the
largest, and the lost thermo-gravimetric quality percentage was about 4.884% in air, and the residue
TXDOLW\ SHUFHQWDJH ZDV DERXW  (Fig.2-a).
When the temperature was 685.93°C, the decompo-
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sition rate was the largest, and the lost thermo-gravimetric quality percentage was about 5.095% in N2,
and the residue quality percentage was about 94.55%
(Fig.2-b). It could find the thermo-gravimetric
curves were similar in air and in N2 from Fig.2, and
when the temperature was at around 680°C, the
thermo-gravimetric curve had an obvious turning
point, showed the reaction happened, and there was
a big hot heavy losses, because the coordinated water
could be wiped off when the temperature was as high
as 680°C or more. Therefore, it showed that when
the product was subjected to the temperature change
which rised from 20°C to 800°C in air and in N2, the
lost thermo-gravimetric quality was small, indicated
that the protective atmosphere had little effect on the
loss quality of the product, and proved that its
thermo-stability was excellent.
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water were added directly into the wet mill, and the
URWDWHGVSHHGRIWKHZHWPLOOZDVVHWDWUPLQ
then the grinded product was dried by the spraydryer, and the dried product was smashed, sieved and
graded by the sieve with different sizes, and the D50
and D90 RI WKH ILQDO SURGXFW ZHUH DERXW ȝP DQG
ȝPUHVSHFWLYHO\
Uniformity examination. Firstly, 20 bottles of
5g sample were taken from 200 bottles of sample as
the base. In order to assure the uniformity of the
product, 20 bottles of 5g sample were stirred uniformly, then the D50 and D90 of the product which
was homogenized were measured by the particle size
analyzer. According to the formula (1) and formula
(2), the result showed that the average value and the
relative standard deviation (RSD) of D50 were
ȝP DQG  UHVSHFWLYHO\ Dnd the average
value and the RSD of D90 ZHUHȝPDQG
indicated that the sample was uniform and meet the
sub-assembly requirement.
SD=

( x1  x)2  ( x2  x)2  ......  ( xn  x)2
n 1

(1)

SD
(2)
u 100%
x
where xn are the result of n th test, SD is the
standard deviation of all test, n is total numbers of all
test, RSD is the relative standard deviation.
The uniformity was the most basic property of
the standard sample, then 26 bottles of 1g sample
were sampled randomly, and the D50 and D90 of the
product were measured twice parallelly. The uniformity was analyzed by univariate anova, and was
evaluated by comparing the uniformity uncertainty
between bottles and the repeatability standard deviation (SDr). The result was shown in table.2, it
showed that the uniformity uncertainty (Ubb or Ubb')
RIWKHSURGXFWZHUHDQGZKLFKZHUH
OHVVWKDQWKH6'URIDQGUHVSHFWLYHO\
therefore, it proved that the product had good uniformity.
RSD=

FIGURE 2-a
Thermogravimetric analysis of the product in
air

Stability analysis. In this study, the sampling
method was that 3 bottles of the product were sampled randomly in every time point (the production
for the month, 2 months, 4 months, 6 months, 8
months, 10 months and 12 months), analyzed twice
parallelly for every bottle, and the average value as
the stability test result. The result could be seen in
table.3, it showed that the stability of the product in
one year, and the tcal of D50 and D90 were equal to
 DQG  UHVSHFWLYHO\ ZKLFK ZHUH OHVV
than the test critical value of t (when the confidence
interval probability was 95% and the degree of freedom was n-2, the critical value of t-test was
t(0.95,5)=2.. When the confidence interval probability was 99% and the degree of freedom was n-2,
the critical value of t-test was t(0.99,5)=3.365). Therefore, it indicated that the linear slope formed in the

FIGURE 2-b
Thermogravimetric analysis of the product in
N2.
Particle size analysis. At first, the characteristic particle size of the raw material were measured
by the particle size analyzer. The result showed that
the D50 and D90 ZHUHȝPDQG30ȝPKRZ
ever, the characteristic particle size (D50 and D90) of
$WHVWGXVWZHUHDERXWȝPDQGȝP [22], indicated that the D50 and D90 of the raw material were
larger than the D50 and D90 of A2 test dust, and the
raw material needed to be modified to the same D50
and D90.
Therefore, 1kg of the raw material and 2kg of
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sampling characteristics and detection time of the
product was not significant, and the D50 and D90 of
the product were stable within one year.
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was all passed. The maximum variance test value
Grubbs=1.4206 for D90 was less than the critical
value C0.05(9,4) =1.463, so the Grubbs test was all
passed. According to the formula (3) as follow:
xn  xn 1
x2  x1
(3)
Dn
; Dn '
xn  x2
xn 1  x1
The calculation result could be seen in table.5a and table.5-b, the Dixon test value D= 0.233 and
'¶ IRU'50 were less than the critical value
D0.05(9,4) = 0.512, so the Dixon test was all passed.
The Dixon test value D=0.211 and D’ =0.002 for D90
were less than the critical value D0.05(9,4) = 0.512, so
the Dixon test was all passed.
According to the formula (4) as follow:
(4)
m3
m4

The analysis of standard value. A total of 9
units of authoritative research institutes were selected to adopt the method of collaborative measurement to analysis the standard value. Two bottles of
the product were provided, and test twice parallelly
for each sample was carried out. The result was obtained by Grubbs test, Cochran test, Dixon test and
normal distribution test, and the result was shown in
table.4 and table.5.
According to the table.4, the maximum variDQFHWHVWYDOXH& IRU'50 was less than the
critical value C0.05(9,4) =0.403, so the Cochran test
was all passed. The maximum variance test value
*UXEEV  IRU '50 was less than the critical
value C0.05(9,4) =1.463, so the Grubbs test was all
passed.
According to the table.4, the maximum variDQFHWHVWYDOXH& IRU'90 was less than the
critical value C0.05(9,4) =0.403, so the Cochran test

bs

3

; bk

m2 2

m22

Where m2, m3, m4 are the mean value of
squared sum, cube sum, and biquadrate sum respectively, which are the difference value between test
values and their mean value. bs is the deviation coefficient, and bk is the kurtosis coefficient.

TABLE 2
The uniformity test of the product.
9.89
10.02
9.94
9.98
9.90
10.00
10.04
10.02

10.16

9.95


The test result of D50 ȝP
9.90
9.90
9.85
10.00

10.23


10.01
10.20
9.95
9.88
10.14
9.85

9.85
9.98



9.88
9.93

10.16

10.02

9.98
10.13

10.14

9.92
9.91

9.95
10.04
9.95

10.00

30.18
30.65
31.00
30.61

29.93
29.24

28.30
29.11
28.46
28.89


The test result of D90 ȝP

29.89
30.15


29.62


30.38
31.64
29.98




33.53

31.15
26.65
30.94

31.88
28.88


31.64

x =9.95ȝm;RSD=1.23%㸹

x =ȝm;RSD=4.38%㸹

6'U ;Ubb 
Uniformity

SDr=1.1019;Ubb=0.2981
Uniformity

28.46
29.59
29.49
29.81
31.15
31.05
31.04
28.61

31.32

31.62


TABLE 3
The stability of the product in one year.
The test result of D50 ȝP
The test result of D90 ȝP

9.92
10.03
10.02
32.29
30.81
28.22
28.59
9.89
10.01
9.90
10.13
30.16

30.48


9.96
9.96
9.98
31.10
30.21
30.30



9.88
9.93
31.06
28.51
31.54
31.24
9.80


10.13
30.09
29.92
31.63

9.99
9.99
9.99
10.00


29.36
29.11
10.04
10.02
10.01
10.03
31.48
31.55

28.16
10.12
10.10
9.84
10.02

30.80


9.98
10.00
9.83
9.90
31.09

29.36
30.89
29.53
32.00
10.12
9.82
x =ȝP
x =ȝP
9.88
10.06
RSD= 1.12%
30.22
30.52
RSD=4.44%
9.99

bo =9.9201
30.69

bo =30.5651
b1=0.0028
SD(b1) =0.0033
b1=-0.0551
SD(b1)=
t(0.95,5)critical ˗t(0.99,5)critical=3.365
tcal =
stable
tcal=1.4919
stable
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TABLE 4
Grubbs test and Cochran test of D50 and D90 for the product.
Lab

Test result x

10.06
10.33
10.26

10.41
10.16

10.55
33.65

30.44
32.15

29.82

30.00
28.90

A
B
C
D
E
F
G
H
I
A
B
C
D
E
F
G
H
I

10.09
10.05
10.33
10.31

10.53
10.22

10.54
33.64
28.92
30.58
32.13
29.39
29.88
32.83

28.82

10.05
10.05
10.33

10.68
10.55
10.24
9.82
10.54

28.83
30.55
32.16

29.84

30.00
28.83

10.04
10.06
10.33
10.38
10.66
10.43
10.21
9.83
10.54

28.95
30.46
32.12
29.35

32.82
29.99
28.89

0.4268
0.3086

1.2496
0.8024
0.9504
1.3964

1.0135


0.9404
0.4699
0.2558

1.1313
0.4534
1.0352

G=ABS(x- x 6'
1.1856
0.5691
1.0801
0.4629

0.3382
0.3602

0.8826
0.5616
0.6443

0.4143
0.9361
1.3438


0.2981
0.9190
0.6885
0.6660
0.4346
1.0941
0.5965
0.5553
1.1534



0.1552
1.0210
0.5243
1.4206

1.0352
0.6545

C
1.0433
1.2344
1.2402
0.8850
1.1233

0.0460

0.0596
1.0249
0.9662



1.1582


0.6545

0.0342
0.0032
0.0004
0.2428


0.0816
0.2099
0.0014


0.2003
0.0132
0.0164

0.0564



Brief Instructions: G(0.05,4)=1.463; G(0.01,4)=1.492; C0.01㸦9,4㸧=0.481; C0.05㸦9,4㸧=0.403. A-I represent different units respectively.

TABLE 5-a
Dixon test of D50 for the product.
The test result of D50 ȝP

10.06

10.16
10.26
10.33
10.41
10.55



10.05
10.09
10.22
10.31
10.33
10.53
10.54


9.82
10.05
10.05
10.24
10.33

10.54
10.55
10.68

9.83
10.04
10.06
10.21
10.33
10.38
10.43
10.54
10.66

x

D

D’

9.8
10.05
10.06
10.21
10.33
10.33
10.48
10.54
10.69

0.233



x

D

D’

28.86


29.83
29.99
30.51
32.14



0.211

0.002

TABLE 5-b
Dixon test of D90 for the product.
The test result of D90 ȝP

28.90

29.82
30.00
30.44
32.15

33.65

28.82
28.92
29.39
29.88

30.58
32.13
32.83
33.64

28.83
28.83

29.84
30.00
30.55
32.16



28.89
28.95
29.35

29.99
30.46
32.12
32.82


TABLE 6
The normal distribution test of D50 and D90 for the product.
Lab

D50

D90

A
B
C
D
E
F
G
H
I
n

10.06
10.05
10.33
10.33
10.69
10.48
10.21

10.54
9



30.51
32.14

29.83

29.99
28.86
9

Test result

x
m2
m3
m4
bs
bs critical
bk
bk min
bk max
Normal distribution
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10.28

-0.00458
0.0110
0.25

2.24
1.53
3.86
Yes


2.81
2.85
15
0.60

1.89
1.53
3.86
Yes
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The calculation result could be seen in table.6,
the coefficient of skew bs were 0.25 for D50 and 0.60
for D90, which were less than the critical value of
bs(0.05,9)   7KH FRHIILFLHQW RI NXUWRVLV EN were
2.24 for D50 and 1.89 for D90, which were between
the critical value bk(0.05,9)=1.53 and the critical value
bk(0.95,9)=3.86, Therefore, the measured data was conform to normal distribution.
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uchar 2  ubb 2

(5)
Therefore, combined with the previous data,
the evaluation result of the product was that the D50
ZDVHTXDOWR  ȝPDQGWKH'90 was equal
WR  ȝP

CONCLUSIONS
In this study, the abandoned sand of the desert
in Xinjiang was collected to prepare the new test dust
as standard sample to calibrate the particulate matter
mass concentration monitor. The results showed that
the uniformity and the stability of the new test dust
were excellent, and its D50 and D90 were equal to
 ȝP DQG  ȝP UHVSHFWLYHO\
which was similar with the characteristic particle
size (D50 and D90) of A2 test dust, indicated that it
could be used to calibrate the particulate matter mass
concentration monitor as the succedaneum of ISO
12103-1 A2 test dust.
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ABSTRACT
The citrus red mite, Panonychus citri and the
two-spotted spider mite, Tetranychus urticae are important pests of citrus orchards and strawberry fields
and greenhouses, respectively and their lack of control causes significant damage to the plants. Excessive usage of various types of pesticides has increased the resistance of pests to them. In this research, the contact toxicity of several different biorational and chemical compositions on the eggs and
adult stages of these mites was investigated. The
treatments includ-ed dishwashing liquid 10 ml/L,
Dayabon 5, 6, 7, 8, 9 and 10 ml/L, Palizin 1.5, 2 and
2.5 ml/L, Palizin 1.5, 2 and 2.5 + Citrol oil 5 ml/L,
Tondexir 2 and 3 + Bartar soap 1 ml/L, Malathion
0.5 ml/L and control (water). At 24, 48 and 72 hours
after spraying with different concentrations, dead
mites were counted. The results of data analysis
showed that there is a significant difference between
different treatments on both mites. The highest mortality rate was observed in 72 hours after treatment
with Tondexir 3 and 2 ml/L + Bartar soap 1 ml/L,
which resulted in mortality of 98.13%, 42.91% in the
citrus mite and 84.40% and 82.39% in the two-spotted spider mite, respectively. The results showed that
the used botanical pesticides have the ability to control the aforementioned mites at a desirable level and
can be a suitable alternative for other high risk acaricides.

KEYWORDS:
Citrus red mite, two-spotted spider mite, chemical treatments, mortality, Tondexir

INTRODUCTION
Two-spotted spider mite with the scientific
name of Tetranychus urticae Koch was first named
by Ugarowand Nikolski(1973). Previously, it was
known in the United States as T. arlanticus McGreg-

or (1941) and with the general name of strawberry
spider mite. This mite is one of the most common
and dangerous pests of agricultural products [1].
This mite is a polyphagous species that infests 37
crop species, 38 species of trees and plants and 137
species of wild plants and weeds in cotton cultivation
areas [2, 3]. This mite is spread across all regions of
the United States, Europe, Russia, Japan, Near East
and the Middle East [1].
The citrus red mite, Panonychus citri
(McGregor) is one of the most important citrus pests
in most parts of the world; its initial habitat is not
exactly clear, but it is believed to be Southeast Asia
[4]. It is re-ported as a first-class citrus pest in China,
Japan, Taiwan, Italy, Brazil and South Africa, and is
considered as the first-grade citrus pests in northern
Iran, as the struggle against it is inevitable.
Panonychus citri (McGregor) has15-19 generations
per year [5].
The adult mites and nymphal stages of the species with a large population fed by cell sap and damage. The damage caused by these mites reduces the
quality and quantity of the product. These mites have
a wide range of host plants and feed on different
plant species [6, 7].
Excessive usage of various types of pesticides,
including acaricides, has increased the resistance of
pests to these compounds [8, 9, 10, 11, 12]. The
widespread use of chemical pesticides will eliminate
the natural enemies of these pests and, as a result,
their outbreak. Therefore, considering the expansion
and outbreak of these pests, limiting chemical control is necessary to reduce the amount of pesticide’
use, detect and apply non-chemical methods and can
be achieved by introducing biological factors and
low-risk toxins with certain dose and time to control
this pest. The plant insecticides and microbial pesticides are compounds that have a great effect on
pests, have lower risk for humans and non-target organisms and are environmentally acceptable [13].
Biological control factors or biological pesticides are referred to as biological and biochemical
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products that are used to control pests and plant diseases and are the next generation of plant protection
prod-ucts. Because the initial and occasional process
of selection of non-chemical methods in plant protection during the 1980s and 1990s has now become
the official policy of most governments for pest management. In fact, biological pesticides, like chemical
pesticides, are also plant protection products that are
used in the management of pests, plant diseases and
weeds, and if necessary, they can be used [14]. Organic pesticides or naturally pesticides containing
plant compounds (such as extract of garlic, pepper,
citrus peel, eucalyptus, and etc.), mineral compounds
(sulphur, kaolin, calcium, potassium, copper, iron,
and etc.) and soaps and edible oils, for the following
reasons today are the most commonly used pesticides in organic culture. Unlike chemical toxins,
they often act selectively and are harmless to humans
and other non-target animals and do not pollute the
environment. Their application to biological and
plant pesticides is much less costly and lacks complexity. They are easily decomposed in nature and do
not have any toxic effects, so that after a short period
of time, agricultural products can be used. Due to the
absence of a toxic effect, no harm will not affect the
beneficial insects that they will contact with the
plants after they have been sprayed with them when
hunting. They affect physical pests and, unlike
chemical toxins, do not cause re-sistance to pests.
Hence, the purpose of this study is to investigate the
lethal effect of the combining of three plant insecticides including Palizin, Tondexir and Dayabonat different concentrations, as well as the comparison of
lethality of these compounds with chemical acaricide
e.g. Spirodiclofen (Envidor w / v% 24 SC) at different times.

MATERIALS AND METHODS
Preparation of mite colony. In order to create
a colony of the population of the studied pests, including citrus red mite, Panonychus citri, and twospotted spider mite, Tetranychus urticae, first the
pests must be reared. Thomson-Novel 2-year seedlings were used to rear citrus red mite and strawberries,1-year seedlings were used for rearing of two spotted spider mite. The stages of rearing are fully
de-scribed below.
Rearing of citrus red mite on the host plant.
Thomson-Novel 2-year seedlings planted in plastic
pots and kept at 25 ± 2°C, 65 ± 5% relative humidity
and 16L:8D photoperiods were used as hosts of citrus red mite. The primary colony of citrus red mite
was collected from citrus gardens infested with these
pests in Sari districts and transferred to the laboratory. In order to obtain a similar population of adults
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of the same age, adult mites were placed on the
leaves of citrus, and after 24 hours, adult mites were
removed from the leaves. The plants infested with
mite eggs were placed inside rearing chambers. 12
days after the emergence of adult and similar mites,
they were used for bioassay.
Rearing of two-spotted spider mite on the
host plant. The primary colonies of the spider mite
were collected from strawberry fields infested with
this pest in Babolsar (Behnamir) and transferred to
the la-boratory. In order to obtain a similar population of adults of the same age, adult mites were
placed on strawberry leaves (3 weeks after leaf germination) and after 24 hours, adult mites were separated from the leaves. The plants infested with mites
were placed inside the germinator. After 12 days and
emergence of adult mites of the same age, they were
used for bioassay. In these experiments, the effect of
these plant compounds on mite eggs was also investigated.
Used compounds. In this experiment, 17 different plant and chemical pesticide treatments were
used. The treatments included: 1) dishwashing liquid
(AVE) 10 per 1000, 2) Dayabon 5 milliliters per liter, 3) Dayabon6 milliliters per liter , 4) Dayabon7
milliliters per liter, 5) Dayabon8 milliliters per liter,
6) Daya-bon9 milliliters per liter, 7) Dayabon10 milliliters per liter, 8) Palizin 1.5 milliliters per liter, 9)
Palizin 2 milliliters per liter, 10) Palizin 2.5 milliliters per liter, 11) Palizin 1.5 milliliters per liter + Citrol oil 5 milli-liters per liter, 12) Palazin 2 Milliliters
in liter + Citroloil 5 milliliters per liter, 13) Palizin
2.5 milliliters per liter + Citroloil 5 milliliters per liter, 14) Tondexir2 milliliters per liter + Bartar soap
1 milliliter per liter, 15) Tondexir 3 milliliters per liter + Bartar soap 1 milliliter per liter, 16) Malathion
was 2 milliliters per liter and 17) control (water).
Bioassay. Adult mite. For each treatment, 3
replications were performed and for each replication,
30 mites were placed on the leaves of the host plant,
and in Petri dishes with a diameter of 8 cm and a
height of 1.5 cm. Then, a certain amount of each
treatment was taken with a sampler, poured in 1 liter
of water and sprayed on each leaf with potter precision spray tower [15]. The leaves were exposed to
mild air flow for 30 minutes at room temperature to
dry. These experiments were replicated three times.
The spray Petri dishes were placed inside the germinator under conditions of 25 ± 2°C, 65 ± 5% relative
humidity and 16L:8D photoperiods and 24, 48 and
72 hours after the treatment, living and dead mites
were counted and their mortality rate was estimated.
The mites that were unable to move their legs against
hot needle stimulation were considered dead. In the
case of mortality in the control, mortality percentage
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of treatments was corrected by Abbott's formula
[16]. These experiments were performed with three
replications for both mites with 30 mites in each replication.
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RESULTS AND DISCUSSION
The results of bioassay of lethal effects of different treatments on the adult and egg stages of P.
citri and T. urticae mites are shown in Tables 1-3.
The results of the analysis of bioassay data of the
adult stage of citrus red mite showed that a significant difference was found between different treatments at the tested time (For 24 hours df = 16, F =
302.924, P <0.001; for 48 hours df = 16, F = 226.587,
P <0.001; and for 72 hours df = 16, F = 267.802, P
<0.001). According to the results, the treatment of
Tondexir 3+ Bartar soap 1 ml/L had the highest mortality rate at 24, 48 and 72 days, respectively, which
was 82.16, 89.92 and 98.13%, respectively. Among
Dayabon treatments, 10 ml/L had a maximum mortality rate at different times, so that for 72 hours,
80.17% of mites died. In the dishwashing liquid
treatment, 10 ml/L, from 24 hours to 72 hours, mortality rate increased by 25 and 43.23%, respectively
(Table 1).
According to the results of analysis of variance,
the information obtained from bioassay of two- spotted spider mite showed a significant difference between all treatments at test times (for 24 hours, df =
16, F = 123.919, P <0.001; for 48 hours df = 16, F =
278.901, P <0.001; and for 72 hours df = 16, F =
183.588, P <0.001). The results of the mean compar-

Mite egg. In order to obtain the same age eggs,
30 pairs of each mite were released on the host plants
and after 24 hours of release, the mites were removed
and then the leaves were carefully examined under
the binoculars and leaves containing 20 eggs were
tested and additional eggs were removed using a fine
brush under the binoculars. The test method was
similar to study of the effect of toxins on adult mites,
but the time to calculate the mortality rate of eggs
was 15 days after treatment, so that each egg which
was not hatched was considered dead.
Statistical analysis. Statistical analysis of data
recorded in bioassay experiments was performed using ANOVA and SPSS software, version 22. In case
of significance, the mean comparison was done using Tukey's multiple range test.

TABLE 1
Mean (±SE) mortality of the citrus red mite, Panonychus citri treated with different chemical and botanical compounds in different times.
Mean (±SE) mortality at different intervals (h)
48 h
72 h

Treatment

24 h

dishwashing liquid (Ave) 10 ml/L

25.00±1.68 % e

36.43±2.57 % g

43.32±2.62 % h

Dayabon 5 ml/L
Dayabon 6 ml/L
Dayabon 7 ml/L
Dayabon 8 ml/L
Dayabon 9 ml/L
Dayabon 10 ml/L
Palizin 1.5 ml/L
Palizin 2 ml/L
Palizin 2.5 ml/L
Palizin 1.5 ml/L + Citrol oil 5 ml/L
Palizin 2 ml/L + Citrol oil 5 ml/L
Palizin 2.5 ml/L + Citrol oil 5 ml/L
Tondexir 2 ml/L + Bar-Tar wetting
agent 1 ml/L
Tondexir 3 ml/L + Bar-Tar wetting
agent 1 ml/L
Malathion 2 ml/L
Control (water)

33.19±1.49 % d
44.35±1.66 % c
44.42±1.64 % c
50.15±1.90 % bc
57.18±0.62 % b
56.04±1.59 % b
10.41±1.30 % f
14.12±1.68 % f
31.03±1.85 % de
28.10±0.81 % de
43.41±0.50 % c
48.54±1.92 % a

49.24±1.65 % f
52.50±2.57 % f
55.72±1.66 % ef
64.68±1.99 % de
66.33±1.92 % d
71.49±0.76 % cd
13.92±2.13 % h
18.64±1.85 % h
31.30±2.37 % g
32.91±1.02 % g
51.77±1.70 % f
77.84±1.86 % bc

54.58±1.52 % g
63.20±1.48 % fg
64.05±2.53 % f
67.53±1.78 % ef
74.44±1.41 % de
80.17±1.30 % cd
17.89±0.55 % i
25.94±2.60 % i
37.49±1.47 % h
41.64±2.12 % h
60.32±0.32 % fg
87.51±0.96 % bc

80.92±1.38 % a

86.41±1.43 % ab

91.42±1.55 % ab

82.16±0.50 % a

89.92±1.27 % a

98.13±1.07 % a

2.46±0.41 % g
1.75±0.23 % g

12.93±0.96 % h
3.20±0.66 % i

75.21±1.48 % de
3.26±0.67 % j

* Means

were compared by Tukey's multiple range test at 0.05 level. The similar letters indicate no significant difference.
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TABLE 2
Mean (±SE) mortality of the two-spotted spider mite, Tetranychus urticae treated with different chemical
and botanical compounds in different times.
Mean (±SE) mortality at different intervals (h)
Treatment
24 h
48 h
72 h
dishwashing liquid (Ave) 10 ml/L
Dayabon 5 ml/L
Dayabon 6 ml/L
Dayabon 7 ml/L
Dayabon 8 ml/L
Dayabon 9 ml/L
Dayabon 10 ml/L
Palizin 1.5 ml/L
Palizin 2 ml/L
Palizin 2.5 ml/L
Palizin 1.5 ml/L + Citrol oil 5 ml/L
Palizin 2 ml/L + Citrol oil 5 ml/L
Palizin 2.5 ml/L + Citrol oil 5 ml/L
Tondexir 2 ml/L + Bar-Tar wetting
agent 1 ml/L
Tondexir 3 ml/L + Bar-Tar wetting
agent 1 ml/L
Malathion 2 ml/L
Control (water)
* Means

1.61 %cdef±42.95
2.74 %hi±31.84
0.14 %fghi±36.83
3.83 %ghi±32.03
2.59 %defg±41.76
1.26 %cde±48.19
1.92 %cd±50.98
0.71 %k±5.64
1.64 %k±11.24
1.55 %j±21.34
1.44 %ij±29.32
1.11 %efgh±40.21
2.27 %c±51.95

0.96 %efg±51.38
1.13 %g±45.32
0.47 %fg±47.09
2.57 %ef±53.19
0.83 %de±55.49
0.65 %cd±62.06
0.71 %bc±67.13
1.03 %j±12.25
1.67 %ig±18.69
0.98 %i±25.90
1.84% h±35.59
0.52 %fg±47.97
3.22 %b±69.98

2.12 %efg±54.91
1.79 %gh±49.96
0.58 %fg±50.85
1.77 %cd±64.71
2.15 %bcd±67.08
0.86 %cde±63.47
0.64 %bc±71.90
0.69 %k±14.35
1.55 %j±26.12
0.31 %ij±33.98
1.11 %hi±41.78
1.20 %def±59.51
1.21 %ab±75.83

2.65 %b±62.82

0.76 %b±72.73

2.51 %a±82.39

1.17 %a±74.01

0.77 %a±80.71

0.97 %a±84.40

0.29 % k±2.64
0.36 %k±2.22

1.44 %j±14.41
0.56% k±2.28

4.11 %de±60.16
0.95 %l±3.06

were compared by Tukey's multiple rangetest at 0.05 level. The similar letters indicate no significant difference.

ison showed that the treatments of Tondexir 3 and 2
ml/L, Bartar soap 1 ml/L), as well as Palizin 2.5 +
Citroloil 5 ml/L 72 hours after the treatment had the
highest effect, respectively and resulted in mortality
of 84.40, 82.39 and 75.83% of two-spotted spider
mites. Like citrus red mite, among different treatments of Dayabon on two-spotted spider mites, treatment of 10 ml/L had a maximum mortality rate at
different times, as for 72 hours 71.90% of adult mites
died. In Envidor chemical insecticide treatment, 24,
48 and 72 hours after the treatment, 2.64, 41.41 and
60.16% of mites were died, respectively (Table 2).
The results presented in Table 3 show that a significant difference is found between different treatments on the citrus red mites, 15 days after the treatment(df = 16, F = 387.326, P <0.001). The highest
mor-tality rate was observed in treatments of Tondexir3 and 2 ml/L + Bartar soap 1 ml/Las well as
Palizin 2.5 ml/L + Citrol oil 5 ml/L and all of them
were 100%, and no significant difference was observed between them. The lowest mortality rate, regardless of the control treatment, was for the treatment of Palizin 1.5 and 2 ml/L, which was 15.82 and
24.88%, respectively. Envidor chemical insecticide
treatment caused 92.7%mortality on eggs, which
was grouped in Group b.
Also, the results of analysis of variance of bioassay of different treatments on two-spotted spider
mites’ eggs showed a significant difference between
different treatments, 15 days after the spray (df = 16,
F = 233.922, P <0.001). The highest mortality rate
was observed in treatments of Tondexir3 and 2 ml/L,

Bartar soap 1 ml/L, as well as Palizin 2 and 2.5 ml/L
+ 5 ml of Citrol oil per liter and all of them were
100% and no significant difference was observed between them.
Among the combined treatments (Palazin 1.5,
2 and 2.5 ml/L, Palazin 1.5, 2 and 2.5 ml/L + Citrol
oil 5ml/L), the results showed that when Palazin and
Citrol oil are combined, the effect was increased. As
the concentrations of Palazin 1.5, 2 and 2.5 ml/L resulted in mortality of 36.86, 46.69 and 65.40%, respective-ly. However, the same concentrations when
combined with Citrol oil resulted in 77.21, 100% and
100% of mortality of eggs (Table 3).
The knowledge of using selective insecticides for
pests and their natural enemies is very important in
the integrated pest management plan, especially
when compounds are used as pest control tools [17].
The pesticides should be effective on pests, but relatively safe for natural enemies. Also, the knowledge
of combination of natural enemies affecting key
pests and the effects of pesticides on these organisms
is also very important [18]. Previous studies using
the above treatments on two-spotted spider mite
showed that the highest percentage of mortality
(64%) was found at concentrations of Dayabon
10,000 and Palizin 2.5 ml/L + Citrol oil 5 [19]. In
other experiments, using the mentioned treatments
on citrus red mite, the high-est mortality rate was observed in the treatment of Tondexir3 + Bartar soap
1ml/L (91.67%), followed by Tondexir2ml/L +
Bartarsoap 1ml/L (90.48%) [20]. Compared to the
studies conducted by the researchers, in this study, in
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experiments performed on two spot spider mite,
treatments of Dayabon 10 ml/L and Palizin 2.5 ml/L
+ Citrol oil 5 ml/L, mortality rate was 56.04 and
48.54% for 24 hours after the treatment. Therefore,
it can be concluded that the mortality rate of similar
treatments in the present study was less than that of
Toorani and Abbasipour [19]. The reason for this
difference can be the difference in the conditions of
the test in the two comparative studies. For example,
the mites tested in the researchers' studies were collected directly from citrus and strawberry gardens,
and treatments were applied. However, in the present
study, the mites were reared for a generation in the
laboratory and then tested. This indicates that rearing
a pest, surrounding environment and type of feeding
can affect its resistance to pesticides. In this study, in
contrast to the studies conducted by the researchers,
in experiments performed on citrus red mite, the
mortality rate was 74.01%for Tondexir3 mg/L +
Bartar soap 1 mg/L, as well as 62.82%for the treatment of Tondexir2 ml/L + Bartar soap 1 ml/L.
The results of the comparison of the mortality
rate of the larvae of citrus leaf miner, Phyllocnistiscitrella showed that 24 hours after the treatment
with Tondexir, Sirinol, and Palizin, 2000 ppm combined with 5,000 ppm Volk oil and 750 ppm Spinosad with 5000 ppm Volk oil caused 31, 75, 35, 75,
and 76 percent mortality, respectively [21]. In the
present study, Tondexir2 + Bartar soap 1 ml/L and

Fresenius Environmental Bulletin

Palizin 2 + Citrol5 ml/L, respectively, caused
62.82% and 40.21% mortality in two-spotted spider
mite and 80.92% and 43.41% mortality in citrus red
mite, indicating that the mites used in the present
study have a much lower resistance than citrus leaf
miner larvae in Amiri-Besheli [21] study. The reason
for this is the way toxins are used, so that the pesticides of Palizin and Tondexir act in contact and
cause the mites’ mortality. While in citrus leaf miner
larvae test, the larvae were in the leaf tissue and protected relatively by the leaf tissue, so that the tested
toxins had less contact with the larvae, thus, a lower
mortality rate was observed. In the same study, spinosad insecticide caused 76% mortality of citrus leaf
miner larvae, as this toxin also affects the digestive
tract, which causes paralysis of the insect. This insecticide acts through activating nicotinic acetylcholine receptors in the insect's nervous system.
Study of the effect of the plant compounds of
coconut oil (Palizin), garlic oil (Sirinol) extract and
red pepper extract (Tondexir) at a concentration of
2000 ppm in pomegranate gardens of Iran has shown
that the use of the above compounds reduced the
populations of pomegranate aphids, A. punicae by
73, 60 and 55 percent, respectively and the nymphal
and adult population of the pomegranate false spider
mite, Tenuipalpus punicae Pritchard and Baker, by
85, 80 and 85 percent, respectively [22]. According
to studies conducted in vitro, LC50values of the two

TABLE 3
Mean (±SE) mortality percentage of the two-spotted spider mite, T. urticae and the citrus red mite, P. citri
eggs treated with different chemical and botanical compounds at 15 day after treatment.
Mean (±SE) mortality after 15 day
Treatment
P. citri
T. urticae
dishwashing liquid (Ave) 10 ml/L
1.69 % ef±40.98
1.47 % e±53.78
Dayabon 5 ml/L
1.92 % gh±31.88
1.26 % h±27.49
Dayabon 6 ml/L
1.81 % efg±38.58
0.93 % fg±37.15
Dayabon 7 ml/L
2.05 % e±44.10
1.07 % e±52.20
Dayabon 8 ml/L
0.79 % d±62.34
1.18 % cd±67.51
Dayabon 9 ml/L
0.76 % cd±64.23
1.43 % bcd±71.62
Dayabon 10 ml/L
0.62 % b±81.62
1.93 % b±80.68
Palizin 1.5 ml/L
0.93 % i±15.82
1.02 % gh±36.86
Palizin 2 ml/L
2.62 % h±24.88
1.34 % ef±46.69
Palizin 2.5 ml/L
1.31 % fg±35.47
1.60 % d±65.40
Palizin 1.5 ml/L + Citrol oil 5 ml/L
1.11 % ef±41.82
5.91 % bc±77.21
Palizin 2 ml/L + Citrol oil 5 ml/L
1.14 % c±71.80
0.0 % a±100
Palizin 2.5 ml/L + Citrol oil 5 ml/L
0.0 % a±100
0.0 % a±100
Tondexir 2 ml/L + Bar-Tar wetting agent 1 ml/L
0.0 % a±100
0.0 % a±100
Tondexir 3 ml/L + Bar-Tar wetting agent 1 ml/L
0.0 % a±100
0.0 % a±100
Envidor 0/5 ml/L
3.85 % a±92.07
2.0 % b±80.24
Control (water)
0.31 % j±1.99
0.76 % i±4.76
* Means

were compared by Tukey's multiplerangetest at 0.05 level. The similar letters indicate no significant difference
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red pepper extract, Capsicum annum and garlic extract for cotton melon aphids, Aphis gosspii were
135.74 and 140.69 ppm, respectively, and 448.55
and 473/11 for two-spotted spider mite,T. urticae indicating a higher efficiency of pepper extract [23]. In
the studies by Seifi et al [24], new plant pesticide
Dayabon contact toxicity was studied at nymphal
and adult stages of two spot spider mite at concentrations of 5000 and 8000 ppm, and the mortality was
counted 24 hours after the treatment. The mortality
percentage at the concentration of 5000 ppm at nymphal and adult stages was 50 and 5.62%, respectively, and 66.81 and 66.80% at the concentration of
8000 ppm, respectively, with a sig-nificant difference with the control. The effect of this pest egg was
studied at a concentration of 8000 ppm on one, two
and three day eggs for ten days, which showed a significant difference with the control and 7.49% of
eggs were not hatched. The experiment also showed
that no significant difference was found be-tween
egg ages and mortality percentages. Therefore, Dayabon can be used as a healthy acaricide in two spot
spider mite control programs [24]. The researchers’
results showed that, as with the present study, Palizin
and Tondexir (garlic and pepper extract) have a high
efficiency in reducing the population of mites and
cause a high percentage of mortality, as the pest body
infection with these compounds causes problems in
gaseous metabolism and metabolism, as well as destruction of the body's integument of pest, and mortality in the long run.

CONCLUSION
The used pesticides and environmental damages caused by the use of broad-spectrum toxins
used in the last few decades against these pests require new control methods to replace common pesticides and, on the one hand, cause no damage. On the
other hand, the elimination of natural enemies of
pests, other envi-ronmental damage, as well as the
residual of these toxins in agricultural crops, which
can lead to severe diseases such as cancer, is one of
the disadvantages of using these toxins. The northern
provinces of the country have the highest levels of
pesticide use as agricultural centres. The study results indicate that plant pesticides used are capable
of controlling citrus red mite and two-spotted spider
mite at a desired level. According to the results,
Palizin 2 and 2.5 + Citrol oil 5 ml/L and Tondexir
concentrations with Bartar soap as well as Dayabon
10 mg/L treatment in addition to effective control on
adult stages of the mites, they produced the highest
percentage of mortality in the eggs, so they could be
a suitable substitute for other high-risk chemical toxins.
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MEAT YIELD AND SHELL DIMENSIONS OF
CHAMA PACIFICA BRODERIP, 1835 COLLECTED FROM
THE GULF OF ANTALYA IN TURKEY
Raziye Tanriverdi*
Turkish Coast Guard Command, .RQ\DDOWÕ, Antalya, Turkey

generally flat. The outer colour usually varies,
from white to pinkish-red with pale-rose blotches
around the shell boundary; the backbones are often
white [3, 5].
C. pacifica has separate sexes and fertilization
is external [3]. It has a single, annual, depending on
breeding season temperature, usually occurring
during spring and summer when the water
temperature is more than 21 °C. This prolonged
spawning period contributes in part to the the
success of the new environment [6, 3].
In this study was aimed to investigate meat
yield, shell dimensions, allometric correlations and
sex-ratio of C. pacifica in the Gulf of Antalya in
order to determine its potential use as an important
food source.

ABSTRACT
In this study, specimens of C. pacifica
displayed total shell legths of 1.9 to 6.9 cm, mean
4.9±0,039 cm and total weights of 12.29 to 295.87
g, mean 122.7±2.695 g. The relationship of total
shell length and total shell weight was determined
as TW = 4.8166*TSL 1.988 (R2= 0.5003). C.
pacifica's high meat yields were found in autumn,
winter and spring. C. pacifica had a high proportion
of females in the population. This research revealed
the meat yield, shell dimensions, allometric
correlations and sex-ratio data of C. pacifica in the
Gulf of Antalya and its potential use as an
important food source.

KEYWORDS:
Chama pacifica, Pacific jewel-box, meat yield, shell dimensions, allometric correlations, sex ratio

MATERIALS AND METHODS
Sampling. This study was carried out the Gulf
of Antalya
(between
36052'54.49'N
and
30041'37.67'E). C. pacifica were collected by scuba
diving at 3-8 m from study area. Quarterly at least
50 samples of C. pacifica were taken between the
months of August 2018 and May 2019.

INTRODUCTION
The opening of the Suez Canal in 1869,
allowing the introduction of species from the Indopacific and Red Sea, was the most influx of
invasive species in the Mediterranean [1, 2].
Several of the Mediterranean species were partially
or completely replaced by these invaders [1]. One
of these invaders was &KDPD SDFL¿FD Broderip,
1835 (Bivalvia: Chamidae), which was first
recorded from Egypt in the Mediterranean Sea by
Tillier and Bavay in 1905. This bivalve has settled
in many places in locations of the south-eastern
basin such as Israel, Lebanon, Turkey, Syria and
Greece [3, 4].
C. pacifica lives on hard grounds and rocky
shores, usually on exposed areas from the tidal zone
down to several metres’, sometimes to 40 m depth
[3]. Its shell has a strong irregular outline from
suboval to subcircular, with longer or narrower
forms as reported. It is a very large bivalve species
that can reach up to 10 cm in the length and width
of the shells. Its shells are sturdy and the valves are
of different sizes. The left lower valve is generally
wider than the right valve which is at the top and is

Determination of allometric relationships.
C. pacifica individuals were brought to the
laboratory immediately after collection and fouling
organisms were taken from their shells (Figure 1).
The total shell length (TSL) (the maximum length
along the anterior-posterior axis), the total shell
width (TSW) (maximum distance on the lateral
axis) and the total shell height (TSH) (from the
umbone area to the opposing valve margin) of the
C. pacifica were measured by a caliper to the
nearest 0.1 mm. The total weight and flesh weight
were determined by using a digital balance with an
accuracy of 0.01g. For flesh weight measurements,
all specimens were opened using a hammer and the
flesh removed with a scalpel.
Shell lengths and weights relationships were
calculated according to the allometric equation:
Weight= a* sizeb using the least square regression
analysis of Microsoft Excel software.
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FIGURE 1
The large Pacific jewel-box (Chama pacifica) from the Gulf of Antalya.
The TSL-TW relationship of C. pacifica was
calculated as TW = 4.8166*TSL 1.988 (R2=
0.5003) (Figure 2). The TSL frequency distribution
was given in Figure 3.
In this study, allometric relationships between
body measurements (TSL, TSH and TSW) and
weight were examined in the Gulf of Antalya. TSLTW relationships were calculated and b value was
found to be less than three. These results
demonstrates that this species shows negative
allometric growth in sampling area. Nonetheless, b
values may be affected by seasonal nutrient
availability and reproduction activity [8, 12]. All
the allometric relationships between shell
mesurements and total weight are given in Table 2.
The relationships between TSL/TW (R2=0.5003),
TSL/TSW (R2=0.6127), TSL/TSH (R2=0.5725),
TSW/TSH (R2=0.6347) and TW/FW (R2=0.578)
were high. However, there was not relationship
between TSL and FW (R2=0.363). This result
explained flesh weight did not change much
according to the total shell length growth.
Unfortunately, lack of data on allometric relations
for C. pacifica obstruct us to make a scientific
comparision.

The exponential relationship can be shown by
a linear equation was used because weight is a
strong function of size. This equation can be
explained by the linearized form : log Weight = log
a + b log size.
“Weight” has been related to the total weight
(TW) and total flesh weight (FW). The term
“length” referred to size such as TSL, TSW and
TSH. The intercept is a, while b is the slope [7, 8].
Biometric measurements were analized one-way
ANOVA were used with the software STATIST 7.1.
Kruskal-Wallis test was used to analized weight and
meat yield. All statistical analyzes were evaluated at
the P<0.05 levels (SPPS 15.0) [9].
Sex ratio. Sex of C. paficia was determined
with naked eye and microscope. Total numbers of
male and female were used to calculate the sex ratio
[6].
Specifying of meat yield. Meat yield was
calculated by the following equation; Meat Yield=
[Meat weight (g) / Total weight (g)] x 100 [10, 11].

RESULTS AND DISCUSSION
Meat yield. In this study, mean weight, mean
meat weight and mean meat yield of C. pacifica
were determined to be 136.94±4.583 g,
127.55±5.358 g, 107.12±5.122 g, 103.96±5.486 g;
7.80±0.229 g, 10.37±0.398 g, 9.70±0.500 g,
9.35±0.501 g, and 5.92±0.136%, 8.23±0.296%,
9.11±0.267%, 9.12±0.256%, in summer, autumn,
winter and spring respectively. These results
showed that C. pacifica's high meat yields were
determined

Shell dimensions and allometric relations.
Total shell lengths of C. pacifica ranged from 1.9 to
6.9 cm and total weights from 12.29 to 295.87 g in
the material collected (Table 1). It was found that
the difference in shell dimension values between
the sampling groups was not statistically significant
(p0.05). However, the difference the weight values
between the sampling groups was found to be
statistically significant (p0.05).

Mesurements
TSL
TW
TSW
TSH
FW

TABLE 1
Descriptive statistics of Chama pacifica from the Gulf of Antalya
N
Minimum
Maximum
312
288
312
312
288

1.9
12.29
1.5
2.4
0.74

6.9
295.87
5.7
8.3
20.45

Mean (SE)
4.9±0,039
122.7±2.695
3.9±0.036
6.3±0.049
9.1±0.197

Abbreviations: TSL: Total Shell Length (cm); TW: Total Weight (g); TSW: Total Shell Width (cm); TSH: Total Shell Height
(cm); FW: Flesh Weight of C. pacifica (without shell) (g).
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FIGURE 2
The TSL-TW relationship of Chama pacifica collected from the Gulf of Antalya.

FIGURE 3
TSL frequency distribution of Chama pacifica from the Gulf of Antalya.
TABLE 2
Allometric relationships of Chama pacifica between body measurements (total shell length, height and
width) and weight in the Gulf of Antalya:
Relationship
n
a
b
R2
TSL on TW
312
4.8166
1.988
0.5003
TSL on TSW
312
0.9358
0.8914
0.6127
TSL on TSH
312
1.8924
0.7545
0.5725
TSL on FW

288

0.5977

1.6601

0.363

TW on FW

288

0.232

0.7569

0.578

TSW on TSH

312

2.4467

0.6977

0.6347

Abbreviations: TSL: Total shell length (cm); TW: total weight (g); TSW: Total shell width (cm); TSH: Total shell height
(cm); FW: flesh weight of C. pacifica (without shell) (g).
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FIGURE 4
Total shell length frequency distribution by sex of Chama pacifica from the Gulf of Antalya.
in autumn, winter and spring. The weight and meat
yield values between the sampling groups was
found to be statistically significant (P  0,05). The
mean weight, mean meat weight and mean meat
yield of C. pacifica were found to be 122.73±2.695
g, 9.051±0.196 g and 7,70±0.134%. With regret, no
data is available to compare these results. But the
mean, the lowest and the highest meat yields of
Ostrea edulis in the Dardanelles was determined as
11.53±0.56%, 5.91±1.10% and 26.24±025%,
respectively [13]. The lowest and the highest values
of O. edulis in the Marmara Sea was found to be
7.38% in July and 15.11% in March, respectively
[14]. The lowest and the highest meat yields of O.
edulis in the Aegean Sea were recorded as 9.49% in
July and 14.83% in September, respectively [14].
The lowest and the highest meat yields of O. edulis
LQ WKH ø]PLU %D\ $HJHDQ 6HD were observed as
5.21±0.65% in February and 20.42±3.42% in April,
respectively [15]. These results showed that the
average meat yield of C. pacifica was remarkable.
For both species, the meat yields were observed to
be the lowest in the summer. While C. pacifica's
high meat yields were found in autumn, winter and
spring, the highest value was spring. The highest
values for O. edulis were found to be autumn in the
Aegean Sea, spring in the Marmara Sea and in
Çanakkale. In bivalves, meat yield is dependent on
the environment, breeding season, feeding regime
and species [8, 12].

exogenous steroids, temperature, food availability
and pollutants were found to affect on the sex ratios
[16].

CONCLUSIONS
C. pacifica is one of the highly effective alien
and cryptogenic marine species reported on
ecosystem services or biodiversity [17]. Scientific
informations on the meat yield, biology and growth
characteristics are missing for the surrounding
waters of Turkey and Mediterranean. In this study
was examined the meat yield, the shell dimensions,
the allometric correlations and the sex-ratio of C.
pacifica in the Gulf of Antalya in order to
determine its potential use as an important food
source for balanced nutrition. Moreover, the intense
population of C. pacifica in the Antalya Gulf was
observed on hard grounds (Figure 5). Although this
species is not yet consumed as a food source in
Turkey, the mean meat yield was remarkable. Of
the most high market valued species for the seafood
sector is oyster in Mediterranean [18, 19]. The total
sea catch in and Turkey the world were declined
[18, 20]. These results show that C. pacifica has an
important potential not only to be a food source, but
also creates profit for fishermen.
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FIGURE 5
Chama pacifica on the rock in the Gulf of Antalya.
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FOOD INFLATION IN TURKEY AND THE VICIOUS CYCLE
IN AGRICULTURE:
STRUCTURAL PROBLEMS
Gulsen Keskin*
Hatay Mustafa Kemal University Agriculture Faculty, Department of Agricultural Economics, 31001 Antakya, Turkey

At the same time, such small farms are the main agricultural producers not only in Turkey but also in
the rest of the world, and the effectiveness of cooperative organizations on the market is a basic difference in countries with developed economies. Another important distinguishing point of Turkey is that
it has a geography and climate which are conducive
to the production of labour-intensive products with
high added value such as fruit and vegetables. Relations and harmonization with the European Union
have also necessitated changes and transformations
in the economy and the agricultural sector as well as
in social structure in Turkey. In this process, the strategically important agriculture law, seed law and
bio-security law were passed and it is forbidden to
sell food products that do not comply with the law
on biosafety in case they are concluded to contain
GMO [2].
Although the agricultural sector in Turkey has
many advantages, it also has important problems.
One long-discussed problem is the organization of
small farms and producers who have no effect on the
market. The first radical intervention to change agricultural structure began in 1945 with land reform and
continued with later land and agricultural reforms,
but which ended in failure. Finally, the Agricultural
Reform Implementation Project (ARIP) was started
as the result of an agreement with the World Bank in
2000, which brought radical changes to the support
system [3]. This project was presented as an agricultural reform with great expectations, but in fact it
was just a beginning to solving the problems of agriculture in Turkey. One of the aims of the project, the
restructuring of the Agricultural Sales Cooperative,
did not result in a positive change. ARIP did not
solve any problems in agriculture, and structural
problems continued to increase.
In the past two years, price increases have accelerated in Turkey, with single-figure inflation rising
to 11% in 2017 and to above 20% in 2018, making
agriculture and the economy once again main points
of discussion. An important factor in this inflation
has been the contribution of food and agricultural
products. In this regard, the Committee for the Monitoring and Evaluation of Food and Agricultural
Products was set up under Prime Ministry Regulation No 2014/20 published in the Official Gazette No
29200 of 9 December 2014. Increases in the price of

ABSTRACT
Since 2017, inflation in Turkey has reached
double figures, and food inflation has occurred at a
higher rate than general inflation. For this reason,
economic and agricultural authorities have focused
on the reasons for the increase in the prices of food
and agricultural products, and it has been noted that
structural problems in agriculture play a basic and
significant role in this increase. Basically, long-term
problems have recently begun to show their effects.
One of the main reasons for this is the important
changes in the support system after 2001, and the ineffectiveness of producers’ organizations in the agricultural markets. Thus, economic organization of
producers into a cooperative system is of particular
importance at this stage. In order to achieve this, it is
necessary to carry out educational activities to
change producers’ perceptions of cooperatives, and
to take measures to encourage an increase in their effectiveness. This study examined the structural problems causing the price increases in food and agricultural products, and focused in particular on producer
organizations which could relieve the problems and
disadvantages suffered by small businesses.

KEYWORDS:
Food inflation, structural problems, small agricultural
businesses, producer organizations, food security, sustainability

INTRODUCTION
The agricultural sector, in Turkey as in the rest
of the world, is one of great economic, social, cultural and strategic importance. It is therefore a sector
which is protected by various kinds of support in
both developed and developing countries. In Turkey,
there are currently three million farms, with an average size of six hectares and employing five million
people. As well as meeting the needs of the family,
these farms feed the population of the country and
contribute to almost 9% of the national economy [1].
Farms of less than five hectares, which are classified
as smallholdings, make up 65% of farms in Turkey.
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food and agricultural products and the acceleration
of this in recent years have started more discussion
of the important role of structural problems in agriculture, including in academic studies. At the head
of these structural problems are the small size of the
farms, population pressure on agriculture, producers
not taking an active role in the market, and especially
the ineffectiveness or weakness of economic organizations [4]. Small and fragmented farms and lack of
cooperation are generally stated as the main reasons
for agricultural food losses and food losses during
harvests and in storage translate into lost income for
small-scale farmers and into higher prices for poorer
consumers [5]. Food losses and waste can be an environmental and economic problem if not managed
properly but it can meet various demands of a country if it is considered as a resource [6]. Because it has
not been possible to solve these structural problems
in agriculture, the resulting food inflation has exceeded general inflation. In fact, a significant proportion of the structural problems experienced in agriculture can be solved by overcoming the ineffectiveness of economic associations. Therefore, effective economic organization is important in order to
remove the disadvantages of small farms, and for
them to be strong in the market.
The aim of this study was to examine the structural problems which are part of the reason for the
increase in food inflation, and in particular the problem of the small farms which dominate agriculture,
and producer organizations. In this regard, we discuss whether small farms are a problem or in fact an
opportunity, and we focus on the importance of cooperatives in overcoming structural problems in agriculture.
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economy of scale and organization in agriculture,
and secondary data on this topic. In this regard, data
was used from the Turkish Statistics Institute, The
Central Bank of Turkey, the Ministry of Agriculture
and Forestry, the Ministry of Trade and Eurostat, and
studies relating to the topic were examined.

RESULTS
Food Inflation in Turkey. In the past few
years, Turkey has experienced rapidly increasing inflation, particularly in food and agricultural products, making it important to monitor prices closely
and to examine the structural elements causing the
price increases [7] (Table 1). The high proportion of
the price of food in the consumers’ shopping basket
and the greater fluctuation of prices have meant a
greater effect of food inflation in terms of level and
variation [8] (Table 1, Figure 1). The rise in the inflation of the prices of food and agricultural products
compared with general inflation became especially
clear after 2013, and since then the difference has
continued to increase (Figure 1). The changes made
in the support system after 2001 had an effect on this:
significant changes were made under the Agriculture
Reform Implementation Programme (ARIP), supported by the World Bank, between 2000 and 2008;
meat imports began in 2010 and later there was much
discussion of the increasing problems in agriculture.
Revisions made under ARIP were to apply direct income support to those not involved in production, to
remove in stages price and input supports, and to reduce government intervention in the processing and
marketing of agricultural products by privatising
government agricultural businesses [3,9]
The most important factor affecting consumer prices
in the food basket is the price paid to the producer
and the amount of a product offered for sale within
the country [11] Aside from seasonal conditions,
food price inflation in Turkey is also affected by significant structural problems, creating rigidity [8]. In
this way, volatility in the prices of processed food is
greater, and the principal structural elements affecting non-seasonal variation are as follows [10,12,13]:
1. Because of the small scale of production,
production is limited by various conditions in terms
of quantity and quality, resulting in significant fluctuation in supply
2. Inadequacy of knowledge infrastructure
3. Ineffectiveness of producer organization in
the market
4. Instability in the government support/incentive system
5. The pattern of consumption
6. Fluctuation in external demand
7. The price structure of imported goods

MATERIALS AND METHODS
In this study, an examination was made of the
role of producer organizations in reducing the negative effects of the high food inflation in Turkey especially in the years 2017 and 2018, and the structural problems which caused it. In this regard, small
farms, which are seen as one of the most important
structural problems in agriculture, were considered,
together with cooperatives, which are an economic
organizational model in producer organization. An
overall examination was made of the problem of
small farms, taking into account national and international studies, focusing on the question of whether
these farms were a threat and a problem to agriculture, or whether they constituted an opportunity. The
structural problems causing food inflation in Turkey
were examined, and the positive contributions of
producer organization both for small farms and for
inflation were researched. The main material of the
study consisted of national and international studies
on inflation, food inflation, structural problems,
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Basket share of product weightings (%)

Share of main
expenditure
groups (%)

TABLE 1
Main expenditure groups and item weightings (2019)
Expenditure group
Food and non-alcoholic beverages
Accommodation
Transport
Other

2010

2015

2019

27.60
16.80
13.90
41.70

24.25
15.79
15.38
44.58

23.29
15.16
16.78
44.77

Products
Wheat flour
Bread
Veal
Lamb
Chicken
Milk
Yoghurt
White cheese
Sunflower oil
Tomatoes
Onions
Potatoes
Olives
Tea
Total
Total of food and non-alcoholic beverages

Share of the basket (%)
0.40
2.11
1.81
1.01
0.88
0.67
0.53
0.82
0.52
0.82
0.23
0.51
0.48
0.49
11.28
23.29

Source: [1]
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FIGURE 1
Increase in consumer price index (2003 = 100)
Source: [1,10]

In 2014, the Food Committee was set up to
monitor the food products market and to achieve
price stability. It focused on structural areas, and various structural measures were taken and revisions
were made. These were to improve to logistics process of fruit and vegetables, to develop and extend
the system of licenced storage, to encourage and extend producer associations, to oversee middlemen in
the food market, and to ease access to agricultural
financing [14,15]. In general, the number of middlemen making up the product market does not exceed
two or three in developed countries, and these are
mostly producer organizations, whereas in Turkey

this number rises to 4-5 for plant products and 6-7
for animal products [16,17]. For this reason, an excessive number of middlemen, and inadequate participation of producer organizations in the chain, in
addition to the already high production costs, cause
a rapid increase in prices, from which the middlemen, not the producers, benefit [16,18,19].
Are small farms a threat or an opportunity?
The most commonly used criteria in defining small
agricultural businesses are physical size, economic
size and participation in the market [20,21,22,23].
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The criterion of market participation can only be determined by detailed research, and there are significant weaknesses in the criterion of physical size, so
that the criterion of economic size is seen to be the
most suitable for determining small businesses. At
the same time, farms of less than five hectares in
physical size are generally accepted as smallholdings
[21,22,24]. According to European Union data for
2016, farms of less than five hectares constitute a total of 64% of farms and 6% of worked agricultural
land [25]. In Turkey, mean farm size is six hectares,
and farms of less than five hectares constitute 65%
of all farms and 21% of worked agricultural land [1].
Production activities are conducted on most
small farms by family labour, the use of credit and
input is low, and there is little external dependency.
Therefore, it is expected that small farms will be less
affected by economic crises [26,27]. Another important characteristic of small farms is that they are
mainly concerned with horticulture, fruit gardens, olives, and mixed farming. Farms growing horticultural crops, fruit, vegetables, wine and other special
crops can achieve a high volume of production in a
small area [23,28]. In many studies, a close correlation has been found between the type of farm and
area yield. According to these studies, small farming
businesses make up low investment with greater labour, and so produce more food per hectare with less
capital, surpassing the large industrialized businesses [20,29]. In this way, their low production
costs enable them to supply important basic food
items at a low cost to meet the needs of the low-income urban population [20].
Agriculture is a sector which employs mostly
women, and particularly on small farms most of the
labour-intensive work is undertaken by women.
Work done by women is more centred on the home,
and is seasonal, part-time or unpaid, and because the
products of this labour – food and clothing – is
mostly consumed immediately, it is not perceived as
having created any economic value. At the same
time, the work of women and unemployed people as
an alternative source of income is important in increasing income in rural areas. Also, an improved infrastructure and suitable incentives can open up the
market to small farms with the potential to create
high value [20,30,31]. For this, there is a need for
production costs not to rise and for speedy, concrete
incentives and suitable political measures. Agricultural activity for small farms is currently important
socially in order to meet families’ needs and to prevent uncontrolled migration to the cities. These
farms at the same time help to preserve local
knowledge and to provide for the continued use of
natural resources. Thus it is important from an ecological, economic and social viewpoint to ensure the
sustainability of family farms [32].
Providing food security for small agricultural
businesses is also another important topic. This at the
same time necessitates people’s income levels being
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sufficient to buy food [33]. The level of income
earned by producers active in the area of agriculture
and its continuity allows accessibility or purchase,
which are the economic dimensions of food security.
This is generally obtained by increasing the longterm income, capital and participation in the market
of producers experiencing impoverishment when
caught between high costs and low product prices
[34,35]. The reasons for the low participation in the
market of small agricultural businesses are operation
costs, difficulty in achieving agricultural standards,
and the fact that they themselves consume what they
produce. Cooperative approaches can help to reduce
operation costs and to improve market participation
[30].
The income derived by small farms from agricultural activities is lower than that from other activities. This exposes such problems as how small
farms will develop, grow, and turn into strong successful businesses, and how they can improve their
income [24]. As well as views that small farms are
uneconomic and cannot compete, there are also supportive, positive views. The most important of these
are that they protect against poverty, they provide
food, and they provide diversity and ecological benefits [21,22]. Small farms are dependent not only on
economic development, but also on political and
property policies and on culture, and their continued
existence and functioning in the future is important
for rural areas [22]. In Turkey, agricultural activities
are carried out on small and very divided pieces of
land, and income is low [36]. For this reason, important policy changes were made in 2014 regarding
land ownership in Turkey, and legal revisions were
made to prevent the further division by inheritance
of agricultural land which was already very divided.
The aim of this was to prevent the division of farms
below a certain regionally decided limit [37].
In the light of these evaluations, it is seen that
agriculture, with its different structure from other
sectors, is relatively less affected by crisis, and
measures can be taken to turn recession in the economy as whole into something positive [26]. The vision of the Tenth Development Plan period with regard to the efficiency of Turkey’s agricultural structure and food security was stated as “a sustainable
agriculture sector, with high international competitive strength, based on food security and food reliability”. The existence of small family farms was
stated as among the means available to achieve this
[38]. Small-scale production is not generally preferred [39], but despite all arguments, these businesses continue to exist in agriculture because of the
lack of employment opportunities outside agriculture and low education levels [21,22,32,40]. In this
way, they can continue their existence by at least
meeting their own needs and with an income contribution to some extent supplied from other areas. Recently, the principle of the unconditional priority of
large businesses has been laid aside and the growth
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potentials of small to medium-sized businesses has
started to be considered, particularly the producers
of high value-added products. The necessity of institutional intervention in order for small and mediumsized businesses to be able to compete on world markets alongside large businesses has been stated [34].
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fectiveness in agricultural markets. The share of cooperatives in agricultural markets is 2%, and their
share in the processing of agricultural products is between 1% and 10% [17,42]. Difficulties experienced
particularly with non-agricultural cooperatives, and
in general the perception that gaining an effective
position in cooperatives is linked to politics and economic power, has been the cause of prejudice against
cooperatives, and has reduced the effectiveness of
the cooperative movement. Agricultural cooperatives have been affected by these developments, and
the Agricultural Cooperatives and the Producers’
Associations set up with law No 5200 in 2004 have
not had the expected results Table 2 shows the structure of producers’ organizations in Turkey, drawing
attention to the weakness of the higher organization
of cooperatives despite the large number of producers’ organizations and their partners or members.

The problem of organization in agriculture.
The cooperative movement began in Turkey in the
2WWRPDQSHULRGZKHQ0LWKDW3DúDVHWXSthe HomeODQG )XQGV 0HPOHNHW 6DQGÕNODUÕ  LQ  ,Q WKH
Republic period, Atatürk contributed greatly to the
foundation and spread of cooperatives, and from
1920 until his death, he provided leadership in
thoughts and actions [41]. Although the cooperative
movement has a long history in Turkey, it has not
been able to show the desired development and ef-

TABLE 2
The organizational structure of producers in agriculture in Turkey (2019)
Type
1. Cooperatives
Agricultural development
Irrigation
Aquaculture
Beet growers
Agricultural credit
Agriculture sale
Production marketing
Fresh fruit and vegetables
Total

Number of cooperatives
6,815
2,446
557
31
1,625
399
428
37
11,873

Number of
associations
2.Producers’ associations
Animal production
572
Plant production
246
Aquaculture
30
Organic products
29
Total
877
3.Reform oriented farmers’ associations
Cattle breeding
81
Sheep and goat breeding
80
Bee-keeping
80
Water buffalo breeding
29
Poultry
6
Total
276
Number of
chambers
765
4.Chambers of agriculture
5. Other
Egg producers’ sub-associations
Irrigation associations
Farmers’ associations
Agriculture foundations
Product councils
Source: [43].

Number of
partners
748,624
299,264
30,652
1,409,721
907,233
533,456
18,845
3,142
3,928,950
Number of
members
325,310
21,731
1,193
2,418
350 652

Member
associations
96.15
10.16
60.00
68.53

7
386
525
14

241,541
249,018
72,140
8,721
759
572,179
Number of
members
4,893,585
Number of
members
31,913
611,000
227,500
2,500

8

844

Number
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Participation in the cooperative central association (%)
Number of cooperatives
Number of partners
83.21
95.31
25.43
29.88
35.91
37.87
100.00
100.00
68.37
43.82
Proportion of higher organization (%)
Members
83.92
12.91
74.43
79.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
98
100.00
Proportion of higher organization
(%)
100.00
100.00
Proportion of higher organization
(%)
100.00
100.00
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Agricultural cooperatives in Turkey are organized
into 11 873 unit cooperatives, 154 regional associations and eight central associations [43] (Table 2).
Nevertheless, the low participation in higher organizations, inadequate and ineffective higher organization, and the inability of cooperatives to work together adequately and at every level are elements
which reduce the effectiveness of cooperatives in the
markets [44]. Agricultural financing is largely proYLGHGE\=LUDDW%DQNDVÕDQGWKH$JULFXOWXUH&UHGLW
Cooperatives (TKK), the TKKs coming second after
=LUDDW%DQNDVÕZLWKDVKDUHRI,WLVDQLPSRUWDQW
deficiency in agricultural financing that a cooperatives bank has not yet been set up in Turkey [17].
In Turkey, the organization model in the area
of agriculture consists of public organization and organization into producers’ cooperatives, associations, societies and unions. In the organization of
producers in general, cooperatives include the economic organization of farmers, producers’ associations and political, steering and lobby-forming organizations, and Chambers of Agriculture include
professional organizations forming a bridge between
farmers and the government [17,45]. The most widespread organization at national level is achieved by
the Chambers of Agriculture, with 765 chambers and
nearly five million members (Table 2).
The use of technology by the small agricultural
businesses which predominate in agricultural activity is low, and the capital is inadequate. Also, agricultural products spoil quickly, they cannot be stored
for long without processing, and the possibility of
transporting them is limited. This makes organization all the more important, because producers on
their own cannot stand up to exporters, industrialists
and merchants, so that if they cannot meet previously
agreed production, they are obliged to sell at the
price which has been given [46]. Producers are not
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strong enough to form policies on agriculture and influence the product, input and credit markets, and the
development of organizations and reaching targets
will be limited without sufficient adequate deliberate
organization [47].
The basic difference from the EU is shown on
this point. For this reason, it is important to remove
the disadvantages of small farming businesses and
assure the continuity of these businesses by assuring
the economic organization of producers. Thus, the
following will allow consumers to obtain food and
agricultural products at more reasonable prices:
 The need for technical information and education
 Obtaining input at a reasonable price
 An increase in credit facilities
 A reduction in production costs
 Easing conformity to quality and standards
 Making it possible for producers to access
storage, packaging and processing facilities as well
as refrigerated transport
 Making producers effective in marketing
 Reducing middlemen
 Increasing competitive power, and
 Acceleration of producer reform
In Turkey, there are many problems which hinder the development of agricultural cooperative organization. At the head of these is the low level of
education of the partners, inadequate cooperative
culture and awareness, and inability to completely
agree on the contributions and benefits of economic
cooperation [44]. The low education level of producers and their relative lack of understanding of organization has resulted in a vicious cycle of repeated
structural problems, which it has not been possible
to break at any point (Figure 2).

Producers
’ low
education
level
Poor
awareness
of
organization

Small scale
production

High
costs

Deficiency in
saving and
investment
Low
income

FIGURE 2
The vicious cycle of structural problems of agriculture in Turkey
Source: Autor

11107

© by PSP

Volume 29 – No. 12A/2020 pages 11102-11110

Fresenius Environmental Bulletin

[5] 7DWOÕGLO))'HOODOø%D\UDPR÷OX=  
Food losses and waste in Turkey Country
Report. FAO. 1-71.
[6] Salihoglu, G., Salihoglu, N. K., Ucaroglu, S.,
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Republic of Turkey Ministry of Trade, May
2017, Ankara. (in Turkish)
[19] Keskin, G., Dönmez, D., Canik, F., Yüksel,
N.Y., Sancak, A.Z. (2014). Determining the
issues confronted by technical staff considering
cost-calculation and implementation of surveys
on plant products in Turkey. Journal of Tekirdag
Agricultural Faculty. 11(3), 110-118. (in
Turkish with English Abstract)
[20] Hoerig, U. (2015). Small farms, big potential
Retrieved from http://www.globe-spotting.de/
fileadmin/user_upload/globe-spotting/
agriculture/ Kleine_Hoefe.pdf. (in German)

CONCLUSIONS
Since 2013, food inflation has been higher than
general inflation in Turkey, and the difference between the two has steadily increased. In the past two
years, inflation has reached double figures and the
share of agricultural products in this has been high,
making the structural problems of agriculture a main
point of discussion. Among the important basic elements of these problems are the problems of small
businesses caused by economic scale, and of organizing them. Literature on the topic generally states
that small businesses are not economic, that they
cannot compete, that their integration into the market
is very low, and that they cannot secure an adequate
income. On the other hand, there are views that the
existence of many small farms provides important
social and cultural services and benefits, and for this
reason they should be seen not as an economic problem but as a vehicle for the development of rural areas. From this, it is seen that small farms have a sustainability problem, and that they have worries concerning food security. Small agricultural businesses
are leading actors in agricultural production, not only
in Turkey but all over the world. However, the primary difference from economically developed countries is producer organization. Because organization
has not been effective in Turkish agriculture, farmers
generally sell their products at a low price, and pay a
high price for inputs. For this reason, and with regard
to producers’ education, cost reduction, and gaining
bargaining power and competitive strength in the
market, incentives must be given to increase the effectiveness of cooperatives. In this way, the positive
aspects of small businesses will be increased by removing their disadvantages, and they will be able to
be effective in the agricultural markets. Turkey’s climatic and geographical conditions allow labour-intensive fruit and vegetable production, so that a further advantage of small farms is their ability to produce high-value goods.
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DETERMINATION OF THE EFFECT OF SALT (NaCl)
STRESS ON GERMINATION OF OAT (AVENA SATIVA L.)
SEEDS PRETREATED WITH GIBBERELLIC ACID
Fevzi Altuner*
Van Yuzuncu Yil University, Gevas Vocational School, Department of Plant and Animal Production, Van, Turkey

ABSTRACT

INTRODUCTION

The aim of this study was to investigate the effects of gibberellic acid (GA3) applications on germination properties and seedling parameters of
Faikbey variety of oat (Avena sativa L.) seeds under the stress of salt (NaCl). The study was carried
out in 2019 in Van Yuzuncu <ÕO8QLYHUVLW\)DFXOW\
of Agriculture, Department of Field Crops laboratuary. Four different GA3 (control (0), 50, 100 and
200 ppm) and four different NaCl levels (control
(0), 100, 200 and 300 mM) were applied in the
study.
According to the results, the effects of the
NaCl doses, GA3 doses and GA3 x interactions were
significant (p<0.05) on the all germination properties such as the germination power, germination
rate, mean germination time, germination index and
sensititivity index and had also on the seedling
parameters as radicle length, hypocotyl length fresh
radicle weight and fresh hypocotyl were significant
(p <0.05). The effects of salt and gibberellic acid
doses on dry radicle and dry hypocotyl weights
were significant (p <0.05), while the effects of salt
X gibberellic acid interactions were not significant.
In the study, it was observed that germination
properties were negatively affected by increasing
NaCl concentrations and there was no germination
in 300 mM NaCl application. This adverse condition was observed to be controlled with increasing
doses of GA3.
On the other hand, it was found that seedling
parameters such as radicle and hypocotyl length,
which were negatively affected by 67% compared
to the control with 100 mM NaCl application, were
increased by 2 cm compared to control with 50 ppm
GA3 application.

While cool climate cereals occupy an important place in cultivated plants, in these are the
third in the world in terms of oat cultivation area [12]. Oats has about 9,84 million hectares of cultivation area, 23.05 million tonnes of production in the
world [3], while in Turkey has approximately 90
thousand hectares of cultivation area and 210 thousand tons [4].
Many diseases that have emerged in recent
years have led consumers to seek healthier and
more reliable food. For this purpose, oats; due to its
ULFKGLHWDU\ILEHUFRQWHQWȕ-glucan and amino acid
diversity in its structure, it has entered our lives as
an important foodstuff. With this aspect, oats have
been the subject of many studies [5] and their importance as human food is increasing in addition to
animal feeding.
Stress significantly inhibits growth and development in plants and has negative effects especially
during germination process [6-7]. Salinity is one of
the most important biotic stress factors that reduce
the growth and productivity of the particularly
sensitive to salt glycophyte plants. While there are
around 831 million hectares of salinity problems in
the world, 1.5 million hectares this amount is in
Turkey [8]. Salinity, which leads to deterioration of
many physiological and biochemical phenomena,
destroys water relations, ionic hemostasis, gas exchange and mineral uptake in plants [9-10].
Giberellins stimulate the germination of seeds
by stimulating enzymes. Since gibberellic acid
(GA3) promotes germination, GA3 is one of the
most important hormones used to control head
dormancy in seeds [11]. This study was carried out
to investigate the effects of gibberellic acid applications on germination of oat (Avena sativa L. Faikbey variety) seeds exposed to different doses of
salt.

KEYWORDS:
Avena sativa L., Giberellic Acid (GA3), Germination,
NaCl stress.

MATERIALS AND METHODS
This study was carried out in 2019 in Van
YX]XQFX <ÕO 8QLYHUVLW\ )DFXOW\ RI $JULFXOWXUH
Department of Field Crops laboratuary. Faikbey oat
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cultivar obtained from Bahri Dagdas Agricultural
Research Institute was used as plant material.
In the first experiment, the residence time of
the seeds in gibberellic acid was 24 hours, the incubator temperature was set to 24 ° C in the germination place, but no germination occurred in the
seeds. The second experiment was established by
changing the duration time of the gibberellic acid
and the germination place temperature values in the
incubator.
In this study, four different GA3 (0, 50, 100
and 200 ppm) and four different salt levels (0, 100,
200 and 300 mM NaCl) were used. Oat seeds were
first sterilized with 20% (vol / vol) sodium hypochlorite for 5 minutes and then with 70% alcohol
(vol / vol) for 1 second. It was then passed through
7 times of pure water and allowed to dry in a sterile
petri dishes [12]. Three different doses of GA3 (50,
100 and 200 ppm) and control group of oat seeds
placed in distilled water (H2O) were removed from
the solutions and the moisture content was 12-13%
for 12 hours at 25 ± 1 ° C in dark conditions. After
the duration period, the seeds were filtered and two
layers of drying paper were placed and placed in
sterile 9 cm petri dishes diameter as 20 seeds. Subsequently, 5 ml of purified water was applied to the
water requirement of the seeds prepared from the
different doses of NaCl solutions (100, 200, 300
mM) and the control grups. After these applications, the seeds in the petri dishes were placed in
the incubator for germination test at 18 ± 1 ° C.
Initial tests on seeds were determined according to
ISTA (1996) rules. For germination tests, Seeds
were placed between double-layered blotting papers
and continued for 14 days on 4 x 20, suggested by
ISTA [13].
In this study; germination power (%), germination rate (%), germination index (%), mean germination time (cm), sensitivity index (%), radicle
length (cm), hypocotyl length (cm), radicle fresh
weight (mg), radicle dry weight (mg), hypocotyl
fresh weight (mg) and hypocotyl dry weight (mg)
values were determined. Germination rate was
determined 7 days after sowing the seeds and germination power after 14 days. Dry radicle and dry
hypocotyl weights were found after drying the fresh
samples at 70 ° C for 24 hours [12].
(TXDWLRQV RI $NÕQFÕ DQG CDOÕskan (2010) for
germination rate (GR) [14], Wang et al. (2004) for
germination index (GI) [15], Ellis and Roberts
(1980) for mean germination time (MGT) [16] and
Foolad and Lin (1997) for sensitivity index (SI)
[17] were used.

Fresenius Environmental Bulletin

SI= MGT in the salt application/ MGT in the
control application
Data were analyzed statistically by using analysis of variance with COSTAT (version 6.3) software. The variance analysis of data was performed
(ANOVA) and the multiple comparison of the
means was made according to the LSD test [18].

RESULTS AND DISCUSSION
The effects of (control (0) -100-200 and 300
mM) NaC) and GA3 (control (0) -50-100 and 200
ppm) doses on germination and seedling properties
of oat seed were investigated and the results were
discussed below. However, since germination was
not observed in oat seeds treated with 300 mM
NaCl dose, analysis, calculations and discussion
could not be performed for this salinity level.
Effects on Germination Characteristics. Table 1 shows the effects of some doses of gibberellic
acid (GA3) applied on some germination parameters
of under salt (NaCl) stressed oats. Accordingly,
effects of salt doses, gibberellic acid doses and
NaCl X GA3 interactions on germination power
(%), germination rate (%), mean germination time
(day), germination index (%) and sensitivity index
were found to be significant ( p <0.005).
Effects on Germination Power (%). According to the average of salt (NaCl) doses, the difference between germination power was not significant.
According to the interaction of NaCl X GA3
germination power was between 40.00%- 81.67%.
The highest germination power (0-100-200 mM)
was obtained from NaCl X GA3 200 interactions
and the lowest germination power was obtained
from (0-100-200 mM) NaCl X GA3 (50-100) doses.
Interaction of all salt doses with GA3 200 giberellik
acid dose at the highest germination power and
interaction of all salt doses with GA3 (50-100) doses at the lowest germination power were in the
same statistical group.
According to the average of the gibberellic acid doses germination power ranged from 39.58% to
81.25% and the highest GA3 was obtained from the
200 dose average and the lowest GA3 (0-50) dose
average in the same statistical group.
As determined in this study, increased NaCl
concentrations negatively affect germination power
and GA3 applications positively affected to some
degree [12,19-22].

GR= Total seeds germinated after day
14/Total number of planted seeds
*, *, Ȉ *L7W  Germination index; Gi: i.
Days germinated seed rate; Tt: count day
MGT= Ȉ I[ ȈI f: Number of seeds germinated x: germination day

Effects on Germination Rate (%): Salt
(NaCl) doses were between 41.41%-71.16% according to the average and the highest from 0 mM,
the lowest from 200 mM NaCl dose averages were
taken.
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index, and to some extent positive effected from
GA3applications. It has also been identified by
Sanam et al. [26] and Tuncturk et al. [12].

Germination rates of NaCl X GA3 interactions
were between 32.33%. and 96.67%. The highest
germination rate was taken from the interaction of
control (0) mM NaCl X GA3 200 and the lowest
was obtained from the interaction of GA3 0 (control) doses with 200 mM NaCl.
The germination rate of giberellik acid doses
varied between 40.24%-66.23% and the highest
GA3 was obtained from the 200 dose average and
the lowest GA3 0 (control) dose average.
In our study has been expressed that have also
been expressed by Dogan et al., (2016) [23],
Gungor et al. [24], and Oner [25].

Effects on Sensitivity Index (%): According
to the mean of salt (NaCl) doses, sensitivity indices
were formed between 0.29%-0.58% and the highest
100 mM and lowest 0 mM NaCl (control) dose
averages were obtained.
According to NaCl X GA3 interactions, sensitivity indices were between 0.05%-1.29%. The
highest sensitivity index was obtained from 100
mM NaCl X GA3 200 interactions, while the lowest
was obtained from (0-100-200) mm NaCl and GA3
0 doses in the same statistical group.
Sensitivity indices were changed from 0.09%
to 0.96% according to the averages of giberellik
acid doses and the highest GA3 was obtained from
the 200 dose average and the lowest was obtained
from the GA3 0 (control) dose average.
In our research, found that increased salt concentrations negatively affected the sensitivity index,
and that GA3 applications were positively affected
to some extent. It has also been determined by
Sanam et al. [26] and Tuncturk et al. [12].
The effects of NaCl and GA3 doses applied to
oat seeds on germination properties are graphically
seen in Figure 1. In particular, it is observed that the
germination rate and germination power are high in
the control doses that have not been applied to
NaCl. However, due to the increase in NaCl doses,
it is observed that the rate of these properties has
decreased. In the study, the highest dose of NaCl is
used as a 300 mM dose of germination is not seen
at all. For this reason, the dose of 200 mM NaCl
could not be used in the observed parameters and
could not be included in the calculations.
On the other hand, with increased GA3 doses
in parallel with increased NaCl doses, germination
rate and germination strength parameters increase
and 200 ppm GA3 applications this is seen to reach
the highest level.

Effects on Mean Germination Time (day):
According to the average salt (NaCl) doses, average
germination time occurred between 2.70-3.15 days
and the highestfrom control (0) mM, the lowest
100 mM NaCl dose averages were taken.
The average germination times of NaCl X
GA3 interactions occurred between 1.25-4.85 days.
The highest mean germination times were taken
from the same statistical group (0-100-200) mM
NaCl X GA3 200 interactions, while the lowest
mean germination times were from control (0) mM
NaCl X GA3 50, 100 mM NaCl X GA3 (50-100)
and 200 mM X. GA3 50 interactions were included
in the same statistical group.
MGT ranged from 0.348-0.141 mg according
to the mean of gibberellic acid doses and the highest GA3 was obtained from 50 doses and the lowest
was obtained from 200 GA3 doses.
As determined in our study, increasing salt
concentrations negatively affected the average
germination time, while the effects of GA3 applications positively affected to extent was also observed
by Gungor et al., (2017) [24] and Tuncturk et al.
[12].
Effects on germination Index ( % ): According to the salt (NaCl) doses average germination
indices were from 1.96% to 2.11% and the highest
100 mM and the lowest 200 mM NaCl doses were
taken from the averages.
According to NaCl X GA3 interactions, germination indices were between and 1.00%-3.58%.
The highest germination indices were taken from
the same statistical group (0-100-200) mm NaCl X
GA3 200 interactions, while the lowest germination
index was taken from the same statistical group (0100-200) mm NaCl and all GA3 0 (control) doses.
According to the mean of giberellic acid doses,
germination rates were between 1.06% and 3.47%,
with the highest GA3200 dose average and the lowest GA3 0 (control) dose average.
Increased salt concentrations as determined in
our research negatively affected the germination

Effects On Seedling Parameters. The effects
of giberellic acid (GA3) doses applied to oat plants
under salt (NaCl) stress on some seedling parameters are seen in Table 2. Accordingly, the effects of
salt doses, giberellic acid doses and salt X giberellic
acid interactions on root length, hypocotyl length,
fresh root weight and fresh hypocotyl weight were
found to be significant (p<0.005). While the effects
of salt and giberellic acid doses on dry root and dry
hypocotyl weights were significant (p<0.005), the
effects of salt X giberellic acid interactions were
not significant.
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TABLE 1
Effect of gibberellic acid applications on germination in oat (Avena sativa L.) plant under salt stress
Applications
Mean gerGermination Germination
Germination Sensitivty
mination
power (%)
rate (%)
index (%)
index (%)
NaCl Doses
GA3
time (day)
GA0 (con40.25 c
61.33 bc
2.00 d
1.00 d
trol)
Control (T0)
GA50
43.33 c
60.00 bc
2.30 c
1.50 c
0.11 d
GA100
46.67 b
66.67 b
3.45 b
2.28 b
0.38 c
GA200
81.67 a
96.67 a
4.85 a
3.57 a
0.70 b
Means
52.98 A
71.16 A
3.15 A
2.08 AB
0.29 D
GA0 (con41.28 c
52.33 d
1.75 d
1.20 d
0.08 d
trol)
100 mM
GA50
38.33 c
58.33 c
2.15 c
1.37 c
0.34 cd
GA100
48.33 b
65.00 b
2.43 c
2.30 b
0.64 b
GA200
83.33 a
86.67 ab
4.50 a
3.58 a
1.29 a
Means
200 mM

GA0 (control)
GA50
GA100
GA200

Means
300 mM*
GA3 Doses
Means
CV (%)
LSD 0.05

GA0 (control)
GA50
GA100
GA200

52.81 A

65.58 B

2.70 C

2.11 A

0.58 A

42.25 c

32.33 fg

1.25 d

1.00 d

0.05 d

40.00 c
48.33 b
80.00 a
52.64 A

40.00 ef
48.33 de
45.00 e
41.41 C

2.69 c
3.08 b
4.54 a
2.89 B

1.34 c
2.30 b
3.20 a
1.96 B

0.37 c
0.65 b
0.89 ab
0.49 C

40.50 C

40.24 D

1.50 D

1.06 d

0.09 D

39.58 C
47.50 B
81.25 A
6.65
3.22

47.91 C
54.58 B
66.23 A
4.56
3.10

2.44 C
3.10 B
4.65 A
8.36
0.20

1.43 c
2.31 b
3.47 a
6.89
0.15

0.28 C
0.58 B
0.96 A
7.99
0.04

GA0: Control doses, GA50: 50 ppm doses, GA100: 100 ppm doses, GA200: 200 ppm doses.
0mM: Control doses, 100mM: 100 mM salt doses, 200mM: 200 mM salt doses, 300mM: 300 mM salt doses.
* The difference between the mean was evaluated by multiple comparison method LSD (0.05).
** 300 mM NaCl applied in all repeats of oat seeds germination did not occur, so the calculations could not be made.

FIGURE 1
Effect of NaCl and GA3 doses on germination properties of oat seeds
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As determined in this study, increasing NaCl
concentrations adversely affected fresh root weight
and GA3 applications positively affected to some
degree, was also identified by Ali et al. (2012)
[19], Zadeh et al. (2015) [20], Singh and Jakar
(2018) [21], Fardus et al. (2018) [22], and Tuncturk
et al. (2018) [12].

Radicle Length (cm): According to salt doses, root length averages were between 3.31511.262cm and the highest 0 mM NaCl and the lowest 200 mM NaCl dose averages were taken. According to NaCl X GA3 interactions, root lengths
were between 2.126-14,500 cm. In this respect, the
highest radicle-root length was 14.500 cm from 0
mM NaCl x GA3 50 interaction and the lowest root
length was 2.126 cm from 200 mM NaCl x GA3 0
interaction.
Root lengths averaged 5.302-8.158 cm according to giberellic acid doses and the highest GA3
was obtained from 50 doses.
Similarly, found that with increased concentrations of NaCl, root length decreased and increased to some extent by the application of
giberellic acid (GA3), it has also been identified by
Gungor et al [23], Dogan et al. [24] and Oner et al.
[25].

Fresh Hypocotyl weight (mg): According to
salt doses averages, fresh hypocotyl weights were
changed between 0.307-0.954 mg and the highest
was taken from 0 mM NaCl dose average and the
lowest was taken from 200 mM NaCl dose average.
According to NaCl X GA3 interactions, fresh hypocotyl weights were between 0.196- 1.383 mg and
the highest was taken from 0 mM NaCl x GA3 50
interactions.
According to the mean of giberellic acid doses, fresh hypocotyl weights ranged between 0.4680.752 mg and the highest was GA3 50 dose average
and the lowest was GA3 200 dose average.
As determined in this study, increasing NaCl
concentrations adversely affected fresh hypocotyl
weight and GA3 applications positively affected to
some degree, also stated by Ali et al. (2012) [19],
Zadeh et al. [20], Singh and Jakar [21], Fardus et
al. [22], and Tuncturk et al. [12].

Hypocotyl length (cm): According to salt
dose applications, body length averages changed
between 3.765-10.506 cm and the highest from 0
mM NaCl and the lowest from 200 mM NaCl dose
averages were obtained. According to NaCl X GA3
interactions, the body lengths changed between
3.141-12.530 cm and the highest from 0 mM NaCl
X GA3 50 interactions and the lowest from200 mM
NaCl x GA3 0/ GA3 200 (GA3 0 and GA3 200
giberellic acid doses interactions.were statistically
in the same group
Mean hypocotyl lengths were 5.741-8.482 cm
compared to giberellic acid doses and the highest
from GA3 50/ GA3 100 doses were obtained while
the lowest from GA3 200 doses were obtained.
GA3 50 and GA3 100 giberellic acid mean were
statistically in the same group.
In our study, we found that GA3 applications
had a positive effect on hypocotyl length to some
extent, while increased NaCl doses decreased hypocotyl length, also described by Chauhan et al.
(2016) [27] and Oner et al. (2018) [25].

Dry root weight (mg):. The dry root weights
changed between 0.012-0.066 mg according to the
mean of salt doses and the highest was obtained
from the mean of 0 mM NaCl dose and the lowest
was obtained from the mean of 200 mM NaCl dose.
The effect of NaCl X GA3 interactions on dry
root weights was not significant.
Dry root weights were changed between
0.028-0.039 mg according to the mean of giberellik
acid doses and the highest was taken from the mean
of GA3 50 doses and the lowest was taken from the
mean of GA3 200 doses . The doses of GA3 (0100-200) were statistically in the same group.
As determined in this study, increasing salt
concentrations significantly reduced dry root
weight, while GA3 applications positively affect to
some level, it has also been identified by Ali et al.
[19], Zadeh et al. [20], Singh and Jakar [21], Fardus et al. [22], and Tuncturk et al. [12].

Fresh Radicle Weight (mg): According to
salt (NaCl) doses, root weights were formed between 0.026-0.532 mg and the highest was from 0
mM and the lowest was from 200 mM NaCl dose
averages. According to NaCl X GA3 interactions,
fresh root weights were between 0.012-0.741 mg.
The highest age root weight was taken from 0 mM
NaCl X GA3 50 interaction, while the lowest age
root weight was taken from 200 mM NaCl and all
GA3 doses were included in the same statistical
group.
Fresh radicle weights were changed between
0.141-0.348 mg according to the mean of giberellic
acid doses and the highest was obtained from the
mean of GA3 50 doses and the lowest was from the
mean of GA3 200 doses.

Dry hypocotyl weight (mg): According to the
mean of salt doses, dry weight changed between
0.128-0.026 mg and the highest was taken from the
mean of 0 mM NaCl dose and the lowest was from
the mean of 200 mM NaCl dose.
The effect of NaCl X GA3 interactions on dry
hypocotyl weights was not significant.
Dry hypocotyl weights 0.083-according to the
averages of giberellic acid doses.It ranged from
0.043 mg and the highest was obtained from the
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TABLE 2
Effect of gibberellic acid application on germination in oat (Avena sativa L.) seeds under salt stress
Fresh
Fresh
Dry
Dry pluApplications
Plumula
Radicula
radicula
plumula
radicula
mula
lenght
lenght (cm)
weight
weight
weight
weight
Salt Doses
GA3
(cm)
(mg)
(mg)
(mg)
(mg)
9.1221 c 0.453 bc
0.884 b
GA0
11.783 b
0.061
0.132
Control (0)
GA50
14.500 a
12.530 a
0.741 a
1.383 a
0.083
0.166
GA100
11.146 b
11.440 b 0.560 bc
0.933 b
0.063
0.133
8.9331 d 0.375 cd
0.617 c
GA200
7.618 c
0.063
0.082
Control (0) Means
11.262 A
10.506 A 0.532 A
0.954 A
0.066 A
0.128 A
GA0
4.373 e
6.636 e
0.143 f
0.473 ef
0.013
0.043
100 mM
GA50
6.533 d
8.743 d
0.271 e
0.513 de
0.024
0.047
GA100
8.183 c
9.503 c
0.323 de
0.611 cd
0.012
0.031
GA200
4.270 e
5.151 f
0.019 g
0.410 fg
0.011
0.022
100 mM Means
.841 B
7.508 B
0.188 B
0.499 B
0.015 B
0.036 B
2.126 h
GA0
3.142 i
0.012 g
0.196 i
0.011
0.019
3.443 g
200 mM
GA50
4.173 h
0.034 g
0.361 gh
0.014
0.035
3.671 fg
GA100
4.606 g
0.028 g
0.293 h
0.011
0.028
4.021 ef
GA200
3.141 i
0.029 g
0.382 g
0.012
0.023
200 mM Means
3.315 C
3.765 C
0.026 C
0.307 C
0.012 C
0.026 C
300 mM (T300)**

GA3 Doses Means

CV (%)
LSD 0.05

GA0
GA50
GA100
GA200

6.094 C
8.158 A
7.667 B
5.302 D
5.175
0.296

6.299 B
8.482 A
8.516 A
5.741 C
3.948
0.278

0.202 C
0.348 A
0.304 B
0.141 D
9.303
0.134

0.518 C
0.752 A
0.608 B
0.468 D
7.875
0.038

0.028 B
0.039 A
0.028 B
0.028 B
15.13
0.004

0.064 B
0.083 A
0.064 B
0.043 C
12.688
0.006

GA0: Control doses, GA50: 50 ppm doses, GA100: 100 ppm doses, GA200: 200 ppm doses.
0mM: Control doses, 100mM: 100 mM salt doses, 200mM: 200 mM salt doses, 300mM: 300 mM salt doses.
* The difference between the mean was evaluated by multiple comparison method LSD (0.05).
** 300 mM NaCl applied in all repeats of oat seeds germination did not occur, so the calculations could not be made.

GA3 50 dose average and the lowest was from the
GA3 200 dose average.
In this study, the effect of gibberellic acid and
salt interaction on dry hypocotyl weight was insignificant, but the effect of salt concentrations was
significant. Increased NaCl concentrations negatively affect dry fersh weight and some positive
effects of GA3 applications. It has also been identified by Ali et al. (2012) [19], Zadeh et al. [20],
Singh and Jakar [21], Fardus et al. [22], and Tuncturk et al. [12].
The effects of NaCl and GA3 doses applied to
oat seeds on hypocotyl (HL) and root (RL) lengths
are graphically seen in Figure 2. It is observed that
rootlLength (RL) and hypocotyl length (HL) are
high, especially at control doses not administered
NaCl. However, with the addition of the first dose
of 100 mM NaCl, it is observed that there is a sudden decrease in these lengths and that they fall from
12 cm to 4 cm by 2/3. In the application of 200 mM
NaCl, root and hypocotyl lengths fall even below 3
cm.

On the other hand, it is observed that root and
hypocotyl lengths are more formed at 50 ppm GA3
dose compared to the control (0) group and that the
subsequent dose increases do not provide an additional lengthening but create a situation around the
control dose.

CONCLUSIONS
Some NaCl applied to oat seeds (control (0)100-200-300 mM) GA3 and (control (0)-50-100200) according to the results of this study, which
was carried out to determine seed germination
characteristics and seedling parameters of the doses
(ppm).
The effects of salt doses, giberellik acid doses
and NaCl X GA3 interactions on seedling parameters such as germination powe (%), germination
rate (%), mean germination time (day), germination
index (%) and sensitivity index and
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FIGURE 2
Effect of NaCl and GA3 oat seeds on root (RL) and hypocotyl lengths (HL)
rootlLength, hypocotyl length, fresh root weight
and fresh hypocotyl weight were significant
(p<0.005). While the effects of salt and giberellic
acid doses on dry root and dry fresh weights were
significant (p<0.005), the effects of salt X giberellic
acid interactions were not significant.
In the study, it was observed that germination
characteristics were negatively affected as NaCl
dose increased and there was no germination in 300
mM NaCl application. Therefore, observations and
calculations of this dose were made. With the application of 100 mM NaCl, germination characteristics are clearly negatively affected by control, while
this stress is suppressed with increased doses of
GA3. This negative effect was also observed in 200
mM NaCl administration, but this was similarly
controlled by increased GA3 doses.
On the other hand, with the application of 100
mM NaCl, it was observed that the seedling parameters such as root and hypocotyl length, which were
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Lebanese Ministry of Agriculture has documented,
since 1996, an increasing importation of pesticides
and their uncontrolled and unregulated use is become concern matter due to environmental occurrence of these agrochemicals in Lebanese water
resources [1, 2]. Overall, uncontrolled use of agrochemicals, lack of legislation and of expertise in
managing pesticides have caused water pollution
problems in the Litani basin.
Fluazifop-p-butyl, a selective post-emergency
herbicide for controlling graminaceous weeds in
broad-leaved crops, terbuthylazine, a broad
spectrum herbicide used in pre-post emergent
treatment of maize, potatoes, fruit trees, and
triclopyr, applied in post-emergence as broadleaf
weeds control, are widely used in Lebanon.
Fluazifop-p-butyl belongs to aryloxyphenoxypropionates family, it inhibits acetyl-CoA carboxylase,
a key enzyme that catalyzes the formation of the
malonyl-CoA in fatty acid biosynthetic pathway [3].
It has been reported that fluazifop-p-butyl is slightly
toxic to birds and mammals, but highly toxic to fish
and aquatic invertebrates [4]. In soil, Fluazifop-pbutyl is quickly hydrolyzed to Fluazifop acid (FLP),
the effective phytotoxic moiety of Fluazifop-butyl
[5]. FLP is a molecule highly soluble in water,
slowly degradable, and with a low sorption capacity
on soil [6]. Terbuthylazine (TBZ) is absorbed by
plant roots to block CO2 sorption in the chlorophyll
function and therefore inhibits the photosynthesis at
photosystem II, moreover causes high risks for
mammals, earthworms, aquatic organisms and nontarget plants [7]. TBZ can undergo both biotic and
abiotic degradation processes strongly influenced by
temperature, microbial activity, moisture levels,
aeration, and pH [8]. Triclopyr (TCP) is an auxin
mimic herbicide. After its absorption by the foliage
and roots of plant, the cell division and plant growth
are disrupted leading to death. In soil, triclopyr is
rapidly hydrolysed to triclopyr acid which is responsible of the phytotoxicity [9]. Aquatic toxicity of
triclopyr depends strongly on its formulation. The
butoxyethyl ester (the active ingredient of Garlon 4)
is toxic to fish, aquatic invertebrates, aquatic plants
and amphibians [10]. Due to their features, these
herbicides may cause an environmental threat to the

ABSTRACT
The Litani River, the largest in Lebanon, suffers from different kind of pollution including that
caused by pesticides. Among the herbicides,
Fluazifop (FLP), Terbuthylazine (TBZ) and
Triclopyr (TCP) are the most used and therefore the
sorption on sediment and soil samples from four sites
along Litani river basin: Berdaouni, Joub Jannine,
Aammiq and Qaraoun, was investigated.
For the three herbicides and on all sediment and
soil samples, the sorption data, fitted to Freundlich
logarithmic equation, show very low Kads values. At
sediment and soil pH values, the herbicides and
sediment and soil colloids are negatively charged,
therefore negative sorption should be expected.
Nevertheless, the sorption observed suggest that a
lipophilic effect is acting.
FLP, TBZ and TCP are herbicides with a high
risk of leaching. The addition of biochar (BC) to
soils and sediments increases considerably Kads
values of BC added sediments and soils in
comparison with that of BC-free samples. Moreover,
desorption is not observed suggesting that the
sorption is not reversible and hysteresis occurs.
These findings suggest that the BC soil addition in
Litani river basin area may be considered as an
useful tool to prevent FLP, TBZ and TCP leaching
in this polluted region of Lebanon.

KEYWORDS:
Fluazifop, Terbutylazine, Triclopyr, Sorption, Soil,
Sediment, Biochar

INTRODUCTION
In Lebanon, according to 2015 agricultural census, the surface destined to agriculture is on average
of 1.4 ha and reaches a maximum of 2.9 ha in the
Beqaa region. This region represents 47% of
Lebanon's agricultural economy and is crossed by
Litani River, the most important Lebanese river,
which in 1965 has been impounded in Beqaa Valley
to construct the largest artificial freshwater reservoir
of the country (surface area about 1600 Km2, water
capacity about 224.106 m3) named Qaraoun Lake.
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FIGURE 1
Sampling sites along the Litani River.

Litani basin. However, although these herbicides
have been found in large quantities in the water
bodies, to our knowledge, there is no information
available in the literature on the behavior of FLP,
TBZ and TCP on sediment and soil of Litani River
basin.
Among the environmental remediation
techniques, the physical processes, based on the use
of adsorbents able to immobilize pesticides in soil
and prevent their leaching and moving to water
surfaces, compared to biological and chemical
technologies seem to be very promising. Further,
sorption processes are ecofriendly and do not
generate harmful products. Many literature data
highlight the effect of biochar, a carbon rich byproduct obtained by pyrolysis of biomass at high temperature in absence of oxygen, on the environmental
fate of organic pollutants in soils [11-13]. Due to its
physicochemical properties which depend on feedstock and pyrolysis conditions [14], biochar generally has strong sorption capability for pesticides.
Properties as porosity, surface area, pH, functional
groups, carbon content and aromatic structure have
an effect on pesticide sorption-desorption processes
thereby affecting their bioavailability and efficacy
[15-18]. A relatively high pyrolysis temperature generally produces a biochar effective in the sorption of
organic contaminants due to its increased surface
area, micro-porous structure, and hydrophobicity because of the presence of polyaromatic carbons [19].
Thus, biochar applications in agricultural soil near

the water bodies could help to reduce pesticide
leaching [20, 21].
The aim of this study was to investigate the
sorption behavior of FLP, TBZ and TCP, on
sediments and soils from the basin of the Litani
River. The herbicide sorption study was extended to
soil and sediment samples added with a biochar
(BC), obtained by pyrolysis of oak and maple
biomass, in order to assess whether the biochar effect
on the sorption allows a possible suppression of
herbicide movement in the Litani river basin. To our
knowledge, this is the first study carried out on sediment and soil samples from Lebanon concerning the
sorption of these herbicides and the use of biochar to
limit their leaching in the water bodies.

MATERIALS AND METHODS
Study area. The Litani River flows southwards
between Lebanon West Mountains and AntiLebanon East Mountains in the Bekaa Valley, then
into the Mediterranean Sea in the southwest of
Lebanon. The soil and sediment samples were taken
from following four sites (Figure 1):
Ammiq:
river
sediment
(A1,
sampling:
33°69'95.45"N 35°83'01.91"E) and agricultural soil
(A2, sampling: 33°42'01.0"N 35°49'12.2"E);
Berdaouni: river sediment (B1, sampling:
33°81'24.13"N 35°89'42.24"E) and agricultural soil
(B2, sampling : 33°81'37.070"N 35°93'99.790"E);
Joub Janine: river sediment (J1, sampling:

11120

© by PSP

Volume 29 – No. 12A/2020 pages 11119-11128

33°38'19.9"N 35°46'47.1"E) and agricultural soil
(J2, sampling: 33°63'94.11"N, 35°78'23.12"E);
Qaraoun: river sediment (Q1, sampling:
33°34'41.8"N 35°41'21.0"E) and agricultural soil
(Q2, sampling: 33°58'68.260"N 35°72'53.020"E).
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max, supplied by Syngenta Chemicals B.V.,
according to Micera et al. [25], TBZ (98.8% purity)
and TCP (99.6% purity) were supplied by Sigma–
Aldrich, St. Louis (USA), and Dow Chemical Co.,
Midland, Michigan, (USA), respectively.
Solid biochar (BC) was a commercial charcoal
provided by Lakeland Coppice Products (UK)
obtained from coppiced woodlands (maple and oak).
The BC has been obtained at pyrolysis temperatures
of 550-600 °C in a transportable ring kiln (2.15 m in
diameter and holding around 2 t of hardwood).
Carbon and nitrogen BC contents were determined
using a CHN Elemental Analyzer (Carlo Erba
Instruments, mod 1500 series 2). Samples of BC
(screened by means of a 2 mm sieve) were oven
dried at 105 °C for 24 h. The dry samples were acid
digested with a microwave oven (CEM,
MARSXpress) according to the EPA method 3052.
The solutions obtained after the mineralization were
ILOWHUHG ȝP37)( DQGGLOXWHG7RWDOHOHPHQW
contents of BC were determined by an ICP optical
spectrometer (Varian Inc., Vista MPX) using
scandium as internal standard. The surface area was
calculated by using the BET (Brunauer-EmmetTeller) ASTM official method. The BC suspension

Materials. The sediment and soil samples,
taken from the four sites defined above, were collected at a depth of 20 cm from each site. The samples were air-dried and sieved to < 2 mm. The particle size distribution was determined by the Purdue
University Soil Testing Laboratory using the pipet
method [22]. The organic matter (OM) content was
measured according to the modified Walkley-Black
method [23]. The cation exchange capacity (CEC)
was determined according to the procedure of
Hendershot and Duquette [24]. The sediment and the
soil suspension pH values were determined on
slurries with a sediment/water or soil/water ratio of
1: 2.5. Selected physicochemical properties of
sediment and soil samples are listed in Table 1.
Three herbicides, fluazifop (FLP), terbuthylazine (TBZ), and triclopyr (TCP) were used in
the study (Table 2). FLP was prepared by alkaline
hydrolysis of Fluazifop-butyl, trade name Fusilade

TABLE 1
Selected physical and chemical properties of investigated sediment (A1, B1, J1, Q1)
and soil (A2, B2, J2, Q2) samples
Sample
A1
B1
J1
Q1
A2
B2
J2
Q2
a

pH
7.8
7.9
7.9
7.7
7.9
8.1
8.2
7.9

OM (%)
1.8
2.1
4.1
2.8
7.2
6.7
6.9
7.2

Clay (%)
17.5
7.8
26.9
52.4
64.3
58.5
46.9
83.5

Sand (%)
37.4
44.8
16.3
19.0
30.7
38.5
40.6
11.2

CECa
17.8
12.0
24.3
37.0
55.9
51.0
48.1
71.0

Silt (%)
45.1
47.4
56.8
28.6
5.0
3.0
12.5
5.2

cmol/kg.
TABLE 2
Selected physicochemical properties of FLP, TBZ and TCP

a

Herbicide

Water solubilitya

Log Kow

pKa

FLP
TBZ
TCP

780
8.5
440

3.18
3.40
0.42

2.98
1.90
2.93

(mg/L).
TABLE 3
Some chemical properties of BC
BET
m2/g
300.2

pH
9.8

C
%
75.81

N
%
0.90

C/N
84.23

Al
g/kg
268

Ca
g/kg
24.5

Fe
g/kg
0.33

K
g/kg
11.8

Mg
g/kg
27.8

Na
g/kg
11.9

TABLE 4
HPLC operating conditions and retention times of FLP, TBZ and TCP
Herbicide
FLP
TBZ
TCP

Eluent
(H2O/CH3CN)
50/50
30/70
50/50

Wavelength
(nm)
270
240
295
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Flow rate
(mL/min)
0.6
0.5
0.5

Retention time
(min)
8.8
7.0
9.2

P
g/kg
23.3
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pH values were determined on slurries with a
BC/water ratio of 1:2.5. The main characteristics of
BC are reported in Table 3.
All the solvents, of HPLC grade (Carlo Erba
Reagenti, Milano, Italy), were used without any
additional purification.
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Analytical techniques. The concentration of
FLP, TBZ and TCP was determined by HPLC. The
analytical
system
(supplied
by
Waters
Chromatography Europe, BV Mon Plaisir 12, 4879
AN Etten-Leur, The Netherlands) was assembled as
follows: a Waters 1515 pump equipped with a
Waters 2487 UV/VIS programmable detector
operating at a specific wavelength (nm) for each
herbicide, Breeze chromatography software and an
end-capped PBondapak C18 analytical column (10
Pm, 3.9 x 300 mm). Acetonitrile plus water,
previously brought to pH 2.7 with phosphoric acid,
was the mobile phase. The details of analytical procedure are reported in Table 4.
The quantitative determination of herbicides
was performed by using an external standard.
Calculations were based on the average peak areas
of the external standard. The herbicide detection
limit was 0.05 mg/L, namely the concentration
corresponding to a detector response approximately
twice the background signal. All data were processed
with Microsoft Office Excel 2003.

Sorption experiments. FLP, TBZ and TCP
sorption isotherms were obtained on sediment and
soil, on BC, and on sediment + BC and soil + BC,
using a batch equilibrium method. In general, 2.5 g
samples of sediment or soil or 25 mg of BC were
equilibrated in polyallomer centrifuge tubes with 5
mL of aqueous herbicide solution. In a successive
test, 25 mg of BC were added to 2.5 g of sediment or
soil, and were equilibrated in polyallomer centrifuge
tubes with 5 mL of aqueous herbicide solution. The
tubes were previously checked to verify that they did
not adsorb the herbicides. The initial concentration
of herbicide solutions were 130, 260, 390 and 520
PM for FLP; 8.2, 16.5, 24.7 and 33 PM for TBZ and
130.5, 261.0, 391.5 and 522 PM for TCP, respectively. The tubes were shaken in an end-over-end
shaker (70 rpm) at 25 ± 2 °C until equilibrium was
reached. Preliminary kinetic batch studies indicated
that the equilibrium was reached within 6 h for FLP,
2 h for TBZ, and 5 h for TCP. No degradation took
place within the afore mentioned times. After equilibration, the suspensions were centrifuged at 3500
rpm for 10 min and the supernatant was pipetted off,
filtered (0.2 Pm, PTFE D. 25 Albet-Jacs) and analyzed immediately. The herbicide amount adsorbed
was calculated from the difference between the initial and final concentrations of herbicide in solution.
Sorption data were fit to the logarithmic form
of the Freundlich equation, log Cs = log Kads + 1/nads
log Ce, where Cs LQȝPRONJ-1 units) is the amount
of herbicide adsorbed, Ce LQ ȝ0 XQLWV  LV WKH
equilibrium concentration in solution, and log Kads
and 1/nads are empirical constants representing the
intercept and the slope of the isotherm, respectively.
The Kads value is an approximate indicator of
sorption capacity, while 1/nads is a function of
sorption strength in the sorption process.

RESULTS AND DISCUSSION
Sediment and soil. The physicochemical
characteristics of the sediments and soils collected
along the Litani river (Figure 1) are shown in Table
1. The texture variability showed that the amount of
the clay increases successively from the North of the
watercourse in the following order Berdaouni (B1) <
Ammiq (A1) < Joub Jannine (J1) and accumulates in
the artificial Qaraoun Lake (Q1), where the Litani
river is embedded. Differently, the amount of sand
GHFUHDVHV IURP % § $ WR 4 7KH VSDWLDO
variability of the texture of the sediments allows to
identify three zones in the river catchment: A1 and
B1 as sandy silt loam sediment, J1 as silty clay loam
sediment and Q1 as clay sediment. This is wellmatched with the drainage morphometry of the
Litani river basin which displays low to moderate
channel slope and low meandering ratio influencing
the river discharge and the sedimentation process
[26].
Instead, the texture of all soils neighboring to
their respective sediments can be defined as clay soil
in agreement with Darwish et al. [27], who found
that all soils of the Beqaa plain were mainly of clay
texture. Due to parent material of basic rocks,
composed mainly of calcium carbonate rocks, the pH
values of sediment and soil samples ranged from 7.8
to 8.2. Finally, the organic matter (OM) content was
always higher in soil than in sediment samples. The
considerable amount of organic matter in soil is
attributable to agricultural activities and to other
causes such as spillage of waste water of industries
and municipalities, and presence of dumpsites.

Desorption. Immediately after the sorption
process on soils and sediments added with BC, 2.5
mL of the supernatant solution was withdrawn and
the amount of sorbed herbicide calculated. The remaining slurry was again brought to 5 mL by the addition of 2.5 mL of water, equilibrated for 24 h, and
centrifuged. These steps (supernatant withdrawing
and replacing and re-equilibrating) were repeated
four times consecutively. No measurable amount of
desorbed herbicide was found from both BC added
sediments and soils suggesting that the herbicides
remain tightly bound and did not desorb readily
under investigated experimental conditions.
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sediment becomes increasingly favoured as the herbicide concentration increases and that the cooperative interactions among adsorbed organic species
stabilize the sorbate and enhance its affinity for the
surface [30]. The observed Kads values on the sediments showed that the FLP sorption was generally
scarce. At pH values measured for sediment samples
(Table 5), both FLP (pKa 2.98) and sediment colloids
are negatively charged, therefore negative sorption
would be expected. Nevertheless, a slight sorption
was observed, suggesting that probably a lipophilic
effect was acting [31]. This agrees with the highest
Kads value observed on sample J1, the richer in
organic matter. On the other hand, Q1 had a high
clay content and likely the formation of organic matter-clay aggregates [32-34], make the organic matter
of Q1 sediment unable to bind FLP.

FLP. The Freundlich sorption isotherms are
commonly used to describe the sorption
characteristics for heterogeneous surfaces whereas
Langmuir isotherm assumes monolayer coverage on
a homogeneous surface with identical sorption sites.
In some cases, sorption data obtained experimentally
fit the Freundlich better than the Langmuir isotherm
and this is also true of published data that were previously considered to adhere to the Langmuir model
[28]. For this reason, the Freundlich isotherms were
used to fit the sorption data of FLP, TBZ and TCP
on sediments, soils, BC and sediments and soils
added with BC. The Freundlich parameters related to
FLP sorption on sediments are shown in the Table 5.
The isotherms were of the S-type, with slope 1/nads
values > 1 [29], indicating that the FLP sorption on

TABLE 5
Freundlich parameters for FLP sorption on sediments, BC, and sediments +
BC (SD in Parentheses)
System
A1
B1
J1
Q1
BC
A1 + BC
B1 + BC
J1 + BC
Q1 + BC

pH
7.8
7.8
7.7
7.7
7.9
7.8
7.9
7.9
8.0

Kads
0.011 (±0.001)
0.046 (±0.003)
0.070 (±0.008)
0.004 (±0.001)
205.873 (±2.618)
5.005 (±0.068)
2.111 (±0.191)
2.547 (±0.026)
0.147 (±0.028)

1/nads
1.51 (±0.08)
1.30 (±0.07)
1.32 (±0.08)
1.58 (±0.09)
0.81 (±0.08)
0.61 (±0.02)
0.78 (±0.09)
0.70 (±0.03)
1.18 (±0.07)

r
0.9731
0.9870
0.9956
0.9799
0.9916
0.9804
0.9849
0.9793
0.9859

TABLE 6
Freundlich parameters for FLP sorption on soils, and soils + BC (SD in
Parentheses)
System
A2
B2
J2
Q2
A2 + BC
B2 + BC
J2 + BC
Q2 + BC

pH
8.0
8.1
8.0
7.9
8.0
8.0
8.0
7.9

Kads
0.074 (±0.008)
0.057 (±0.004)
0.078 (±0.008)
0.079 (±0.008)
4.921 (±0.060)
4.969 (±0.059)
6.557 (±0.067)
4.429 (±0.005)

1/nads
1.09 (±0.10)
1.18 (±0.07)
1.12 (±0.08)
1.10 (±0.07)
0.63 (±0.02)
0.61 (±0.04)
0.53 (±0.01)
0.60 (±0.01)

r
0.9810
0.9991
0.9972
0.9776
0.9899
0.9662
0.9952
0.9946

TABLE 7
Freundlich parameters for TBZ sorption on sediments (SD in Parentheses)
System
A1
B1
J1
Q1

pH
8.0
8.0
8.1
8.0

Kads
11.334 (±0.143)
2.451 (±0.021)
20.337 (±0.256)
8.420 (±0.097)

1/nads
0.52 (±0.01)
0.91 (±0.09)
0.60 (±0.01)
0.59 (±0.03)

r
0.9610
0.9891
0.9734
0.9734

TABLE 8
Freundlich parameters for TBZ sorption on soils (SD in Parentheses)
System
A2
B2
J2
Q2

pH
7.8
8.0
8.0
7.8

Kads
7.890 (±0.067)
6.462 (±0.067)
5.818 (±0.067)
7.482 (±0.067)
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1/nads
0.61 (±0.01)
0.66 (±0.02)
0.57 (±0.03)
0.70 (±0.06)

r
0.9913
0.9594
0.9986
0.9910
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The sorption of FLP on soils (Table 6) was only
slightly higher than that on sediments despite the
much higher content of soil organic matter.
Probably, even on soils, only the lipophilic effect
plays a role in FLP retention.
FLP has a great water solubility (780 mg.L-1)
and persists in the soil (t1/2 until to 168 days, [35]),
that is, it is a molecule at high risk of leaching,
therefore, the addition of biochar to soil could
represent a useful practice for preventing or at least
limiting the pollution of surface and underground
waters. The herbicide sorption study was extended to
BC, and to sediments and soils added with 1% BC.
FLP showed high affinity for BC (Kads ~ 206, Table
5), likely due both to the great percentage of biochar
organic carbon (§ DQGWRIHDWXUHVRI%&XVHG
in this study. Indeed, the BC obtained at 500-600 °C,
is mainly composed of aromatic carbon arranged
graphite-like layers having an elevated porosity and
surface area values [36]. Presumably, the FLP
molecule flatness, due to the extensive conjugation
of the two aromatic rings present in its structure,
makes possible the herbicide transfer into BC layers
by lipophilic effect in spite of negative charge
centered on molecule carboxyl groups. Moreover,
the Freundlich parameter 1/nads < 1 suggests L-type
isotherm [29], indicative of a high FLP-BC affinity
at low concentration, as the FLP concentration increases the affinity reduces because it becomes more
difficult for herbicide to find free sorption sites on
BC.
It is noteworthy that the sediment A1, with the
lower organic content, was the one showing the
highest Kads value. This finding is consistent with
several authors who reported that the increase of
pesticide sorption in soil amended with biochar was
negatively correlated to initial soil organic matter
content, i.e. BC effect was more marked in soil
containing lower organic carbon amount [13, 37].
Once again, the values of Kads observed were lower
on richest clay BC amended samples (Q1 + BC and
Q2 + BC), this likely due to clay-organic matter
complexes presence. The BC addition to sediments
and soils caused a decrease of 1/nads values producing isotherms resembling L-type. These results agree
with those described by Yu et al. [38], which
observed an increase in Kads values and a decrease in
the values of 1/nads in diuron sorption on biocharamended soils. In the sediment and soil samples
added with BC, desorption was not observed, no
measurable amount of desorbed herbicide was found
from both BC added sediments and soils under the
studied conditions, suggesting that the sorption was
not reversible.
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between 0.961 and 0.989. According to the isotherm
classification by Giles [29], the TBZ sorption on sediments is described by an L-type isotherm, slope
1/nads values < 1, indicating high affinity between
TBZ and the sediments and a progressive saturation
of sorbent.
The herbicide-sediment suspensions are
FKDUDFWHUL]HGE\S+$W these pH values, TBZ
(pKa 1.9) should behave like neutral compound,
therefore positive sorption, through hydrophobic
interactions with organic matter, would be expected.
In effect, the greatest Kads value was obtained for the
sorption on sediment J1 (Table 7) suggesting that
TBZ sorption is greater on the sediment which has
the highest content of organic matter (Table 1) and
that the organic matter content play the leading role
in the TBZ sorption. Regarding the sorption of TBZ
on soil, because of its high organic matter content,
higher Kads values would be expected than those
observed (Table 8). Most probably, either a low
degree of humification of organic matter [39] or the
formation of organic matter-clay aggregates make
the organic matter unable to bind TBZ.
The TBZ sorption behavior was studied on BC
alone, and on sediment and soil samples after BC
addition to evaluate the effect of added biochar. The
sorption of TBZ on BC alone and on sediments and
soils added with BC was immediate and total, no detectable amount of herbicide was found in solution
after few minutes of equilibration in the sorption experiments, and irreversible. The high affinity of TBZ
for BC was probably due to the physical properties
of sorbent. In fact, the elevated porosity and surface
area values were likely responsible for the observed
sorption through the entrapment and accumulation of
TBZ in the BC layers. The high affinity of biochar
for TBZ was reported by many authors. For example,
Tejada et al. observed that soil amended with biochar originating from municipal solid waste adsorbed more TBZ than soil amended with cow manure and poultry manure [40], and Wang et al.
showed that TBZ sorption on charcoal biochar from
high pyrolysis temperature was higher than bio-solids in soil with low native organic matter [41]. Additionally, fresh biochar adsorbed more TBZ than aged
biochar [42].
TCP. Generally, the Kads values for the TCP
sorption on sediments (Table 9) were very low and
the greater sorption was observed in the sample
which contained the greatest amount of organic
matter. This was consistent with results of Pusino et
al., who found that TCP sorption increased linearly
with soil organic matter content [43] and with
Stephenson et al., who found a 90% of TCP residue
in soil organic matter layers even after heavy rainfall
[44]. At the pH values of sediments and soils studied,
between 7.6 and 7.9, TCP is in anionic form (pKa =
2.93). The low TCP sorption observed could be

TBZ. The Freundlich parameters for TBZ
sorption on sediment samples are reported in Table
7. The Freundlich equation described well the
experimental data with a coefficient r ranging
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TABLE 9
Freundlich parameters for TCP sorption on sediments, BC, and sediments + BC
(SD in Parentheses)
System
A1
B1
J1
Q1
BC
A1+BC
B1+BC
J1+BC
Q1+BC

pH
7.6
7.9
7.8
7.9
8.0
7.7
8.1
7.8
7.9

Kads
0.016 (±0.002)
0.001 (±0.001)
0.072 (±0.009)
0.006 (±0.001)
3331.960 (±42.965)
8.181 (±0.103)
1.659 (±0.170)
1.553 (±0.134)
1.628 (±0.200)

1/nads
1.50 (±0.08)
1.89 (±0.07)
1.18 (±0.07)
1.57 (±0.06)
0.30 (±0.02)
0.49 (±0.04)
0.80 (±0.08)
0.78 (±0.03)
0.66 (±0.02)

r
0.9696
0.9745
0.9868
0.9721
0.9944
0.9688
0.9904
0.9875
0.9881

TABLE 10
Freundlich parameters for TCP sorption on soils, and soils + BC (SD in Parentheses)
System
A2
B2
J2
Q2
A2 + BC
B2 + BC
J2 + BC
Q2+ BC

pH
7.6
7.8
7.8
7.6
8.0
8.0
8.0
7.8

Kads
0.0103 (±0.0001)
0.0001 (±0.0001)
0.0001 (±0.0001)
0.0120 (±0.001)
7.5614 (±0.0397)
10.7029 (±0.1222)
13.9508 (±0.1793)
10.6780 (±0.1343)

attributed to hydrophobic interactions acting
between TCP and organic matter [45], despite the
repulsion caused by the negative charges of both the
herbicide and organic matter. The Kads values on soil
(Table 10) were smaller than that on sediment
samples. The soils contain a greater quantity of clay
than sediments and, most probably, the low sorption
observed, in spite of the greater amount of organic
matter present in soils, is due, once again, to the
formation of aggregates between the clay and the
organic matter. As found for sediments, as the
organic matter amount in soil increased, the Kads
values increased.
TCP showed high affinity for BC (Table 9) and,
as suggested by the 1/nads value, the affinity is high
at low concentration, as the TCP concentration
increases, the affinity reduces due to the difficulties
that the herbicide encounters in finding unoccupied
sorption sites. In the presence of BC, the TCP
sorption on sediment and soil samples was
considerably enhanced compared to their relative
samples free of BC (Tables 9 and 10). Additionally,
1/nads values decreased to less than one, so, the
sorption isotherm shapes in the presence of BC
changed compared to that without BC, thus
becoming L-type isotherms, as already observed by
us in the case of FLP and by Yu et al. [38] for diuron.
Desorption from the sediment and soil samples
added with BC was almost negligible suggesting that
desorption is much more difficult than sorption.

1/nads
1.50 (±0.08)
2.19 (±0.20)
2.13 (±0.18)
1.48 (±0.09)
0.57 (±0.09)
0.50 (±0.03)
0.38 (±0.06)
0.54 (±0.07)

r
0.9931
0.9897
0.9935
0.9955
0.9991
0.9816
0.9995
0.9961

CONCLUSIONS
FLP, TBZ and TCP are among the most used
herbicides in the Beqaa Valley and the low sorption
measured on the sediment and soil samples collected
from this region suggests that these herbicides may
cause an environmental threat to the Litani basin.
The addition of 1% BC significantly increases the
herbicide retention, being effective in reducing the
risk of leaching of FLP, TBZ and TCP into the
aquatic environment. However, biochar amendment
conducted in open field could reduce the bioactivity
of the herbicides against weeds. Therefore, this
approach should be carried out on soil near the
riverside, where there is no intensive cultivation. In
this way, soil treated with biochar, acting as a buffer
strip, could be useful to limit the water pollution of
the Litani river basin. Moreover, our findings could
lead to further research on herbicide sorption capacity of biochars, from different feedstocks and obtained at different pyrolysis temperatures, in order to
compare their efficiencies and choose the most suitable one.
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a sedimentary sequence provides information on
past water chemistry and environmental conditions
[4].
Paleolimnological approaches can be used to
define physical, chemical and biological variations
(changes) even there is no record of environmental
measurements data base [5]. Subfossil diatoms are
used as indicators of environmental conditions (e.g.
pollution, pH, nutrients, water level) and climate
changes. For this reason, they provide a tool for examining environmental change. For decades, diatoms have been used successfully to describe the environmental histories of lake systems [6]. However,
the studies on this subject are not sufficent.

ABSTRACT
Sediment core samples (H002, H003, H005 and
H006) recovered from the basin of Lake Hazar located in the South East Region of Turkey. Core samples were collected from the four sampling stations
by UWITEC corer to determine diatom flora distribution in Lake Hazar. Diatom counts and identifications were made from the sediments sampled at 1-2
cm intervals. Total of 142 species of diatoms were
recorded, most of them were pennate diatoms.
Ulnaria ulna, Nitzschia gracilis, Synedra nana, and
Cyclotella ocellata dominated the assemblage in the
sampling points. Our objective was to investigate the
environmental and ecological history of Lake Hazar,
and to recover diatom microfossil profils using
paleolimnological techniques.

MATERIALS AND METHODS
Site Description. The oligotrophic Lake Hazar
is the second largest natural lake in Eastern Anatolia.
The lake is monomictic, with the incomplete mixing
in spring and the complete mixing between autumn
and early winter. It is stratified from June to September, forming a thermocline between 10 and 20 meters [7].
Lake Hazar, formed by faulting of the Eastern
$QDWROLD)DXOWLVDWHFWRQLFODNHORFDWHGDWƍ N,
ƍ E. Lake Hazar covers about 100 km2 of the
basin area with an NE-trending elongated-shape
along the East Anatolian Fault. According to bathymetrical measurement of the lake, various maximum
depths ranging between 80 and 210 m (Figure 1).
The bathymetry map shows two distinct areas: an irregular 216 m-deep sub-basin in the northeastern
half of the lake and a much flatter and shallower subbasin occupying its southwestern half. These two
main sub-basins have been named the Deep and Flat
basins to facilitate the description of the basin [8].
The lake level was about 80 m lower at the start
of the Holocene than in 2007 and may have reached
its present height only during the last two centuries.
These relatively recent lake-level fluctuations appear
to be mainly caused by tectonic

KEYWORDS:
Paleolimnology, sediment, microfossil, species composition, ecological status

INTRODUCTION
The siliceous valves of diatoms and chrysophyte cysts are generally abundant and well preserved in lake sediments. So, Lacustrine algal remains (e.g. diatoms, pigments and chrysophyte
scales) can serve as valuable indicators of past environments and can act as indices of present and past
trophic conditions [1]. They are useful for revealing
successional changes in glacial and postglacial ecology, limnology and climate, especially changes in
aquatic productivity [2].
Diatoms are extremely sensitive to changes in
water chemistry, with specific species being adapted
to a particular environment. Due to their short life
cycle, they quickly respond to changes in their environment. For that reason, they are often used to track
pollution and evaluate environmental health of
aquatic habitats [3]. When diatoms die, the frustule
sinks to the bottom and is added to the sedimentary
record. The diatom assemblage preserved at depth in
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FIGURE 1
The bathymetry map and sediment core locations of Lake Hazar
forcing. However, the main rises of the lake level
since the last glacial period are close in time with
documented climatic changes in this region. Consequently, the climatic factor may also have contributed to the water-level rise of Lake Hazar during the
Holocene period [8].

water, and alkaline soda lake with to the surface water of the pelagic zone [7].
A total of 142 species of diatoms were recorded
in the core samples of Lake Hazar. Navicula (31
taxa), Cymbella (21 taxa), Nitzschia (16 taxa),
Gomphonema (12 taxa), Fragilaria (9 taxa),
Amphora (8 taxa) and Epithemia (8 taxa) were the
most common diatom genera in Lake Hazar sediments. Also Cyclotella ocellata, Gomphonema
olivaceum, Navicula cryptocephala, Surirella
linearis and Ulnaria ulna species were found in all
core samples. But in terms of abundance, U. ulna,
Nitzschia gracilis, Synedra nana, and C. ocellata
were to be remarkable species especially until 69 cm.
Diatom assemblage zones were defined by cluster
analysis. According to this analysis, four zones were
defined as A, B, C, and D in the sediments of Lake
Hazar (Figure 2).

Core Sampling. Four Gravity Cores were collected in Lake Hazar by a UWITEC corer. The
lengths of HZ002, HZ003, HZ005 and HZ006 cores
were 84, 92, 68 and 74 cm respectively, and the
depths taken were 5.2, 5, 20.4 and 57.2 meters respectively. Diatom valves were separated from the
organic matrix of the sediments using standard techniques [9]. Small samples of dry sediment J 
were digested in a solution of 50:50 concentrated
sulfiric and nitric acid. Digestion was accelerated by
placing the samples in a boiling water bath for 1 h.
Digested slurries were rinsed several times in distilled water until neutral pH was reached. On a slide
warmer, slurries were dried overnight on coverslips,
and then mounted onto microscope slides using Entellan, a permanent mounting medium. Diatom
valves were enumerated and identified using an
Olympus system microscope (BX53). For each slide,
a minimum of 300 valves was counted along a transect. Species identifications were based primarily on
the Krammer & Lange-Bertalot [10-13].

A Zone. In the deepest part of the core (below
6 cm), the diatom assemblage shows the marked
dominance of Cyclotella species, mainly C. ocellata,
a species typical of mesotrophic lakes [14]. This
zone is characterized by increased abundance of C.
ocellata forming 52 % of diatom community. This
species was registered as the most abundant species
especially in H006 core station and especially at the
first 6 centimeters.
B Zone. This zone between 11 and 34 cm was
the most important part of the core samples as species abundance and species diversity. This zone is
characterized by an initial increase in the abundance
of Nitzschia gracilis and Synedra nana, followed by
the sequential appearance of eutrophic species, such
as Nitzschia palea, Nitzschia fonticola, Navicula
cryptocephala, and Epithemia turgida. N. gracilis
and S. nana species became co-dominant species as
abundance in this zone forming

RESULTS
Based on the trophic status classification, the
surface water of the pelagic zone of Lake Hazar exhibited oligotrophic characteristics in terms of total
nitrogen and mean and maximum chlorophyll-a concentrations, but it was mesotrophic in total phosphorus. Overall, the main physicochemical characteristics suggest that Lake Hazar is an oligotrophic, hard-
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FIGURE 2
Dendrograms using complete linking of Bray-Curtis similarities
32-34 % of total diatoms, respectively. The only difference in the dominance of both species was it that
while N. gracilis was registered as dominant at 1718 cm, 19-20 cm, and 29-30 cm, S. nana species was
found as dominant between 31-32 cm. Additional
taxa emerging in increased relative abundance in this
zone include Ulnaria ulna. This species, characterized by continuous presence in all depths of this part,
was subdominant species in this section of the core
(Figure 3).

So, this may be a competitive advantage to small
taxa under low nutrient conditions [15]. Furthermore, these taxa may quickly form blooms and outcompete larger and/or planktonic diatoms during the
short growing season [16].
Ulnaria ulna, Nitzschia gracilis, Synedra nana,
and Cyclotella ocellata were found to be the most
important species in the Lake Hazar core samples
(Figure 4). Although planktonic diatoms were occasionally dominant in some lakes [17], benthic diatoms base on epilithic, epipelic, epipsammic, epiphytic species were found dominant in most lakes
same as Lake Hazar. However, planktonic diatoms
were found commonly in Saint-Louis and Saint
Francois Lakes’s core samples [18].

C Zone. Ulnaria ulna species was the most important part of this zone. In this zone, U. ulna, the
subdominant species in B zone, was dominant composing 78 % of total diatoms. This zone is characterized by continuous presence of U. ulna in all depths
of this part, like in B zone.

DISCUSSION
D Zone. There is a serious decline in number
of organisms to the topmost 23 cm. This zone is
characterized for all species by the low abundance.
This zone is the nearest to the benthic area. The most
important species of this zone was Synedra nana and
Nitzschia palea whose relative abundance however
didn’t reach the values found in the B zone of the
core. It was the first time for all depths that these
species were seen in such a low abundance.
Significant increases were registered in the
abundance of diatoms after 13 cm. Ulnaria ulna,
Nitzschia gracilis, Synedra nana, and Cyclotella
ocellata were found to be important diatoms in the
sampling areas (Figure 3). The dominance of
Fragilariaceae family may be related to the high surface-to-volume ratio of small cells. The other importance of this group is higher specific growth rates.

Algal remains provide an internally consistent
record of ecosystem response to several well-defined
natural and anthropogenic events, reaffirming the
close interrelationship within this trophic level. It is
clear from the figures presented here that there is remarkable coherence across a diverse range of biotic
and abiotic proxy records recorded in the sediments,
which demonstrates the inter-dependence of the entire lake-catchment system as it responds to environmental change.
Paleolimnological analyses based on diatoms
aid to determine at present day degredation of water
quality and the timing of the events that cause the
changes of great ecosystem. At each zone of core
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Depth-based distributions of common species in the core samples of Lake Hazar
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FIGURE 4
Depth-based variations of total organisms at four core sampling stations (H002, H003, H005, H006)
samples the differences have been observed in the
number and variety of paleolimnetic diatoms in Lake
Hazar. These changes are reflected by modifications
of diatom assemblages in the lake, specially in the
dominant species. The changes in organic matter and
dominant species in the sedimentary diatom assemblages of Lake Hazar indicate that changes in the silica content, modifying the nutrient availability in the
water. According to Barker and his colleagues [19],

fluctuating of the diatoms abundance associates with
the silica content in the water. By this expression it
is likely that while the silica availability at the last 23
cm is rather low with falling diatoms abundance, the
silica content between 11-69 cm is partially high
with increasing diatoms abundance in our study area.
Both planktonic and benthic diatoms occurred
in these sediments. The majority of the diatom flora
is typical of oligo-mesotrophic and eutrophic lakes.
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While oligo-mesotrophic species were common at
first period, eutrophic species peaked at later periods
(B and C zone). For the trophy of final phase we
can’t say an obvious expression because of lowing
diatoms abundance.
At the initial period of the lake’s existence (A
Zone, especially lower part of H006) the frequency
of open-water diatoms increased. The genus
Cyclotella often dominates species assemblages in
paleolimnology and can cause difficulties or loss of
information in paleoenvironmental reconstructions
due to the ongoing taxonomic uncertainty in the family of Stephanodiscaceae [20]. The development of
planktonic Cyclotella ocellata and the low frequency
of benthic Ulnaria ulna and Nitzschia fonticola indicate higher water level. The dominant taxa in this
part of the core point to a mesotrophic environment.
Accordingly, the development of Cyclotella spp.
suggest a lower trophic status of the lake; the ecological amplitude of C. ocellata has not been entirely
clarified, however. This taxon is found in shallow as
well as deep ultra-oligotrophic [21], oligo-mesotrophic [22] and mesotrophic lakes [23]. According
to Haworth and Hurley [24], Cyclotella spp. grows
in habitats with high silica availability and, in many
cases, the distribution of this species is related to a
volcanic horizon with high silica content. Also,
Reynolds and his colleagues [14] stated that
C. ocellata lives generally in mesotrophic small medium lakes and is sensitive to Si depletion and pH
rise. The increase of C. ocellata at the fist 6 cm in
core samples may be explained with the high silica
availability at these santimeters.
In the next parts of core samples (B and C
Zones, especially medium parts of H003 and H005)
was dominated by benthic and epiphytic diatoms
such as Nitzschia gracilis, Synedra nana and
Ulnaria ulna. This suggests a shallow water level
and turbid water. N. gracilis population growth in
Lake Hazar was apparently controlled by certain
physical features. The role of nutrients in N. gracilis
population dynamics easily understood, since this diatom appears to thrive in environments with widely
varying N:P and Si:P ratios. Phosphorus appeared to
be inversely related to N. gracilis length in E1 Porcal
lake. This has been expressed by Cobelas and Garcia-Morato [25] as a side effect of the phosphorus
effect on population growth. In our core samples
(H002, H003, H005, H006), N. gracilis had peak
only in H005 sampling point in the ranges of 17-18,
19-20 and 29-30 cm. So, we can’t say for zone B,
silica and phosphorus had been low level in the past.
However, Reynolds and his colleagues [14] stated
that U. ulna and Nitzschia spp. prefer to enriched turbid waters as habitat and are sensitive to nutrient depletion. However, Sienkiewicz [17] stated that
U. ulna (Synedra ulna) have wide trophy tolerance
and can live in oligo-eutrophic waters. Unlike the eutrophic-featured benthic species mentioned above,
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some diatoms preferring eutrophic conditions occurred at low frequency in this period of the Lake
Hazar (e.g. Epithemia turgida, Gomphonema
olivaceum, Navicula cryptocephala, N. veneta,
Nitzschia fonticola, N. palea, N. paleaceae, Surirella
linearis). This result shows that the lake at this time
probably had good habitat conditions for promoting
benthic algal growth: warmer seasonal temperature
and nutrient-rich surface water. Consequently, the
diatom assemblages indicate that the lake had an eutrophic environment at the later period of lake’s development (B and C Zone).
For the final phase of the lake’s existence (D
Zone, upper parts of core samples) we can’t comment owing to low diatom abundance. If we need
necessarily to make a comment on trophic status of
lake’s these layers, it can be expressed that according
to the available species in a small number (Nitzschia
fonticola, N. palea, Synedra nana), this period of the
lake was eutrophic. The frequency of both mezotrophic and eutrophic species fell suddenly especially Cyclotella ocellata, Ulnaria ulna, Synedra
nana that were commonly present in other zones,
perhaps due to occuring of tectonic movements in
the last part of sediment. Thus, it is likely that
changes in hydrological and/or climatic conditions
derived from tectonic movements may have caused
instantaneous decrement of the diatom abundance
and diversity.

CONCLUSION
Evaluating the trophic structure of the Lake
Hazar on the basis of diatom from the present to the
past about 100 years, it is seen that the lake’s trophic
structure has changed from oligotroph to eutroph in
the past although the Lake Hazar is an oligotrophic
structure in nowadays. Contrary to many other studies [17], planktonic and benthic diatoms in Lake
Hazar have been distributed throughout all zones.
The changes in the water level of the lake from past
to present changed the trophic structure of the lake
and the distribution ratios between planktonic and
benthic diatoms. The abundance of planktonic diatoms in the community suggests that the lake was oligo-mesotrophic at the beginning of its development.
Possibly the best conditions for growth of the diatom
flora were the later period of lake’s development (B
and C zones), marked by the highest development of
diatoms based on bentic area, nutrient-rich. The majority of diatoms were alkaliphilous and alkalibiontic
taxa, confirming the high trophic status of Lake
Hazar. As seen in Lake Hazar, the best conditions for
the diatoms were found to be second period (the Boreal and early Atlantic) in Lake Skaliska [17]. But,
dominant diatom species in this period of the lake
were generally open-water diatoms such as
Cyclotella
ocellata,
Aulacoseira
spp.,
Stephanodiscus spp. that differs from Lake Hazar.
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Finally a change in sediment lithology took place at
the beginning of D zone (69 cm).
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7]. The disease is still a serious problem, especially
in North Africa and West Asia [1, 7-9]. Tilletia genus is represented with about 185 species in worldwide [10]. Some pathogen species of this genus
cause to plant diseases. There are especially two
popular species for common bunt. Tilletia laevis
Kuhn (syn. T. levis, T. foetida (Wallr.) Liro, Tilletia
foetens (Berk. and Curt.) Schoert.) and Tilletia tritici
(Bjerk.) Wint. (syn. T. caries D.C. Tul.) [1-3, 7-8,
11-12] cause common bunt disease. In addition, another disease known as dwarf bunt is caused by Tilletia contraversa J.G. Kühn [13]. These species have
not been differentiated sufficiently at the genetic
level. However, the close genetic relationship between these species has been determined using similar polypeptide patterns produced by 2D-PAGE.
Despite the close relationship between these three
species, common bunt and dwarf bunt are distinct
diseases having completely different etiologies and
climatic requirements, such as stable cool temperatures [13]. Recent bunt outbreaks, contamination especially with T. foetida and T. caries spores of wheat
has become a major problem resulting in losses in
yield and seed quality [3, 6, 8, 12]. There is a classic
gene-for-gene relationship between virulence genes
of the bunt pathogen and the many known wheat resistance-genes. Virulence of these fungi is regulated
by the same set of bunt resistance genes in wheat
[13]. The gene-for-gene interaction between pathogen bunt and host wheat accounts for the non-durable resistance of most cultivars. Resistance genes in
wheat served to select the virulent types from the
pathogen population [11]. Molecular methods such
as PCR (polymerase chain reaction)-based DNA
marker systems have provided very useful information for species identification of these pathogens
[14]. To date, genetic diversity in T. caries and T.
contraversa has been evaluated by suitable molecular methods including SSR (simple sequence repeat),
EST-SSR (expressed sequence tag-simple sequence
repeat), ISSR (inter simple sequence repeat) and
RAPD (random amplified polymorphic DNA) [15].
There are no genetic diversity studies to date on T.
foetida populations using ISSR markers.

ABSTRACT
Common bunt is a very dangerous seed-borne
disease in most wheat varieties and is caused by Tilletia foetida (laevis) and Tilletia caries (tritici).
These two fungi species can cause losses of production and quality of wheat. To date, some genetic
studies have been performed on T. caries, T. contraversa, T. indica and T. walker in different world areas, although. But there is no genetic diversity analysis using ISSR markers on different Tilletia species
have been reported. Additionally, a correlation between genetic diversity and virulence of Tilletia sp.
has not been researched. This possible correlation
may be investigated using T. foetida samples isolated
from different wheat varieties and locations. In this
study, genetic diversity of five each T. foetida isolates from each of thirteen different fields was determined using 25 ISSR markers. A T. caries isolate
was used as out-group. The dendrogram showing genetic diversity of T. foetida was drawn using UPGMA Analysis. Genetic diversity data was compared with virulence of T. foetida isolates against a
sensitive wheat variety (Heinles VII). A significant
correlation between virulence and genetic diversity
of bunt isolates was determined. We observed that
bunt isolates have high genetic variety and virulence
degrees of genetically close isolates are similar.

KEYWORDS:
Common bunt, DNA Fingerprinting, Genetic variation,
ISSR markers, Pathogenicity

INTRODUCTION
In recent years, common bunt contamination
has led to the production of low-quality wheat. Common bunt (Tilletia sp.) is a very important seedborne disease in wheat and may cause serious economic losses [1-6]. This disease has been observed
in different areas such as Western Asia, North Africa, Canada, United States and United Kingdom [3,

11136

© by PSP

Volume 29 – No. 12A/2020 pages 11136-11142

Isolate No
Isolate 1
Isolate 2
Isolate 3
Isolate 4
Isolate 5
Isolate 6
Isolate 7
Isolate 8
Isolate 9
Isolate 10
Isolate 11
Isolate 12
Isolate 13
Isolate 14

Fresenius Environmental Bulletin

TABLE 1
Locations and host varieties of Tilletia foetida and T. tritici isolates
Pathogen
Geographic Origin
Wheat variety
T. foetida
Tozman Plateau Düden Location
.ÕUNDPEDU$ZQOHVV
T. caries
Tozman Plateau Düden Location
.ÕUNDPEDU$ZQOHVV
T. foetida
Tozman Plateau Düden Location
.ÕUNDPEDU$ZQOHVV
T. foetida
Tozman Plateau Düden Location
.ÕUJÕ]
T. foetida
Tozman Plateau Düden Location
.ÕUJÕ]
T. foetida
Tozman Plateau Düden Location
.ÕUJÕ]
T. foetida
.DYDFÕN9LOODJH
Gerek-NÕUJÕ]-A
T. foetida
.DYDFÕN9LOODJH
Gerek-NÕUJÕ]-A
T. foetida
.DYDFÕN9LOODJH
Gerek-NÕUJÕ]-A
T. foetida
.DYDFÕN9LOODJH
Gerek-NÕUJÕ]-B
T. foetida
.DYDFÕN9LOODJH
Gerek-NÕUJÕ]-B
T. foetida
.DYDFÕN9LOODJH
Gerek-NÕUJÕ]-B
T. foetida
Tozman Plateau Düden Location
Katea
T. foetida
*HoLWNXúD÷Õ Agricultural Research InstiGerek

ISSR-PCR is a reliable, simplicity, low cost
and time-effective technique for detection of DNA
polymorphism [16-18]. ISSR markers are preferred
to assess genetic diversity because of high polymorphism [15, 17, 19]. Variations in virulence of pathogen populations may be related to genetic diversity
in their genome. In this study, we attempted to determine the genetic diversity between T. foetida isolates
that have different levels of virulence in wheat varieties, using ISSR molecular markers. We also aimed
to demonstrate the presence of a possible correlation
between genetic diversity and virulence in T. foetida
isolates.

7500 rpm for 10 min. Upper aqueous layer was transferred to a new tube and 2/3 volume of isopropanol
(-20 oC) was added. Mixture was incubated at -20 oC
for 2 h and centrifuged at 10000 rpm for 10 min. The
supernatant was discarded, and the pellet was
washed twice with 400 ȝL 70% ethanol (-20 oC).
Ethanol was discarded and DNA pellet was air-dried,
then resuspended in 50 ȝL DNase RNase-free water
(Fermentas, USA). DNA samples were diluted to 4
QJȝ/DQGEXONHG'1$VDPSOHVZHUHSUHSDUHGE\
mixing equal amounts of the 5 representative DNA
samples from each field. Samples were stored at 4 oC
for RAPD amplification. The quantity and purity of
the DNA sample was determined using a NanoDrop
Spectrophotometer (Shimadzu, Japan).

MATERIALS AND METHODS
ISSR-PCR Procedure. ISSR-PCR analysis
was performed according to the sequences obtained
from the University of British Columbia (Canada).
Initial primer screening was carried out with 25 primers after screening, 18 primers that amplified clear,
reproducible banding patterns were used for further
analysis (Table 2).
Amplification of ISSR fragments from Tilletia
sp. genomic DNA was performed in a total reaction
volume of 25 ȝL containing 8 ng of template DNA,
1× Taq polymerase reaction buffer, 2 mm MgCl2, 0.1
mm each of dNTPs (dATP, dCTP, dGTP, and
dTTP), 0.2 mM primer and 1 U of Taq DNA polymerase (Fermentas). Amplifications were performed
in a Techne TC Plus thermocycler (Techne Inc.,
USA) programmed as follows: 4 min denaturation at
94 oC and 45 cycles of 45 sec each denaturation at 94
o
C, 50 sec annealing at 47–60.5 oC (primer depended) for ISSR amplification, and a 1.5 min extension at 72 oC, followed by a final extension at 72 oC
for 7 min. PCR-amplified fragments were separated
on 1.2% agarose gel containing ethidium bromide
(0.5 ȝg/mL). Gels were visualized under UV light

Fungi materials. Tilletia isolates and their virulence values ZHUHSURYLGHGIURP*HoLWNXúD÷Õ$JUL
FXOWXUDO5HVHDUFK,QVWLWXWH (VNLúHKLU7XUNH\ (DFK
isolate was isolated from each of different wheat varieties in different locations and fields (Table 1). 65
isolates from 13 fields for T. foetida and 5 isolates
from one T. caries as out-group were used. Heines
VII wheat variety, that is sensitive (non-resistant) to
Tilletia sp. were contaminated with the isolates.
Then, virulence rates of all isolates against Heines
VII were determined on 100 wheat samples for each
isolate with field studies.
DNA isolation. DNA extraction was performed using the CTAB procedure with minor modifications [20]. Approx. 100 mg materials transferred
to a 2 ml Eppendorf tubes and 1 ml freshly prepared
extraction buffer was added. Tubes were inverted
several times and incubated at 62 oC for 1 h. After
incubation, equal volume of chloroform/isoamyl alcohol (24:1, v/v) was added and mixed gently by inversions for 10 min. Homogenate was centrifuged at
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ISSR-01
ISSR-02
ISSR-10
ISSR-25
ISSR-27
ISSR-28
ISSR-29
ISSR-815
ISSR-829
ISSR-847
ISSR-861
ISSR-862
ISSR-866
ISSR-301
ISSR-309
ISSR-310
ISSR-312
ISSR-324
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TABLE 2
ISSR banding pattern of Tilletia foetida and T. tritici isolates using 18 primers
Total
Number of
Number of
PolymorPrimer sequence
number polymorphic
monomorphism (%)
(5'-3')
of bands
bands
phic bands
AGAGAGAGAGAGAGAGG
13
12
1
92,3
GAGAGAGAGAGAGAGAT
9
9
100
GGGTGGGTTGGGGTG
9
9
100
TGTGTGTGTGTGTGTGA
17
17
100
GTGCGTGCGTGCGTGC
21
19
2
90,5
CGATGGATGGATGGAT
40
38
2
95
GAGAGAGAGAGAGAGAC
52
49
3
94,2
CTCTCTCTCTCTCTCTG
18
17
1
94,4
TCTCTCTCTCTCTCTCG
7
6
1
85,7
CACACACACACACACARC
4
4
0
ACCACCACCACCACCACC
6
6
0
AGCAGCAGCAGCAGCAGC
21
21
100
CTCCTCCTCCTCCTCCTC
11
7
4
63,6
GAGCAACAACAACAACAA
20
18
2
90
GAGAGAGAGAGAGAGAA
35
33
2
94,3
AGAGAGAGAGAGAGAGT
29
28
1
96,6
ACACACACACACACAC
15
15
100
AGAGAGAGAGAGA13
12
1
92,3
GAGYT

and digitally photographed with Gel Logic 212Pro
imaging system (Carestream, USA). Molecular
weights of ISSR-PCR products were estimated using
a 100 bp Plus DNA Ladder (Fermentas).

was calculated using Jaccard similarity coefficient
(Figure 2) (Jaccard, 1908) and a UPGMA dendrogram was created (Figure. 3). Isolate-2 (T. caries)
separated from other 13 isolates (T. foetida) as an
out-group. Virulence rates and pathogenicity scores
of bunt isolates are shown in Figure 3.

Data analysis. The obtained DNA bands were
scored as present (1) or absent (0) using
Phoretix1DPro Software (Non-linear Dynamics,
UK). Genetic similarity among Tilletia sp. was calculated using Jaccard genetic similarity coefficient
and a dendrogram was constructed using Unweighted Pair Group Method with Arithmetic Average (UPGMA).

DISCUSSION
At present, although Tilletia species can be effectively controlled using fungicide treated seeds,
due to the distribution difficulties and high costs of
the chemical treated seeds, use of pathogen resistant
cultivars is preferred in most of the seed breeding
programs world-wide [7, 13]. Interaction between
wheat and pathogen is highly significant and indicates the probable existence of gene for gene relationship [21]. Interspecific hybridization among Tilletia spp. resulting in intermediate forms of morphology, germination and pathogenicity of teliospores
can contribute to increasing genetic variability in
pathogen populations as well as the ability of the fungus to overcome current disease control steps [22].
Pathogenic races of Tilletia spp. are generally the genetic variants of the same species [23-24]. These genetic variants can be distinguished by their ability to
attack host genotypes with different resistance genes
[3, 5]. Therefore, it is possible to conclude that resistance or susceptibility of a wheat cultivar to Tilletia spp. It directly depends on the genetic diversity
of pathogenic races [23]. Phenotypic markers and
molecular markers are necessary to overcome the
limitations of pathogenicity analysis [21]. ISSR
markers are efficient, robust, reliable, quick and

Sowing of Heines VII wheat variety to determine the effect of pathogenicity. Experiments for
determination of common bunt virulence rates were
SHUIRUPHG LQ ILHOGV RI (VNLúHKLU *HoLWNXúD÷Õ $JUL
cultural Research Center. Heines VII wheat variety
was sown to 1 m2 plots using 30 cm row spacing and
50 cm spacing between blocks and plots.

RESULTS
Eighteen ISSR primers from screened 25 primers were selected for identification of Tilletia isolates and evaluation of their genetic relationships.
These primers resulted in the amplification of 340
bands. ISSR banding patterns of 3 random primers
are shown in Figure 1. Among these 340 bands, 30
were monomorphic and 310 were polymorphic (Table 2). Primer ISSR-29 generated the greatest number (52) of amplicons and primer ISSR-847 generated the lowest with 4 bands. The similarity matrix
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FIGURE 1
ISSR banding patterns in 13 isolates of T. foetida and 1 isolate of T. caries as revealed by primers ISSR-1,
ISSR-312 and ISSR-27. M: GeneRuler 100 bp Ladder Plus, 1, 3-14: T. foetida isolates, 2: T. foetida isolate,
NC: negative control

FIGURE 2
Jaccard similarity coefficient among 13 T. foetida (isolate-1, 3-14) and T. caries (isolate-2)
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FIGURE 3
Dendrogram showing the genetic diversity among 14 isolates obtained from UPGMA cluster analysis, virulence rates and pathogenicity scores (0-30%: Ì, 31-50%: ÌÌ, 51-70%: ÌÌÌ, 71-90%:
ÌÌÌÌ, 91-100%: ÌÌÌÌÌ) of isolates to Heines VII wheat variety. Isolate-2:
T. caries (out-group); isolate-1, isolate 3-14: T. foetida
reproducible. This method was first reported as a
technique for the study of molecular variation in
plants and animals and later on used to find DNA
markers in fungi [19]. Datta et al. (2000) have reported the presence of positive correlation between
virulence typing and genetic analysis of T. indica
[21]. In this study, we have observed a significant
correlation between virulence rates and genetic diversity of T. foetida. Different virulence rates have
been determined on Heines VII wheat variety for different isolates of T. foetida. Genetic diversity of 13
T. foetida isolates and 1 T. caries isolate (as outgroup) have been analyzed using ISSR markers. Isolates (4, 5; 11, 7; 14, 10 and 8, 9 13) having same
pathogenicity score have grouped together in dendrogram showing genetic diversity (Figure 3). Isolate-2 (T. caries) has separated as an out-group in
dendrogram. Isolates-1 and 3, having respectively
lower and higher score, have separated from isolate4 and 5. These individual isolates can be named as
breakage point and they might be mutated. While the
genetic diversity increases to isolate-1 (33 %) from
isolate-12 (93 %) in T. foetida, their pathogenicity
has decreased. Isolate-1, having the lowest pathogenicity score, has been separated probably related
to presence of a negative mutation in its virulence
genes. But, according to our results, although isolate3 and isolate-12 are genetically far, their pathogenicity scores are very close. The reason of it may be the
positive mutation or protection of virulence genes.

Yarullina et al. (2014) have suggested that environmental stress including high dose pesticide treatment
may cause the development of resistance in T. caries
pathogen against fungicides. It has also been demonstrated that some physiologic races of the pathogen
have become resistant to fungicides such as hexachlorobenzene and tolerant to other fungicides such
as carboxyl and polychlorobenzene [25]. Thirumalaisamy and Singh (2012) have identified twenty isolates of T. indica in the wheat samples collected from
North and North-Western India using molecular
analysis methods based on RAPD and rDNA-ITS region. According to the results of their study, diversity among the isolates of T. indica was absent in the
rDNA-ITS region and major clusters formed in pathogenicity study did not match with PCR-RAPD clusters [26]. Gang and Weber (1996) have analyzed genetic relationships and variability of three Tilletia
species (T. caries, T. foetida and T. controversa) using 13 RAPD markers [27]. On the other hand, Levy
et al. (2001) have analyzed polymorphism differentiation of T. walkeri and T. indica using phylogenetic
analysis method based on ITS sequence data. A distant relationship has been found between these two
species [28]. In 2014, Li et al. described three new
species of Tilletia from species of Eriachne (Poaceae) in north-western Australia and a phylogram
obtained from a maximum parsimony analysis based
on the ITS and LSU sequence alignment [10].
Li et al. performed iTRAQ-Based Proteomic
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Analysis of wheat bunt fungi T. caries, T. foetida and
Tilletia controversa. They suggested that These protein data could be of great value for exploring the key
proteins which play an important role in the interactions of these pathogens with their host [29]. Up to
date, only genetic diversity analyses have been performed on Tilletia sp. However, there is no study in
literature analyzing and comparing genetic diversity
and virulence of Tilletia sp. Results of our study have
demonstrated that T. foetida isolates have high genetic diversity and their pathogenicity potentials
closely depend on the genetic profile. Factors such
as environmental conditions and high pesticide or
fungicide treatments may cause genetic differentiation and consequently different virulence rates. Recently, it has been reported that use of some fungicides such as hexachlorobenzene and genetically resistant wheat cultivars are both insufficient in controlling of diseases such as common bunt [25].
In our study, genetically differentiation and different patogenicity rates on same wheat variety have
been observed for different T. foetida isolates. It has
been seen that isolates having similar patogenicity
rates are together on dendrogram showing genetic
similarity (Figure. 3). Finally, our results have revealed that virulence ability of T. foetida pathogen
also changes depending on genetically differentiation. Our results have confirmed [25], that the pathogen may develop resistance to fungicides depending on genetic differentiation. In addition to, genome
size of simple eukaryotes is smaller from high eukaryotes. Therefore, classification and genetically distinction of fungal species are more difficult from the
other high organism genomes [30]. In this study, we
have used a different fungal pathogen species (T.
caries) in Tilletia genus as an out-group. T. caries
clearly diverged from T. foetida on the dendrogram
(Figure 3). This result has shown the reliability of
our phylogenetic tree. The results of our study have
also shown the efficiency and reliability of ISSRPCR method in genetically determination diversity
of fungal pathogens diversity.
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associated with high morbidity and mortality, however, it can be potentially reversible if patients survive the first attack [3]. AKI comprises of a complex
pathophysiologic response including inflammation,
accumulation of oxidative stress, tubular cell damage, and the resulting complicated dysfunction in the
HQGRWKHOLDOPLFURYDVFXODUV\VWHPDOORIZKLFKDIIHFW
the degree of tubular cell damage [4]. Prevention or
reversal of the I/R induced renal injury has been employed to gain insight into the underlying molecular
mechanism of this pathologic process. In our study,
FGF-2 and ozone were used for their protective and
healing effects.
FGF-2, which is also considered to be involved
in osteogenesis and angiogenesis, is a multifunctional growth factor significantly promoting the proliferation and morphogenesis in a variety of cell
W\SHV >  @ 9LOODQXHYD HW DO >@ GHVFULEHG D
higher amount of nephrogenic protein expression,
particularly FGF-2, in the tubular cells during the period following an AKI induced by I/R. FGF-2 is a
morphogen that has a role in kidney development in
the embryo and it is re-expressed during the renal regeneration after AKI. FGF-2 aids the process of recovery after AKI. Treatment with FGF-2 may promote the regeneration process in the rat kidneys and
after an ischemic kidney injury. The reaction of
ozone with different biological molecules in a moderate degree of oxidative stress results in the therapeutic effect of oxygen/ozone [9]. Various experimental and clinical studies reported the beneficial effects of oxygen/ozone therapy in inflammatory pathologies or pathological conditions associated with
oxidative stress such as renal injury, cardiopathy,
septic shock and atherosclerosis. Di Filippo et al.
[10] reported that the pre-treatment with ozone before the I/R of the myocardium had a curative effect
on the acute myocardial infarction associated with
the oxidative, inflammatory, immunological and
apoptotic responses within the myocardium. A study
by Siniscalco et al. [11] showed that a systemic application of oxygen/ozone alleviated the detrimental
effects of the reactive mediators. This study aimed to
histopathologically analyze the effect of FGF-2 and
ozone applications in the kidneys of I/R injury experimental model rats.

ABSTRACT
Renal ischemia/reperfusion (I/R) injury is the
most common risk factor for AKI. The study aimed
to investigate the effects of FGF-2 and ozone applications on the kidneys of rats with hypoxic-ischemia.
Six groups were formed with seven pups in each:
sham control, ischemia-reperfusion (I/R), FGF-2(10
ȝOPO  )*)-  ȝOPO  R]RQH  PJNJ  DQG
R]RQH PJNJ JURXSV$IWHUWKHWLVVXHSURFHVVLQJ
and staining of the kidney samples, the renal injury
was scored and data were analyzed. Manifestations
of collapse and sclerotic changes in the glomeruli,
observations of collapse in the Bowman’s space, excessive accumulation in the ultrafiltrate and dilatation was noted in the I/R group. The average diameter of the glomeruli and the scores of injury were significantly different between the I/R and FGF20
JURXSVDQGWKH,5DQG2]RQHJURXSV S ޒ
The histopathologic assessment showed that the
treatment with FGF-2 or ozone had renoprotective
effects against renal damage caused by I/R in a dosedependent manner. This study may discover a new
therapeutic strategy for the treatment of AKI based
on specified pathogenesis. This study found the
FGF-2 and ozone applications to be beneficial for the
treatment of AKI at the cellular level with certain
doses.

KEYWORDS:
Ischemia-reperfusion, FGF-2, ozone applications, acute
kidney injury

INTRODUCTION
Oxidative stress and concomitant stress-related
mediators and inflammatory processes have a major
role in the pathophysiology of kidney diseases including AKI [1], chronic kidney disease (CKD) and
the last stage kidney disease. Ischemia/reperfusion
injury is associated with a strong inflammatory and
oxidative stress response to impaired organ function
[2]. AKI is a clinical syndrome characterized by a
rapid decrease in the glomerular filtration rate and is
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Japan). Glomerular and tubular structures were assessed based on the histological grade scale for the
presence of defects. The mean dimension of the glomeruli was semiquantitatively determined by measuring the dimension of a minimum of 100 glomeruli
per slide. At least 20 areas at 20X magnification
were assessed for calculating the mean number of
glomeruli. Kidney damage was scored in terms of
tubular, glomerular, and interstitial changes. Glomerular damage (sclerotic changes such as matrix
expansion, the narrowing or disappearance of the
Bowman’s space, the adhesion of the capillary tuft
to the Bowman’s capsule and the capillary collapse
and the thickening of the glomerular basement membrane) was scored DVDEVHQWRIJORPHUXOL
DIIHFWHG–JORPHUXOLDIIHFWHG!RI
glomeruli affected. The classification for tubular
changes (intracellular vacuolization) was scored as
DEVHQWRIWXEXOHVLQMXUHG–RI
WXEXOHVLQMXUHG!RIWXEXOHVLQMXUHG,QWHUVWL
WLDOLQIODPPDWLRQZDVGHWHFWHGDVDEVHQWPLOG
PRGHUDWHDQGVHYHUH

MATERIALS AND METHODS
Experimental animals and treatments. All
animal experiments were approved by the Mersin
University Animal Experiments Ethics Committee.
The study was conducted at Mersin University,
School of Medicine, Experimental Animals Research Laboratory (Mersin, Turkey). This randomized and controlled animal study included neonatal
PDOH :LVWDU UDWV VHYHQ GD\V DQG ZHLJKW  J
Q   $QLPDOV ZHUH KRXVHG ZLWK D -h lightdark cycle, at a temperature of 21-Û&DQG-
humidity and given standard laboratory chow diet
and drinking water. Experimental rats (n:42) were
randomly divided into equally sized six groups: the
sham group rats were only anesthetized and not performed surgery to induce I/R. I/R was applied to all
groups except the sham group. The rats were simulWDQHRXVO\WUHDWHGZLWKOQRUPDOVDOLQH)LUVWO\
WKH UDWV ZHUH DQHVWKHWL]HG ZLWK  LVRIOXUDQH
(Sigma-$OGULFK 0HUFN .*D$ 'DUPVWDGW *HU
many) in a 1:1 mixture of nitrous oxide and oxygen.
The hypoxic-ischemic modified rice model was applied to rats [12]. The right carotid arteries of rats
were ligated. Later on, rats were placed in a hypoxia
FKDPEHUSHUIXVHGZLWKR[\JHQLQQLWURJHQ
DWÛ&IRUK7KHULJKWFRPPRQFDURWLGDUWHU\OL
gation and hypoxia resulted in the creation of the I/R
model. Treatments were applied to other groups. All
JURXSV Q 
-Sham group: Neck dissection carried out, the
right carotid artery was located but not tied and hypoxia was not applied.
-I/R group: Neck was dissected, the right carotid artery was tied and hypoxia was induced, modified Levine-Rice model was sampled.
-O )*)-JURXS ZDV FDOOHG )*) O
FGF-JURXS)*)
-PJNJR]RQHJURXSZDVFDOOHG2]RQHDQG
WKHPJNJR]RQHJURXS2]RQH
FGF-2 and ozone groups received these substances in saline via the intraperitoneal after I/R. At
the end of the recovery period (2h), rats were sacrificed by cervical dislocation after being anesthetized
with isoflurane. Kidneys were removed to analyze
glomerular and tubular structures using light microscopic routine follow-up procedures.

Data analysis. Mean and standard deviations
of glomerular diameters were determined in kidney
sections. The glomerular diameters of the groups
were compared. Kidney damage was scored by grading glomerular, tubular and interstitial changes.
Kruskal-Wallis test and multiple group comparisons
were used to analyze data.

RESULTS
Histopathological results. The examinations
under the light microscopy showed that the control
group had normal kidney tissues and the control
groups treated with H-E had normal histological
structures of glomerular renal tissue, Bowman's capsule and range and proximal and distal tubules (Figure 1A, B, C). Kidney sections with ischemia-reperfusion were examined under a light microscope to
evaluate structural changes in the proximal tubules
(tubular atrophy, vacuolization and dilatation), mononuclear cell infiltration, interstitial structural
changes erythrocyte extravasation, renal corpuscular morphology, necrotic cells and hydropic changes
in the tubule lumen. The I/R group had a glomerular
collapse and occasional sclerotic changes in the kidney sections, occlusion in Bowman's range in some
glomeruli and excessive ultrafiltrate accumulation
and dilatation in other glomeruli. Inflammatory infiltration and occasional hemorrhage were detected in
periglomerular areas. Epithelial damage and tubular
degeneration were present in the renal tubules. Eosinophilic and periodic acid-Schiff (PAS) + material
accumulation was detected in the lumen of some tubules. There was inflammatory infiltration, hemorrhage and edema in the peritubular interstitium (Figure 1D, E, F).

Histopathological examination. Kidney tisVXHV ZHUH FXW LQWR VPDOO SLHFHV DQG IL[HG LQ 
buffered formalin for light microscopic processing.
Light microscopic routine follow-up procedures
ZHUH SHUIRUPHG 7KH - ȝP WKLFN VHFWLRQV ZHUH
taken from the tissues and embedded in paraffin
blocks. Obtained sections were deparaffinized and
stained with Hematoxylin-Eosin (H-( 0HUFN
Darmstadt, Germany) and periodic acid shiff (PAS)
staining and evaluated using a Nikon Optiphot-2
light microscope, Nikon DS-Fi2 camera and the DS
Image Analysis System (Nikon Corporation, Tokyo,
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gorov-Smirnov test was used to analyze the distribution of normality. The groups were normally distributed in terms of glomerularity (S!0. 

FIGURE 1
Sham group
)LJXUH $%&  ZDV VHHQ DV QRUPDOH *ORPHUXO * 
Distal tubul (D), Proksimal Tubul (P). In the I/R group
(Figure 1D,E,F) was VHHQ mononuclear cell infiltration
and erythrocyte extravasation (black star), interstisial
structural changes renal and corpuscular morphology
(arrow), excessive ultrafiltrate and hydropic changes in the
tubule lümen (Gn, red and white areas), Glomerular
collapse (Gc), Glomurular necrosis (Gn). H&E, Scale bar
P

FIGURE 3
Ozone groups
2]RQH )LJXUH $-%  0LQLPDO LQIODPPDWRU\
infiltration (left arrow), minimal glomerular collapse (Gc),
eosinophilic material in tubule lumen and cellular debris
(arrowhead), peritubular edema (star), congestion (right
arrow) in peritubular capillaries were observed in the
JORPHUXOL * 2]RQH )LJXUH&-' *ORPHUXO * Ln
some areas, cellular debris in the tubule lumen (rigt arrow).
Minimally glomerular collapse (Gc) and tubular collapse
LQDOOSDUHQFK\PDODUHD+ (6FDOHEDU P

The FGF10 group (Figure 2A, B) had tubular
epithelial damage, glomerular collapse, inflammaWRU\ LQILOWUDWLRQ WXEXODU FROODSVH-shrinkage, occasional hemorrhage in periglomerular areas and
edema in the peritubular interstitium. The FGF20
group (Figure 2C-D) had glomerular debris in particular tubule lumen, epithelial damage in some tubules and minimal glomerular collapse. The
2]RQHJURXS(Figure 3A-B) had minimal inflammatory infiltration, minimal glomerular collapse
(Gc), eosinophilic material in tubule lumen and cellular debris peritubular edema and congestion in
peritubular capillaries in the glomeruli (G), periglomerular and peritubular areas. The 2]RQH
group (Figure 3C-D) had cellular debris in the tubule
lumen and minimal glomerular collapse in some areas and tubular collapse in all parenchymal areas.
There was a difference between the groups in
terms of glomerular diameter (p: 0.001). There was
a difference between the sham group and all other
groups in the "comparison of glomerular diameters"
EHWZHHQWKHJURXSV S  Figure 4). There was a
difference between the I/R and FGF20 groups, I/R
DQG 2]RQH JURXSV DQG WKH )*) DQG 2]RQH
groups. The groups were not normally distributed in
terms of total scores (p .  The ANOVA and
Tukey tests were performed on the normally distributed groups. The Kruskal-Wallis and post-hoc tests
were applied to the groups without normal

FIGURE 2
FGF-2 groups
FGF10(A-B) and FGF20(C-D). FGF- JURXSV )LJXUH
2A-%  7XEXO HSLWKHOLDO GDPDJH LQ VRPH DUHDV DQG
inflammatory infiltration (black arrow), Glomeruler
collapse (Gc), tubular collapse-shrinkage, and FGF20
group (Figure 2C-' *ORPHUXO * GHEULVLQVRPHWXEXOH
lumen (arrow), epithelial damage in some tubules (arrow),
minimal glomerular collapse (Gc) was observed. H&E,
6FDOHEDU m.

Data analysis. Data were analyzed using Statistica and Medcalc package programs and presented
DVPHDQVWDQGDUGGHYLDWLRQ'HVFULSWLYHVWDWLVWLFVRI
JURXSV 0HDQSD) were given in Table 1 and scoring of kidney damage of groups in Table 2. Kolmo-
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TABLE 1
Descriptive Statistics of Groups (Mean± Std. Deviation)
Descriptive Statistics
Groups

(n)

Sham
I/R
FGF10
FGF20
2]RQH
2]RQH








mean± Std.







Glomerular Diameter
Glomerular Diameter
Glomerular Diameter
Glomerular Diameter
Glomerular Diameter
Glomerular Diameter

TABLE 2
6FRUÕQJRI.ÕGQH\
Damage
0

Scoring of Kidney Damage of Groups
Glomerular damage*
Tubular damage**

Interstitial damage***

absent

absent

absent

1
2

 ޒRIJORPHUXOLDIIHFWHG
–JORPHUXOLaffected

ޒRIWXEXOHVLQMXUHG
–RIWXEXOHVLQMXUHG

mild
moderate

3

 ޓRIJORPHUXOLDIIHFWHG

ޓRIWXEXOHVLQMXUHG

severe

*collapse

and sclerotic changes, narrowing or disappearance of the Bowman’s space, capillary collapse.
tubular cells were swollen, renal tubular epithelial cells abnormality, pyknotic nuclei.
***inflammation, interstitial edema, hemorrhage.
**The

FIGURE 4
The total score changes of the groups and the
median was taken into consideration (p <0.001).
When comparing multiple groups; Total score
changes were found between Sham and I/R,
25mg/kg Ozone, 10μl/ml FGF (p <0.005).

FIGURE 5
It shows that the changes in the glomerular
diameter measurements of the groups and the
graph was plotted according to the averages.
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(Figure 4-  6LPLODUO\ /L HW DO UHSRUWHG >@ WKDW
hypoxia increased the responsiveness of the endothelial cells to FGF-2 and the number of FGF-2 binding
sites on heparan sulfate (HS) chains. In our study, the
glomerular collapse (Gc) and the inflammatory infiltration was evident in the FGF10 group. However,
minimal epithelial damage and glomerular collapse
were observed in some tubules of the FGF20 group
(Figure 2). Additionally, the epithelial cells observed
in the FGF20 group were morphologically similar to
those in the sham group. These results suggested that
FGF-2 was beneficial and promising in restoring the
UHQDOWXEXODUVWUXFWXUHV7DQHWDO>@UHSRUWHGWKDW
the protective effects of FGF-2 occurred owing to its
ability to diminish the severity of I/R induced mitochondrial-damage parameters, including the
proapoptotic change. Their study provided the experimental evidence that an exogenous administration of FGF-2 provided robust protection against renal I/R.
Moreover, a hypoxic microenvironment takes
part in the development of abnormal angiogenesis
promoting the synthesis of growth factors at extreme
levels (i.e. FGF). Endothelial cells tend to switch to
an angiogenic phenotype depending on the presence
of growth factors [20] and FGF-2 is recognized as an
angiogenic growth factor involved in kidney growth
and regeneration. In our study, the glomerular collapse due to hypoxia was alleviated due to the increased FGF-2 synthesis or its exogenous supplementation. So, it may be an effective agent promoting recovery in the glomerular endothelium. Different points of view or contradicting opinions were reported on the effect of FGF-2 on AKI. Former studies in rodents demonstrated that a single intrarenal
injection of FGF-2 improved the outcomes after
AKI. Increased plasma levels of FGF-2 are usually
observed in sepsis in children who are at risk of a
progressive AKI. However, the role of circulating
FGF-2 in the pathogenesis of AKI is not clear yet
[21]. Wai K. et al. suggested that FGF-2 may be a
biomarker for the diagnosis of AKI and predict the
risk of mortality in critically ill children [22].
Ozone was the other agent investigated for its
effects on AKI. Although the molecular structure of
ozone is unstable, a remarkably high number of studies report that O3’s dynamic resonance structures facilitate the physiological interactions useful in treating a spectrum of variable pathologies [23]. As in our
study, recent in vitro and in vivo studies suggest that
ozone has strong immune-modulating and curative
effects and ozone therapy can be beneficial in healing inflammation-mediated diseases and sophistiFDWHGLVFKHPLFGLVHDVHV>@ Also, ozone treatment prevents oxidative stress by facilitating antioxLGDQWV\VWHPV>@Ozone oxidative preconditioning
(OOP), a type of ozone therapy, was found to have a
proteFWLYHHIIHFWDJDLQVW,5LQWKHNLGQH\>@
Our study investigated whether ozone treatment had beneficial effects on I/R in the renal tissues

distribution. Total damage score changes were found
EHWZHHQ WKH VKDP DQG ,5 2]RQH DQG )*)
groups (Figure 4). The I/R and FGF20 groups and
,5DQG2]RQHJURXSVKDGVLJQLILFDQWGLIIHUHQFHV
in terms of the average diameter of glomeruli (Figure


DISCUSSION
Hypoxia, resulting from an imbalance in oxygen supply and demand, is considered to be a major
factor in the pathogenesis of ischemic renal diseases
>@ In our study, the effects of experimentally induced ischemia-reperfusion on the renal tissues were investigated in rats. An excessive degeneration in the kidney tissue occurred at the cellular
level in the cortex and medullary structure, especially in the tubules of the I/R group. A mononuclear
cell infiltration and the extravasation of erythrocytes,
interstitial structural changes and alterations in the
renal and corpuscular morphology, excessive ultrafiltrate accumulation hydropic changes in the lumen
of the tubules, glomerular collapse and necrosis were
observed in this group (Figure 1). Similarly, the recent studies showed that reducing the renal oxygen
potential/blood flow played an important role in AKI
and the oxidative stress-related mediators and the resulting inflammation induced a wide range of complications in the course of the ischemic renal diseases
>@. Hypoxia and ischemia trigger a large number
of responses aiming to compensate for the reduced
oxygen supply. These reactions indicated an increased expression of growth factors >@Although
FGF-2 is significantly involved in the repair processes after I/R injuries, the molecular mechanisms
underlying this FGF-2 signaling-mediated function
against I/R have not been established yet. Furthermore, it is unknown whether an exogenous administration of FGF-2 can deliver beneficial therapeutic
HIIHFWV DJDLQVW UHQDO ,5 >@ ,Q RXU VWXG\ )*)-2
and ozone were applied to promote renal repair and
regeneration after a hypoxic ischemia process. VilODQXHYDHWDO>@UHSRUWHGWKDWE)*)VWLPXODWHVDQ
earlier expression of nephrogenic proteins after the
development of an ischemic AKI. The expression of
the proteins occurs locally and is repeated in regenerating the proximal tubular cells excessively when
a recombinant bFGF is administered. The results of
our study demonstrate the curative and repairing effects of the exogenously injected FGF-2 in hypoxia/ischemia (H/I) stress. In the FGF10 and
FGF20 groups (Figure 2), elicited regenerative effects in sensitive tubular structures were affected by
H/I. The total damage scores and glomerular diameters of the FGF10 and FGF20 groups were significantly different. The reason for this difference may
be explained by the higher dose that the FGF20
group received, which might have resulted in the
beneficial effects observed in the tubular structures
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of rats. Renal hypoxia is the major cause of acute renal failure after transplantation surgery in humans.
Orakdogen et al. [29] reported that the O3 oxidative
preconditioning (ozoneOPs) provided protection
against I/R. After the increased levels of endothelial
NO synthase, ozoneOPs were found to be associated
with the increased NO synthesis alleviating the renal
injury. Evaluation of tubular endothelial structure at
microscopic level had a great importance in or study.
Cisplatin (CDDP), one of the chemotherapeutics, has
a documented nephrotoxic effect. The nephrotoxic
effect develops after the formation of free radicals
and ROS scavengers may lead to acute renal failure.
The O2-O3 therapy is used to increase the antioxidant capacity to prevent these molecules. A study
used O2-O3 therapy to increase the antioxidant activity in rats exposed to CDDP. Furthermore, O2-O3
therapy restored the levels of defending molecules
involved in antioxidant mechanisms (GSH, SOD,
CAT, and GSH-Px) [30, 31]. Ozone treatment (i.p)
has prevented histopathological damage and increased in the apoptotic index [32]. Ozone therapy
can have significant clinical effects especially in
minimizing the pre-WUDQVSODQW NLGQH\GDPDJH >@
Ozone oxidative preconditioning could enhance the
anti-oxidative system and suppress the inflammatory
reaction [33].
Similar to the biochemical test results in our
study, the ozone treatment elicited positive results
with signs of improvement in the tissue samples. In
WKH2]RQHJURXS )LJXUH$% DPLQLPDOGHJUHH
of inflammatory infiltration, glomerular collapse, accumulation of eosinophilic material and cellular debris in the tubular lumen, peritubular edema, and
congestion in peritubular capillaries were observed
in the glomeruli, periglomerular and peritubular arHDV,QWKH2]RQHJURXS )LJXUH&-D), a minimal
amount of cellular debris was observed in the tubular
lumen along with glomerular and tubular collapses
in all parenchymal areas. Compared to the I/R group,
these findings indicated that the extent of kidney inMXU\ZDVDOOHYLDWHGLQWKH2]RQHJURXS
In recent studies, ozone treatment was investigated in several areas including but was not limited
to I/R injury, chronic inflammatory diseases, chronic
DXWRLPPXQH GLVHDVHV SDLQ DQG RUDO KHDOWK ,Q RXU
study, FGF-2 and ozone applications were found to
create a positive effect on the diameter of the glomeruli in the hypoxia-induced renal injury in rats (in
)LJXUH $OVRWKHGLDPHWHUVRIWKHJORPHUXOLZHUH
more favorable with a two-fold increase in the doses
of FGF2 and ozone. Furthermore, the FGF20 group
had the morphological damage scores closest to
those of the sham group, in which the most favorable
results were observed. The second group with effecWLYHUHVXOWVRQUHFRYHU\ZDVWKH2]RQH7KHGRVHdependent efficacy was achieved in the FGF20 and
2]RQH JURXSV )XUWKHU VWXGLHV VKRXOG EH FRQ
ducted based on histological evaluations and scorings to determine the optimal dose.
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CONCLUSIONS
Our new findings in FGF-2 mediated protection against renal I/R may also shed light on the I/Rrelated disorders in renal tissues. This study suggested that FGF-2 and ozone have the potential to be
used for the prevention and treatment of I/R related
AKI. There is a need to gain a better insight into the
stages of tubular and glomerular cell proliferation
and regeneration and it is required to establish definite modes of treatment. An optimal dose adjustment
is critically essential. The use of FGF-2 and ozone
applications may provide an opportunity to promote
the stromal and parenchymal regeneration allowing
for restoring healthy kidney functions. Despite the
available findings on the FGF-2 and ozone applications, further studies are required to establish their
use in medicine as innovative treatment options.
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During the study period, Vietnamese coffee export price volatility was almost parallel with the fluctuation of the World's Robusta coffee price and more
stable than that of Brazilian coffee price. After a long
period of steadily climbing from 40 US cents/lb in
2004 to 111 cents/lb in 2008, Vietnamese coffee export price had a period of adjustment in the three
years from 2008 to early 2011 and the transaction
price was adjusted about only 70 US cents/lb. The
price peaked at 110.16 US cents/lb in May 2011 before hitting the lowest point of 74.71 US cents/lb in
April 2016. Currently, Vietnam coffee export price
is being traded (FOB Ho Chi Minh price) approximately 100 US cents/lb. Despite the fact that the
fluctuation of Vietnamese coffee export price is
more stable than Brazilian coffee price volatility, it
still fluctuates without any rules and very difficult to
predict (see Figure 1).
In the World, researches about the influence of
the microeconomic and macroeconomic factors on
the price volatility of the agricultural commodity
have been studied by many authors. For instance, the
relationship between oil price and an agricultural
price has been reported by [5, 6, 7, 8, 9, 10, 11], and
so on. Study on relationship among exchange rate
and agricultural price or agricultural market has been
accomplished by [12, 13, 14, 15, 16, 17] and so on.
But these works have almost examined the
relationship between two time series variables,
rarely studied the effect of many independent variables on one dependent variable. Furthermore, the
main subjects of them are the main agricultural commodities such as corn, soybean, wheat, and so on.
Significantly, few studies have addressed coffee
price volatility. There are only some researches of
Vietnamese scholars on coffee price volatility in
general and Vietnamese coffee price volatility in
particular, such as [18, 3, 4]. The

ABSTRACT
This paper analyzes the influence of factors as
the price of futures market, World oil price, and exchange rate on Vietnamese coffee export price volatility by using Cointegration test, Granger causality
test, and VAR/VEC model. The results reveal one
co-integrating equation among the selected variables.
In addition, only Robusta coffee price and Arabica
coffee price are in Granger causality relationship
with Vietnamese coffee export price, but not vice
versa. Finally, the study suggests that Robusta coffee
price is the most closely related variable which has
the greatest impact on the variation of Vietnamese
coffee export price in the selected variables. The obtained results in this paper are very helpful for Vietnamese coffee farmers, exporters and stakeholders in
investment and risk management, also to Vietnam
Government for policymaking.

KEYWORDS:
Cointegration test, Granger causality, price volatility,
VAR model, VEC model, Vietnamese coffee

INTRODUCTION
Vietnam is one of the countries exporting various agricultural products, such as maritime products,
greengrocery, cashew nut, rice, coffee and so on [1].
Especially, Vietnam is the biggest exporter of Robusta coffee which is one of two main kinds of coffee
in the World, with an export value of 3.21 billion
USD [1]. Being an agricultural commodity, Vietnamese coffee is not only affected by the market
price fluctuation of internal industry factors but also
influenced by the volatility of non-agricultural products such as the World oil price, exchange rate and
so on [2, 3, 4].
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FIGURE 1
The fluctuation of coffee prices
Source: ICO, GSO of Vietnam and author’s calculation (Unit: US cent/lb)

authors mainly used the multiple linear regression
model and the cointegration test. However, the biggest lack of multiple linear regression model when
estimating time series data is spurious regression if
the variables are not stationary at level [19, 20, 21,
22].
Being aware of the limitations of the previous
studies, the author aims to identify whether the volatility of four selected variables (VND/USD exchange rate, the World crude oil price, the World
coffee price in the futures market) has any explanatory impact on the volatility of independent variable
(Vietnamese coffee export price). This literature
concentrates on the volatility transmission mechanism of the selected variables to Vietnamese coffee
export price volatility, detailed as the equation, level,
trend and time of volatility transmission. To achieve
these goals, this study uses time series data from
January 2004 to December 2017 in order to test the
cointegrating relationship, Granger causality and
build VEC model to examine the effect of variables
on the export price of Vietnamese coffee. The results
provide such valuable information to Vietnamese
farmers and stakeholders in risk management and investment, also to Vietnam Government for
policymaking.
The paper is organized as follow: The literature
is reviewed in Section 2. Study area and data sources
are mentioned in Section 3. Research methodologies
are outlined in Section 4. Interpretation and discussion on empirical results are present in Section 5. Finally, Section 6 is a brief summary of this paper.

LITERATURE REVIEW
There is an enormous literature regarding researching about the linkages between time series dataset, and these papers normally use some models
such as multiple linear regression model, VAR
model, VEC model, ARCH-family and GARCHfamily models to find the relationship among time
series variables. Especially, a number of researchers
studied the relationships among time series price
variables, including the influence of futures market
price on spot market price, the impact of the World
oil price and the relationship between exchange rate
and agricultural product price.
The relationship between futures market price
and spot market price has been examined by [5, 6, 7,
8, 23, 10, 11], and so on. Most scholars have confirmed that there is cointegration between spot price
and futures price. [5] found a long-term equilibrium
relationship between futures price and cash price for
soybeans and a weak short-term efficiency in the
soybean futures market by using Johansen’s cointegration test. Meanwhile, [6] also affirmed that existing the relationship between futures prices and spot
price, and futures price appears to play a dominant
and significant role in the spot market. [8], suggested
that spot prices are generally discovered in futures
market and change in futures prices, which leads to
change in spot prices more often than the reverse.
According to JunYu, however, in the long-term, the
price of Chinese natural rubber futures market is in
negative relationship with that of spot market, the futures market is the Granger reason for spot market
and vice versa. The effect of Chinese natural rubber
spot market price on futures market price is larger
than the influence of futures market price on spot
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market price [10]. Based on [23], there is only unidirectional causality from futures to spot prices but the
adjustment of innovations or shocks in spot market
is relatively slower than that in futures market. Additionally, [11] also indicated that spot prices are
generally discovered in futures markets.
Significantly, the changes in future price lead to the
change in spot prices more often than the reverse, but
what the relationship between two variables is negative or positive still has not defined.
As same as the relationship mentioned above,
the relationship between the World oil price and agricultural product price was studied by many authors.
Although these researches use various different
methods and models, the existence of volatility spillover from crude oil price to agricultural commodity
price or long-run equilibrium relationship among
them has been found in almost literatures such as [12,
24, 14, 25, 15, 9] and so on. [12] investigated that the
price spillover from crude oil futures to corn and
soybean futures does not exist during the lower crude
oil price period but they are positively significant
during the higher crude oil price period. [24] through
using ARDL model also affirmed the change in the
crude oil price can make the influence on the change
in the grain price. Though the magnitudes of effect
differ from country to country and in different time
periods, the positive influence of the World oil prices
on food prices in some selected Asia and Pacific
countries was found by Alom through VAR model
and GARCH-family models (Alom et al., 2011). In
additions, [25] discovered the evidence of volatility
spillover among crude oil, corn, and wheat markets
by using Bayesian Markov chain Monte Carlo methods. The direct and indirect impact of oil market (via
fertilizer market) on food commodity market are also
found out in the research of Onour and Sergi when
the authors used GARCH model [9]. [16] applied the
newly developed causality in variance test and impulse response functions into daily data to examine
volatility transmission between the price of oil and
selected agricultural commodity (wheat, corn, soybeans, and sugar). According to the variance causality test, there is no risk transmission between oil and
agricultural commodity in the pre-crisis period,
while oil market volatility spills on the agricultural
market with the exception of sugar in the post-crisis
period. The impulse response analysis also suggested that a shock to oil price volatility is transmitted to agricultural market only in the post-crisis period.
The relationship between exchange rate and agricultural products price have also examined by [26,
27, 13, 28, 17, 29], and so on. According to Devadoss, [29], the Yuan devaluation clearly puts an
effect on agricultural commodity trade between the
United States and China in short-run and long-run.
When Yuan devaluates, China’s imports of agricultural commodities from the U.S go down meanwhile
the U.S. agricultural imports from China go up.
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Especially, [30] examined the relationship between
Oil, exchange rate and commodity price at the same
time. The most important point in this literature is
that with the variables such as exchange rates, corn,
and oil, all of these prices are interrelated. There are
also a very small number of studies finding a relationship among the fluctuation of agricultural product price and some other macroeconomic variables
such as CPI, GDP, food production index [31], financial market [32] (see Table 1).
In these studies above, the research objectives
are mainly some popular commodities as corn, wheat,
and so on. About coffee, there are only some researches regarding coffee price in general or Vietnamese coffee price volatility in particular, as [33, 3,
18, 34, 35]. [3] used multiple linear regression models to identify and measure the impact of some factors such as exchange rate and gasoline price on the
export price of Vietnamese coffee in the period
2008-2014. A cointegration between Vietnamese
coffee price and the World coffee price, therefore,
was found out. Based on the pairwise Granger test,
the author estimated that Vietnamese coffee price
could not affect the World’s price, but not vice-versa.
The very important result of this study is that exchange rate and gasoline price would affect the
export price of Vietnamese coffee. In 2016, once
again, [4] indicated that Vietnamese coffee price
fluctuated with the trends of the World coffee price.
The results showed that the Brazilian coffee price
seemed to make an important effect on Vietnamese
coffee export price which was estimated to go up by
0.31% with a 1% growth in the former price.
Apparently, there is already a large empirical
literature on the dynamics of price transmissions
among factors and agricultural commodity markets.
The majority of these studies mainly affirmed the
separate impact of futures market price, oil price as
well as exchange rate on agricultural commodities
price volatility. However, these conclusions about
the influence direction appear to be unidentified. The
differences were probably arising from different
time periods, datasets, frequencies, methodologies,
models utilized and commodity line. Furthermore,
although there is some evidence on the influence of
factors on coffee export price volatility, it is not clear
and detailed, especially in the literature researching
about Vietnamese coffee since these studies only
used multiple regression model.
In an effort to address the limitations about research subject and the lack of multiple regression
model in the previous researches, this paper attempts
to fill the gap in the literature regarding the volatility
transmissions among some factors and Vietnamese
coffee export price. The author applies cointegration
test, VAR model, VEC model, and Granger causality
test to analyze the simultaneous influence of these
selected variables on the fluctuation of new research
subject – Vietnamese coffee export price. The hypothesis is that Vietnamese coffee export price is a
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Variables
LNPRBt
LNPARt
LNPOILt
LNEXt

STUDY
[42]
[43]
[44]
[45]
[46]
[24]
[31]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[28]
[16]
[55]
[56]
[57]
[58]
[32]
[59]
[29]
[60]
[61]
[62]
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Expected
Relationship

Explanation
Log of Robusta coffee first nearby contract futures price
at time t
Log of Arabica coffee first nearby contract futures price
at time t
Log of the World crude oil WTI first nearby contract futures price at time t
Log of VND/USD exchange rate at time t

+/+/+/-

Related studies
[5], [6], [7], [8], [10],
[11], …
[12], [24], [14], [25],
[15], [9]…
[26], [27], [13], [28],
[29], …

TABLE 1
Summary of some related literature review
DATA
MODEL
COMMODITY
Secondary data converted from
Stationary test, cointegration
ten commodities of eight coun10 commodities
test, ECM
tries
Monthly, 1992-2002
VAR
Agricultural products
Weekly, 2003-2007
VECM
Commodities
Granger-causality, multivariQuarterly, 1984-2008
Commodities
ate regressions
Based on data from more than 60
monthly price series from 12 AfTAR, ECM, VECM
Commodities
rican countries.
Weekly, 1983-2010
ARDL
WTI crude oil, corn, soybean
The World food, and the World
Monthly, 1961-2005
VAR, PCA
oil, CPI, food production index,
GDP
Weekly, 1994-2008
VECM
9 commodities
Monthly, 1989M7 – 2010M2
VECM, TVECM
Commodities
Toda-Yamato linear and
Weekly, 1994 – 2010
Diks–Panchenko nonlinear
Coin, soybean, and wheat
granger test
Monthly, 1990-2011
ECM
Coffee and cocoa
Diesel, biodiesel, soy oil, rapeMonthly, 2002-2008
MS-VECM
seed oil
Annual, 1961-2011
SVAR
Ethanol, corn
Italian wheat, corn, soybean,
Weekly, 2002 – 2010
VECM
crude oil
US soybean, corn, wheat, oil, ethMonthly, 1995 – 2010
TVECM
anol
World oil price, 24 agricultural
Monthly, 1980-2010
Panel VECM
commodities, US dollar
Daily, 1986-2011
Causality test
Oil and agricultural commodities
Weekly, 2006-2010
VECM
Italian agricultural commodities
Non-linear smooth transition
Monthly, 2000-2012
Seven agricultural commodities
approach, cointegration test
Daily, 2009-2014
VECM model
Agricultural commodities
Monthly, 2004-2011
QARCH-M-ECM
Indian soybean
TVP-VAR, Markov Chain
International food, energy, and fiMonthly, 1980 – 2012
Monte Carlo method
nancial market
Annual, 1950-2012
Linear regression
US Commodities
US, China agricultural commodiAnnual, 1986-2010
ECM model
ties, US/RMB exchange rate
Daily, 2008-2014
VAR model
Indian Agricultural commodities
Johansen’s Cointegration and
Soybean, Chana, Maize, Jeera,
Monthly, 2010-2015
regression model
and Turmeric
Monthly, 1992-2014
VECM
Seven commodities

Source: Summarized by author
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Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque-Bera
Probability
Sum
Sum Sq. Dev.
Observations
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LNPVN
7.392090
7.524987
7.795058
6.418691
0.378010
-1.261827
3.563036
46.80088
0.000000
1241.871
23.86283
168

Fresenius Environmental Bulletin

TABLE 2
Descriptive statistics
LNPRB
LNPAR
7.394666
8.005735
7.491645
7.967127
7.851746
8.735855
6.548510
7.289590
0.308815
0.294764
-1.088728
0.273541
3.427312
3.243592
34.46738
2.510449
0.000000
0.285012
1242.304
1344.964
15.92623
14.50997
168
168

LNPOIL
4.223200
4.247423
4.941642
3.498022
0.335344
-0.183047
1.992166
8.048287
0.017879
709.4976
18.78003
168

LNEX
9.839700
9.848609
10.03056
9.659503
0.136709
-0.117937
1.250604
21.81215
0.000018
1653.070
3.121103
168

Sources: Calculated by author’s using Eviews

function of four other variables: Robusta coffee first
nearby contract future prices, Arabica coffee first
nearby contract future prices (representing supplementary and complementary products), the World
crude oil WTI first nearby contract future price (representing transportation cost reserves to export Vietnam’s coffee) and VND/USD exchange rate (due
this paper studies Vietnamese coffee export price
volatility and most of the contracts use USD for payment). The model of this research is suggested as:
LNPVNt = F(LNPRBt, LNPARt, LNPOILt, LNEXt)
Where:
LPVNt: Log of Vietnamese coffee
export price at time t (Dependent variable)

reports in 2017, coffee is one of the seven biggest
agricultural export products with an export turnover
of more than 3.2 billion USD or 1.5% of total export
turnover. In addition, coffee becomes a major source
of income for coffee growers and solves 600 thousand direct jobs and some million indirect jobs for
rural labors every year [1]. Therefore, when Vietnamese coffee export price fluctuates, it is affecting
not only the export turnover of Vietnam but directly
the lives of million labors as well.
Data sources. This study uses monthly data for
the period from January, 2004 to December, 2017,
including 168 observations for each variable: Vietnamese coffee bean export price converted from the
reports of the Government Statistics Office of Vietnam (GSO of Vietnam); Robusta coffee first
nearby contract futures price, Arabica coffee first
nearby contract futures price, and the World crude
oil first nearby contract futures price which are from
the website https://www.investing.com/commodities/ and VND/USD exchange rate collected from
the International Monetary Fund (IMF). All data
then is converted into the log-log equation for time
series processing and descriptive statistics of variables (see Table 2).

MATERIALS AND METHODES
Study area. Vietnam is a country of tropical
lowlands, hills, and densely forested highlands.
Within the southern portion of Vietnam is a plateau
known as the Central Highlands (Tay Nguyen), approximately 51,800 square kilometers of rugged
mountain peaks, extensive forests, and rich soil. Because of the great range of latitudes and elevations,
the climate in Vietnam is remarkably diverse for a
tropical country. Humidity averages 84 percent
throughout the year. Annual rainfall ranges from
1,200 to 3,000 millimeters, and annual temperatures
vary between 5 degrees C and 37 degrees C. Besides
Vietnam’s good geographic and climate conditions
for coffee cultivation, basaltic red soil distributing
throughout the territory and mainly concentrated at
the Central Highlands (about 1 million hectares)
with high natural fertility and thick soil layers is also
very suitable for planting coffee tree. Furthermore,
the population of Vietnam is about 96 million people
with the proportion of labor force is 57% (approximately 55 million labors) [1]. Obviously, these are
the basic competitive factors to develop coffee
plantation and production in Vietnam.
With all the advantages mentioned above, coffee has become one of the main exported agricultural
commodities in Vietnam. According to the statistics

Research Methodologies. (1) Cointegration
test. In the 1980s, Engle and Granger proposed the
concept of cointegration [36]. If the time series (t =
1, 2, ...) becomes a smooth time series after d differences, and the sequence difference is d – 1 times,
then the sequence Xt is called a d-ordered single integer sequence, denoted as Xt ~ I(d). If the two time
series Xt to I(d), the linear combination aXt + bYt of
Yt to I(d) is (d-b) order monotonous, aXt + bYt to I(dE  GE , then Xt and Yt are called (d-b) order
cointegrated. For those time series variables that are
non-stationary, if some of their linear combinations
are stationary, the linear combination reflects the
long-term equilibrium relationship between the variables, that is the cointegration relationship.
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Testing cointegration is a significant step to
check either existing empirically meaningful relationship in the model or not. If variables have different trend processes, they cannot stay in a fixed longrun relationship, implying that you cannot model the
long-run, and there is usually no valid base for inference based on standard distributions. If you do not
find cointegration, it is necessary to continue working with variables in differences instead. The cointegration relationship between variables can be tested
by using Johansen cointegration method [37] and
Engle-Granger two-step cointegration method [36].

the better the model's freedom is. Thus, an equilibrium must be established between p and R-squared,
this equilibrium can be determined by the AIC and
SC principles.
When the variables of a VAR are co-integrated
at the same order, we use a vector error-correction
(VEC) model. A VEC model for two variables as below:
¨yt= A1¨yt-1 + A2¨yt-2 +-…+ AP¨yt-p %¨xt İt
The Eviews 8.0 software will be used to estimate and test all the hypothesis of the above testing
and model.

(2) Granger causality test. The Granger causality test [38] assumes that all the information about
the predictions of y and x is contained in the time series of these variables. Inspection requirements estimate the following regressions:
q

yt
xt

i 1

j 1

s

s

¦O x

i t i

i 1

RESULTS AND DISCUSSION
Unit root test. In order to examine the effect of
factors on Vietnamese coffee export price, the author
will go to test the stationary of all variables. Before
the stationary test is carried out, it is necessary to make
sure all of the variable volatility is a trend and/or an
intercept or not. Figure 2 presents that the stationary
test of variables will be conducted with intercept and
upward trend, except LNPOIL variable which has intercept but without a clear trend.
The results of preliminary checking reveal that
all of the series is considered to be stationary. To be
more conservative, according to Schwert [40] Pmax
= 13, thirteen lagged differences are used to test the
stationarity of variables. The stationarity is tested by
using the Augmented Dickey-Fuller (ADF) and Phillips Perron tests (PP). Table 3 describes the ADF test
results and the PP test results on the level and the
first difference. In both tests, the null hypothesis is
unit root for each variable.
From the results of Unit root test, these variables were not stationary at the level, in other words,
these series contained a unit root. The non-stationary
series were tested again by taking the first difference.
After the test, five logarithms of variables are stationary at first difference with level 1%. It means that
all of the variables are integrated at the same order.
Hence we can run cointegration test for all of the
variables, and VAR model becomes VEC model.

q

¦ Di xt i  ¦ E j yt  j  u1t
 ¦ G j yt  j  u2t

(1)

(2)

j 1

Where: xt, yt, represent two variables; yt-j, xt-i denote the lag of yt, xt respectively; ĮiȕjȜiįj denote
the coefficient estimation of the lag term; i, j, q, s
denote lag order; u1t and u2t are white noise and assumed to be irrelevant.
Equation (1) assumes that current y is related to
y itself and the past value of x, and equation (2) assumes similar behavior for x. For (1), the null hypothesis H Į1  Į2  «  Įq ; for (2), the null
hypothesis H į1 į2 « įs . Values of Fstatistic and P-probability will be used to make
decision to accept or reject the null hypothesis.
(3) VAR model and VEC model. Vector
autoregressive model (VAR) was introduced as a
technique that could be used by macroeconomists to
characterize the joint dynamic behavior of a collection of variables without requiring strong restrictions
of the kind needed to identify underlying structural
parameters [39]. It has become a prevalent method
of time-series modeling.
The expression of VAR model can be expressed as:

yt
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Determination of Lags. The author uses the
lowest of six criteria as a primary concern. LR (Likelihood - Ratio), FPE (Final Prediction Error), AIC
(Akaike Information Criterion), SC (Schwarz Information Criterion), HQ (Hannan- Quinn Information
Criterion) are used to determine the lag length [41]
(see Table 4). Based on the result of these methods
(which is indicated by “*” in the output), we proceed
further test with lags (1).

A1 yt 1  A2 yt  2  ...  Ap yt  p  Bxt  H t

Among them, yt is k-dimensional vector of the
endogenous variable vector (k = 1,…,K), t is the
number of samples, p is the order of the lagged variable, and xt is the d-dimensional exogenous variable
vector. The (K x k)- dimensional matrix A1,..., Ap
and (K × d) - dimensional matrix B are the coeffiFLHQWPDWULFHVWREHXVHGIRUHVWLPDWLRQİt is a vector
of k-dimensional disturbances. For the VAR model,
in order to fully reflect the dynamic characteristics
of the model, generally, p and R-squared must be
large enough. But it is uncertain that the bigger p is,

Cointegration test. Cointegration rank is estimated by using Johansen methodology. Johansen’s
approach derives two likelihood estimators for the
CI rank: a Trace test and a Maximum Eigen’s value
test. The results of the cointegration test shown in
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Table 5 display that there is one cointegrating equarate in long-run is also presented. Significantly, this
tion at 0.05 level among variables, which is more
study gives the same results with these mentioned
than zero and less than the number of variables. It
scholars’ research. From this result, the author will
means that there is one long-term relationship among
proceed to estimate VEC model change for VAR
five variables from 2004 to 2017. This result once
model.
again confirms the cointegration relationship beVector Error Correction Model (VEC
tween Vietnamese coffee price and the World coffee
model). The appearance of cointegration among varprice as the research result of [2], [4] or among Vietiables suggests a long-run relationship among five
namese coffee price with energy product price and
variables under consideration. Thus, the VEC model
exchange rate [3]. In addition, the evidence demoncan be applied. The VEC model shows the relationstrating the existence of a relationship between the
ship between variables in the period from January
spot market price and the futures market price, as
2004 to December 2017 with the equation for one
well as among the price of an agricultural product
cointegrating vector of the dependent variable as diswith the price of an energy product and exchange
played below (standard errors in parentheses):
ECM
= LNPVN
- 1.045 LNPRB + 0.109 LNPAR - 0.066 LNPOIL
- 0.681 LNEX
+ 6.446
(0.04388)
(0.05026)
(0.03481)
(0.08860)
12

10

8
LNPVN
LNPRB

6

LNPOIL
LNPAR

4

LNEX

2

1
7
13
19
25
31
37
43
49
55
61
67
73
79
85
91
97
103
109
115
121
127
133
139
145
151
157
163

0

FIGURE 2
Fluctuation trend of variables
Sources: Drawn by author’s using Excel

Variable
LNPVN
DLNPVN
LNPRB
DLNPRB
LNPAR
DLNPAR
LNPOIL
DLNPOIL
LNEX
DLNEX

(C,T,L)*
(1,1,13)
(1,1,13)
(1,1,13)
(1,1,13)
(1,1,13)
(1,1,13)
(1,0,13)
(1,0,13)
(1,1,13)
(1,1,13)

TABLE 3
ADF and Phillips Perron tests results
ADF t – statistic PP t - statistic
1% level
-1.618734
-1.843602
-4.013946
-11.19394
-11.19067
-4.014288
-2.405140
-2.115097
-4.014288
-11.26183
-11.17793
-4.014288
-2.461186
-2.282844
-4.013946
-15.26502
-15.26876
-4.014288
-2.694483
-2.748777
-3.469933
-10.0036
-10.05722
-3.469933
-0.258259
-1.352345
-3.469933
-10.36336
-10.26842
-3.469933

5% level
-3.436957
-3.437122
-3.437122
-3.437122
-3.436957
-3.437122
-2.878829
-2.878829
-2.878829
-2.878829

Conclusions
Non-stationary
Stationary
Non-stationary
Stationary
Non-stationary
Stationary
Non-stationary
Stationary
Non-stationary
Stationary

*Note: C is constant or intercept, T is trend and L is lag selection. D represents the first-order difference to the time series
Sources: Calculated by author’s using Eviews
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Lag
0
1
2
3
4
5
6
7
8
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LogL
343.3625
1382.598
1407.226
1419.322
1438.273
1446.592
1463.268
1476.608
1499.139
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TABLE 4
Determining Lag Length Upon VAR Model
LR
FPE
AIC
SC
NA
1.00e-08
-4.229531
-4.133432
2000.529
3.13e-14*
-16.90748*
-16.33088*
45.86983*
3.14e-14
-16.90283
-15.84574
21.77241
3.70e-14
-16.74153
-15.20394
32.92725
4.01e-14
-16.66592
-14.64783
13.93349
4.97e-14
-16.45740
-13.95882
26.89069
5.57e-14
-16.35335
-13.37428
20.67664
6.54e-14
-16.20760
-12.74803
33.51495
6.88e-14
-16.17674
-12.23667

HQ
-4.190509
-16.67334*
-16.47358
-16.11717
-15.84644
-15.44281
-15.14365
-14.80279
-14.57681

Sources: Calculated by author’s using Eviews

TABLE 5
Cointergration rank test
Unrestricted Cointegration Rank Test (Trace)
Hypothesized
Trace
0.05
No. of CE(s)
Eigenvalue
Statistic
Critical Value
None *
0.275931
91.15395
69.81889
At most 1
0.103007
37.55767
47.85613
Trace test indicates 1 cointegrating eqn(s) at the 0.05 level
Unrestricted Cointegration Rank Test (Maximum Eigenvalue)
Hypothesized
Max-Eigen
0.05
No. of CE(s)
Eigenvalue
Statistic
Critical Value
None *
0.275931
53.59628
33.87687
At most 1
0.103007
18.04546
27.58434
Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level

Prob.**
0.0004
0.3217

Prob.**
0.0001
0.4913

Sources: Calculated by author’s using Eviews

TABLE 6
A part of Granger Causality test result
Null Hypothesis:
Obs
LNPOIL does not Granger Cause LNPVN
167
LNPVN does not Granger Cause LNPOIL
LNPRB does not Granger Cause LNPVN
167
LNPVN does not Granger Cause LNPRB
LNPAR does not Granger Cause LNPVN
167
LNPVN does not Granger Cause LNPAR
LNEX does not Granger Cause LNPVN
167
LNPVN does not Granger Cause LNEX

F-Statistic
2.59128
1.06633
20.6112
2.14489
11.5984
0.04097
0.03532
1.51812

Prob.
0.1094
0.3033
1.E-05
0.1450
0.0008
0.8398
0.8512
0.2197

Sources: Calculated by author’s using Eviews

From the above equation, a 1% appreciation of
LNPRB is likely to fall LNPVN by 1.045%. For a 1%
increase in LNPAR, LNPVN goes up by 0.109%.
When LNPOIL grows 1%, LNPVN reduces by
0.066%, and 1% appreciation of LNEX drops
LNPVN by 0.681%. Generally, the result of the
LNPVN equation was found to be satisfactory in
terms of correct signs. It is obvious that LNPRB has
a negative sign with the LNPVN relationship. Meanwhile, LNPAR has a positive sign with the LNPVN.
Probably, because Arabica coffee is supplementary
product of Vietnam Robusta coffee, higher LNPAR
causes LNPVN to rise (according to Supply-Demand
theory). LNPOIL also gives the correct sign (negative sign) with LNPVN. The increase in the World
crude oil price can lead to a rise in transportation and
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production cost, which will make Vietnamese coffee
export price decrease. Last but not least, the
VND/USD exchange rate and Vietnamese coffee export price are in a negative relationship. This relationship is in accordance with reality since when the
exchange rate grows, it makes export products
cheaper relatively. In conclusion, in the long-run, the
relationship among variables found in this study is
totally appropriate to the hypothesis of this study.
But in the short-run, this study found that all coefficients are not significant (because P-value more than
0.05), therefore, there is no short-run causality
among variables.
Granger causality test. Although the
cointegration test among variables does not specify
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FIGURE 3
Inverse roots of AR characteristic polynomial
Sources: Drawn by author’s using Eviews

the direction of a causal relation, economic theory guarantees that there is always Granger Causality in at least one direction. In this research, the results of the cointegration test indicate that there is a
long-term equilibrium among the variables, so this
long-term causal or causal analysis needs further
verification. A Granger causality test with a lag (1)
is conducted to verify the causal relationship among
five variables. Estimation results for Granger Causality among variables are presented in Table 6. The
author uses F-statistics and probability to test causality among the variables, with the null hypothesis of
no Granger Cause among those variables.
Table 6 provides the results of pairwise analysis. Significant probability values denote rejection of
the null hypothesis. In this study, based on F-statistic
and probability value, the null hypothesis will be rejected if the probability value is less than 0.05, and
vice versa. Then, LNPRB and LNPAR have
“Granger cause” with LNPVN unidirectional at the
5% significance level, but not vice versa. The relationship found between two kinds of coffee futures
price with Vietnamese coffee export price is very
suitable in reality as well as in the study of [2]. Significantly, Vietnamese coffee absolutely does not
have dominant power in the World coffee market.
Despite the fact that Vietnam is the World's biggest
exporter of Robusta coffee and the second largest exporter of coffee in the World after Brazil, the price
of Vietnamese coffee is entirely dependent on the
price of the World coffee. The main reason is that
more than 90% of the total coffee production is used
for export (while this proportion of Brazilian coffee
is only 60%), and domestic consumption accounted

for a small proportion (approximately 10 percent)
(ICO, 2017 and author’s calculation). Dependence
on the World coffee market will be a huge risk to
coffee enterprises as well as coffee growers in Vietnam when the price of coffee fluctuates.
Impulse Response Function (IRF) and Variance decomposition analysis. In the final step of the
empirical modeling analysis, the author will define
the response of variables to PVN when a shock in
factors and itself appears. In this regard, the generalized impulse-response functions are derived from the
VAR models for five variables. The optimal lag
lengths in the VAR system are determined via the
Schwartz information criterion - lag (1).
Figure 3 shows that all roots of the VAR model
are within the unit circle. Hence VAR system satisfies the stability condition.
Impulse Response Function (IRF). In practical application, VAR model or VEC model generally
does not analyze how the change of one variable affects another variable. It examines the dynamic influence of one error term of the model or the overall
impact of receiving some kind of shocks and dynamic structural analysis of variables. In addition,
the economic interpretation of single parameter estimation is relatively difficult, when the impulse response analysis is generally required. This article selects the most commonly used analysis of Cholesky
orthogonal impulse response, which is shown in Figure 4.
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Because this study concentrates on researching
the effects of factors on Vietnamese coffee bean export price volatility, this part only analyzes the response of factors to Vietnamese coffee export price.
Figure 4 illustrates that when getting a shock, Vietnamese coffee export price gives the strongest response to itself (the maximum value is 4.6% in period 1) and dies out. On the other hand, the response
of Robusta coffee first nearby contract futures price
to a shock in Vietnamese coffee export price is the
strongest among responses of independent variables,
it decreases slowly from 4.6% in period 1 to 2.4% in
period 10. The initial response of Arabica coffee first
nearby contract futures price to a unit shock in Viet-

Fresenius Environmental Bulletin

namese coffee export price is small, only 1.8% in period 1 and then dies out to zero in period 10. The
Figure also shows that the response of Crude oil first
nearby contract futures price to Vietnamese coffee
export price shock is not much and dies out (from 2%
to 0.9% after 10 periods). Finally, the initial response
of VND/USD to a shock in Vietnamese coffee export
price can also be considered irresponsive, because
the influence level is very modest, although it has an
upward trend (an increase from zero to 0.9% after 10
periods).
After determining the response of variables in
case a shock appears, this study will go to the next
step to examine the volatility variance of Vietnamese
coffee export price.

Response of LNPVN to LNPVN
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Sources: Drawn by author’s using Eviews
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Period
1
2
3
4
5
6
7
8
9
10

S.E.
0.046615
0.071697
0.094841
0.115296
0.133446
0.149728
0.164534
0.178163
0.190840
0.202734
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TABLE 7
Variance decomposition of variables
Variance decomposition of LNPVN:
LNPVN
LNPRB
LNPOIL
100.0000
0.000000
0.000000
90.66514
8.837539
0.373418
84.71044
14.21266
0.773454
81.14559
17.35761
1.068742
78.94904
19.26389
1.272784
77.51694
20.49527
1.414306
76.53144
21.33815
1.514996
75.82050
21.94448
1.588919
75.28685
22.39893
1.644907
74.87288
22.75120
1.688534

LNPAR
0.000000
0.014093
0.068314
0.096267
0.115184
0.127489
0.136037
0.142214
0.146857
0.150460

LNEX
0.000000
0.109813
0.235140
0.331786
0.399107
0.445993
0.479378
0.503893
0.522458
0.536924

Sources: Calculated by author’s using Eviews

Variance decomposition analysis. From Table 7, in period 1, 100% of the fluctuation Variance
of LNPVN came from the fluctuation of itself. There
is a slight decline from 90.66514% in period 2 to
84.87288% in period 10. The effects of factors to
variance decomposition of the fluctuation of Vietnam export coffee price is not the same. Among
the independent variables in period 2, the influence
of LNPRB is the biggest with 8.837539% before experiencing an increase to 22.7512% at period 10.
Meanwhile, the effect of other variables is tiny, the
maximum is only approximately 1.7%.

In summary, the new findings of this article
would contribute to further improve the studies of
price volatility in the use of time series data practically and theoretically. About theoretical values, this
study applied Cointegration test, Granger causality
test and VAR, VEC model to examine one new research subject (Vietnamese coffee export price) and
provide more an evidence confirming the existence
of the relationship between spot market price and futures market price, among energy products and agricultural products, between exchange rate and agricultural export price. About practical values, the results of this study can help the Government of Vietnam, coffee enterprises and coffee farmers clearly
understand the fluctuation of Vietnamese coffee export price and pay more attention to the influence of
Robusta coffee first nearby contract futures price on
it to have the proper strategies.
However, there are still some limitations in this
paper. These restrictions can be a hint for future research. In that respect, future studies can extend the
literature at least in two ways so as to provide some
new insights: Firstly, the number of independent variables or the length of time in collecting data can be
extended. Secondly, researchers can extend the number of independent variables and use another model
to examine, such as Structure vector autoregressive
model, Panel vector autoregressive model or Markov
switching vector autoregressive with the same data.

CONCLUSIONS
The fluctuation of agricultural products is always a difficult issue for countries with underdeveloped agriculture like Vietnam. Export coffee price as
an example, it always fluctuates unpredictably,
which directly affects not only the export turnover
but a large number of farmers’ income as well.
Using time series data from January 2004 to
December 2017, this paper investigated the influence of some factors on Vietnamese coffee export
price. The results demonstrated that five variables
are co-integrated with each other at a 99% confidence level, but Granger causality test confirmed
that Vietnamese coffee export price is influenced by
the Robusta coffee and Arabia coffee first nearby
contract futures price, but the Vietnamese coffee export price cannot put a significant effect on two variables above. Meanwhile, the remaining variables do
not affect Vietnamese coffee export price and vice
versa. The results from this study also approved the
cointegration relationship between variables and export price of Vietnamese coffee in the long-run, but
in the short-run, this literature did not find out this
relation. Among independent variables, the effect of
Robusta coffee first nearby contract futures price on
Vietnamese coffee export price is discovered to be
negative and the strongest.
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ABSTRACT

INTRODUCTION

Growing globalization along with rapidly advancing demographic, technological, and economic
motions affects the image of many cities in today’s
world. High-rise growing, in the world has been
clearly seen since the last two decades. In recent
years, the city landscape has been impacted by modern high-rise buildings and has become a major matter from the point of the landscape conservation of a
city like Istanbul with a historical peninsula silhouette. In this article, which argues the aesthetics of the
manmade environment, assorted elements have been
assessed by the users based on the formal aesthetic
measure in the 4th Levent area, where high-rise
buildings are intense. In this context, this article aims
to specify the elements that can enhance user preferences, quality of urban landscapes, and the approach
of different social groups towards the place. Visual
survey methodology, which is applied here to determine the user's perception of the place, is the main
method of the study based on visual landscape evaluation techniques. 95 individuals participating in the
survey were asked to assess formal aesthetic factors
consisting of building facade effect, building aesthetics, sovereignty, diversity, prestige, background,
trust and superiority for 15 chosen high-rise commercial buildings. One-way ANOVA, correlation
and regression tests were applied on the data which
collected through questionnaire. With the regression
models to be created, formal aesthetic variables
which were meaningfully predictable in the perceptions of the urban area were determined. The findings and results are expected to supply substantial resources to the relevant city stakeholders in future urban landscape studies.

Visual landscape quality assessment is an important component of environmental planning. With
an emphasis on the objective aspects of the environment in the landscape of the city, [1] defines the city
landscape as follows: 'City Landscape' is the art of
imparting a visual coherence and organization to the
complexity of buildings, streets, and spaces that
make up the urban environment. The important question reverberating in the evaluation of the image of
the city is not whether the construction or green texture is intense, but whether both are distributed in a
balanced harmony parallel to the identity of the city
without making up great contrasts in the city [2]. According to [3], for the environment to be imageable,
it should have a meaningful, descriptive, stimulating,
harmonious, and sensory pleasure-giving quality rather than being stable, perfect, organized, and
unique.
One of the common features of the seven wonders of the ancient world (e.g., the Temple of Artemis at Ephesus, the Lighthouse of Alexandria, and
the Great Pyramid at Giza Egypt) is that they are all
tall and visible [4]. In today's modern cities, people
may have a tendency to identify with the scale and
power of human creations, not those of nature [5].
High-rise buildings can show a sense of socio-economic power, and can also promote the city as a leading and modern trading center. Skyscrapers symbolize the pride of people in cities and exhibit the
achievements of the passion of warm architecture
and the logic of cold engineering [6]. In a perspective
of last two decades the increase of high-rise development on Earth is clearly visible [7]. The most important aspect is the visual influence of tall buildings
on the city landscape. However, they may be a significant threat, especially for historically developed
cities with precious urban and architectural monuments and relics [8, 9, and 10]. The impact of highrise buildings on cities can be evaluated in many
ways. One of these ways is the impact that tall buildings make on the city landscape and how people perceive it.
In cases where the diversity of the urban silhouette is little, similar structures come together side by
side and create a monotonous appearance, while the

KEYWORDS:
Urban Landscape, Istanbul, High-rise Buildings, Formal
aesthetics

11165

© by PSP

Volume 29 – No. 12A/2020 pages 11165-11174

combination of structures and textures that do not
match each other also create a disturbing complexity
to the observer. The beauty that is created by the aesthetic diversity of urban silhouette is formed by design criteria regarding the form of structures and textures that make up the silhouette. These are features
such as height, color, and vertical effect [11].
There are different approaches in measuring
people's assessment of their residential environment,
but the human perception-based approach has been
widely used in environmental planning practices and
it is the dominant approach of research [12]. The use
of photographs in the assessment of landscape aesthetics has been considered as a valid method for
many experts [13, 14, 15, 16, 17, and 18]. However,
in the philosophy of aesthetics, it has been long debated whether beauty is in “the object” or in “the
eyes of the observer” [19]. Therefore, environmental
aesthetics and accompanying sociological studies
provide scientific results shaped by the participation
of stakeholders meeting the needs of today's democratic societies. As stated by [20], nowadays, a different ‘glocal’ landscape is arising where picturesque panorama on iconic historical buildings are
protected, which act as the decor for new skyscrapers. Conversely, we need analytical techniques to efficiently, precisely and quickly determine spatial
consequences of new buildings which are supposed
to be constructed in specific locations. Especially tall
buildings should go through deep city landscape
analysis. Relevant studies and tools are needed as
emphasized by numerous examples of distorting historical urban development [21, 10, and 22].
Overpopulation in Istanbul city increases the
function of the city significantly. High-rise buildings, being the most prominent part of thHøVWDQEXO
landscape [23], have played an important role in carrying out this study. Various studies have previously
been carried out regarding the high-rise building images in the city of Istanbul. According to the study
of [24], Citizens expressed discomfort with the forPDO FKDUDFWHULVWLF RI WKH øVWDQEXO FLW\ DQG IRXQG LW
negative in experiential way. These feelings and perceptions leave them feeling alienated from the city
rather than feeling they are a part of this portrait. Unfortunately, they found the city repellent and threatening.
Therefore, this study allowed users to evaluate
various factors, based on the formal aesthetic dimension, in an area with high-rise buildings. In this context, this study aimed to determine the factors that
increase preferences in urban landscapes, and the attitudes of different social groups towards the place.
The study discussed the 4th Levent axis in Istanbul city, where the density of high-rise buildings
is high, one of the major cities in Turkey (Figure 1).
During the day, the area is a highly populated business district.
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FIGURE 1
Remote Images of High-Rise Buildings
Famous architect Le Corbusier, who claimed
that the best coastal silhouette in the world is in Istanbul and conveyed this claim on his drawings,
made a lot of paintings of the Historic Peninsula silhouette [25]. According to [26], there are two main
factors that make up the city skyline; unusual landscape features and dominant structures. Istanbul,
which was founded on a special topography, has undergone a settlement process, transformed, and become the capital city of empires since its first settlement in the city walls until it has gained the appearance of today's metropolis. The city has a historical
wealth hosting the urban and building culture of Ionian, Greek, Roman, Byzantine, Ottoman and Turkish civilizations together and a geographical and
topographic structure that bring two continents together with the Bosphorus, the Golden Horn and the
seven hills. The landscape formations in newly developed and developing areas out of the historical
texture of Istanbul city is less controlled and less
scrutinized [2, 27].
A skyscraper makes people involved in the design and construction proud as well as citizens and
politicians over some qualities such as the tallest, the
largest, the strongest, and the most beautiful [4]. In
this context, Istanbul is a good example for exhibiting the changing urban landscape due to modernization and urbanization phenomena. The critical location of the 4th Levent region Buyukdere Street Istanbul was effective in the selection of this area. This
street is located on the route from Sabiha Gökçen International Airport in the Anatolian side of Istanbul
to the European side. Therefore, the high-rise buildings in this region are within sight of many domestic
and foreign passengers. In addition, the silhouette of
these high-rise buildings can be seen from the Asian
coast and many other places. In the historical development, Levent region has transformed from the status of social housing, into the area of prestigious villas with gardens in the city center, and then to the
pile of plazas, which are the capillary extensions of
skyscrapers, with very high monthly rent [28]. The
foundation of Levent axis
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FIGURE 2
An Overall View of the Study Area
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FIGURE 3
The Visuals of the Selected High-Rise Buildings
commercial and
financial buildings along
Büyükdere Street (Figure 2), were taken from
different angles, and then photographs which are the
best representative the image of each building were
chosen by 3 experts (Figure 3). Then, the most
commonly used formal aesthetic parameters in the
literature were selected for the survey.

skyscraper construction dates back to 1958,
when the development of Barbaros Boulevard and
its extension Büyükdere Avenue started. In the case
of Levent, the skyscraper construction highlights the
desire to gain visibility in the city rather than a
functional need [29, 30].

Determination of the Visual Quality
Criteria. One of the approaches in evaluating the
urban landscape from an aesthetic point of view is
the visual objective approach that believes aesthetic
is in the nature of the landscape. In this approach,
landscapes created based on general aesthetic rules

MATERIALS AND METHODS
Selection of the visuals of the study area. In
this context, a total of 120 photographs of 15
different high-rise (Above 10 storey and highest)
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TABLE 1
Visual evaluation variables used in the literature related to the topic
Variables
Facade effect

References
[37, 38, 39]

Building aesthetics

[37, 38, 39, 40]

Dominance (focal
image)

[41, 38, 42, 43]

Diversity (having
different elements)

[41, 43, 38, 42]

Prestige
[44, 6, 4]

Background

[41, 40, 45, 38, 46]

Confidence

[47, 48, 49]

Superiority,
magnificence
(monumentality)

[43, 38, 42]

Explanation
A high score should be given if the use of materials on the
exterior of the building in the image is perceived as
different and impressive from other surrounding buildings;
otherwise, a low score should be given.
A high score should be given if the overall appearance of
the building is perceived aesthetic; otherwise, a low score
should be given.
If the dominance of the building in the image over the area
is perceived to be high, a high score should be given;
otherwise, a low score should be given.
A high score should be given if the building in the image is
perceived to have many elements different from each other;
otherwise, a low score should be given.
If the building in the image is perceived to be a prestigious
structure and also perceived to be effective as a meeting
point or telling directions, a high score should be given;
otherwise, a low score should be given.
If a landscape and its beauty are perceived in the
background of the building in the image or its environs, a
high score should be given; otherwise, a low score should
be given.
A high score should be given if the building has a
confidence effect on the evaluator; otherwise, a low score
should be given.
A high score should be given if the building gives a feeling
of superiority or magnificence to the evaluator; otherwise, a
low score should be given.

subjects using the simple random sampling method
with ± 0.05 sampling error, p = 0.5, and q = 0.5. It
was predicted to represent the target area in spite of
the specified deficiencies. In simple random
sampling, each element constituting the universe has
an equal chance of entering the sample. Therefore,
the weight to be given to each element in the
calculations is the same [50]. [51] were used to
calculate the sample sizes. According to [52], the
total population of 4 th Levent center was
determined. The following formula was used in the
sampling method used in this research. Formula n =
Nt2pq

are thought to be understood as beautiful landscapes
by people [31, 32]. The another approach in aesthetic
evaluation, on the other hand, is based on
subjectivity, and the aesthetic perception of the
landscape is based on individuals’ mindset and the
factors specific to individuals [33, 34, 35].
Accordingly, objective elements can be said to
form the urban landscape together with subjective
concepts. Therefore, factors and indicators that
affect the quality of urban landscape include
objective elements (facade, wall, urban furniture,
permeability, proximity, skyline, readability, mixed
and various applications, integration) and subjective
elements (security, memories, sensory wealth, sense
of belonging, spatial identity, and social solidarity)
[36, 23]. This study handles the formal aesthetic
dimension in the man-built area of Istanbul, where
high-rise buildings are dense. In the study, the
participants were asked to evaluate formal aesthetic
parameters including facade effect, building
aesthetics, dominance (focal image), diversity,
prestige, background, confidence, superiority, and
magnificence (dominant image) (Table 1).

Survey Instrument Design. In order to measure the perceptions of the participants about the highrise buildings, the questionnaire was administered to
the 95 individuals who had seen the area together
with these photographs before. The subjects scored
(in +2, +1, 0, -1, -2 fashion) the photo of each building on a 5-point Likert type scale within the context
of formal aesthetic variables.
Statistical Analysis. One-way ANOVA, correlation and regression tests were implemented in the
analysis of the data collected through the questionnaire. With the regression models to be created, formal aesthetic variables, which were significant predictors of perceptions of urban areas, were determined. SPSS 10.0 Statistical Software Package was
used in the analyses. Spearman’s Correlation Test

The Survey and the Sampling Model. The
study was carried out with visual landscape
assessment techniques. The main method of the
study is the visual survey technique which is
implemented with visuals and which is used for
determining users’ perception of the place. The
sample size was determined as a minimum of 95
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and One Way Analysis of Variance (ANOVA) were
used to compare the mean scores.

levels regarding buildings F(14-1410)=9,221,
P<0,001. In other words, the preferences of the
participants vary significantly by the type of
buildings. Users were found to like these buildings
significantly more than other buildings.
According to the results of the Tukey test conducted to find out between which groups the differences between the categories were, building B12 was
found to be preferred more than ( = 1,1158) other
buildings and this building was found to make up the
most liked group alone in Tukey test. According to
Tukey groups, the last group consisted of B1 ( =
0,0842) B4 ( = 0,0632) and B15 ( = 0,0211)
buildings. 5 different main groups emerged based on
Tukey findings. These groups were named as a, b, c,
d, and e (Table 3).
The groups forming according to Tukey a represents the highest rating.
According to the evaluations, while building
B12 was the most favored building, B15 was the
least rated building. While the users mostly rated the
aesthetics and facade effect of the most favored
building in the evaluation, the least rated building
was found to have a poor aesthetic effect (Table 4).

FINDINGS
Demographic features of the users. In the
survey 51.6% of the users were female and 48.4%
were male. 85.7% of the respondents were city
dwellers and 14.3% were from visitors from outside
the city. 20.3% of the respondents were in the 18-25
age group, while 41.1% in the 26-23 age group (Table 2). On the other hand, 14.8 % of them were high
school graduates, 49.5% university graduates, and
35.7% had a postgraduate degree.
TABLE 2
Demographic features of the users
Gender
Age

Education

Female
Male
18-25
26-33
34-41
42-49
Over 50
High school
License
Postgraduate
Officer
Worker
Self-employment
Student
Unemployed
Other
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%
51,6
48,4
20,3
41,1
8,4
20,7
9,5
14,8
49,5
35,7
12,5
7,4
18,9
18,9
3,2
39,1

Determination of formal aesthetic elements
that predict users' preferences for all buildings.
Table 5 presents the results of the regression analysis
regarding the prediction of preferences for all
buildings according to formal aesthetic variables.
The table clearly shows a significant relationship
between the predictive variables and the dependent
variables (F(8-1414)=883,275 p<0,001). As is seen in
the table, five variables significantly affected the
rating. These variables included the facade effect,
building aesthetics, having different elements,
prestige, and magnificence (R=0,913; R2=0,833).
The model explained 83.3% of the total variance.
The examination of beta coefficients of the

Testing users' likes according to buildings.
Descriptive statistics about the preference of the
participants are given in Table 3 and Anova results
regarding buildings are given in Table 4. The results
of the analysis indicated that there was a significant
difference between the participants' appreciation

TABLE 3
One-way ANOVA Results Regarding the Change in the Rating Scores of the Participants by Buildings
N

Mean score

Standard
Degree of
F value
Deviation
Freedom
B1e
95
0,0842
0,96385
B2cde
95
0,3368
0,88258
95
0,2737
1,09585
B3 cde
B4e
95
0,0632
0,95439
95
0,4737
0,92071
B5bcde
B6
95
0,4526
1,10865
B7bcd
95
0,5895
1,09636
B8de
95
0,2000
0,96315
14-1410
9,221
95
0,9158
0,99641
B9ab
B10bcde
95
0,3684
1,00056
95
0,7263
1,08610
B11abc
B12a
95
1,1158
1,08042
95
0,3053
1,00078
B13 cde
B14de
95
0,1789
1,01036
95
0,0211
1,05163
B15e
a ab abc abcd bcde cde de e The groups forming according to Tukey a represents the highest rating.
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TABLE 4
One-way ANOVA results for the mean rating scores of the participants
according to the buildings
ANOVA
Building
Source of the variance
Intergroup
Intra-group
Total

Sum of squares

Degree of
freedom

133,361
1456,568
1589,930

Mean of squares

14
1410
1424

F

9,526
1,033

P
9,221

,000

TABLE 5
The results of regression analysis regarding the prediction of preferences for all buildings
The model

Coefficients
Non-standardized Standardized
t
Coefficients
Coefficients
B
Standard
Beta
error
0,083
0,013
6,423
0,387
0,023
0,406 16,818
0,218
0,024
0,232
9,237
0,012
0,024
0,013
0,523

(Constant)
Facade effect
Building aesthetics
Dominance
Having different
0,079
0,021
elements
prestige
0,118
0,024
Background
0,031
0,018
Confidence
0,020
0,018
Magnificence
0,087
0,022
R=0,913; R2=0,833 F(8-1414)=883,275 p<0,001

P

Correlation
Dual

Partial

Single

0,000
0,000**
0,000**
0,601

0,880
0,859
0,796

0,408
0,239
0,014

0,183
0,100
0,006

0,083

3,857

0,000**

0,786

0,102

0,042

0,121
0,031
0,019
0,090

5,012
1,749
1,108
3,995

0,000**
0,080
0,268
0,000**

0,816
0,694
0,664
0,775

0,132
0,046
0,029
0,106

0,054
0,019
0,012
0,043

TABLE 6
The results of the regression analysis related to the prediction of preferences
for the most rated B12 building
Coefficients
Non-standardized Standardized
Coefficients
Coefficients
B
Standard error
Beta
(Constant)
,043
,059
Facade effect
,272
,094
,275
Building aesthetics
,340
,087
,353
Dominance
-,256
,091
-,254
Having different elements
,181
,064
,192
prestige
,076
,090
,073
Background
,008
,053
,009
Confidence
-,077
,073
-,078
Magnificence
,422
,091
,434
R=0,943; R2=0,890 F(8-86)=86,860 p<0,001
The model

significant variables indicated that all the significant
variables had coefficients with positive values.

t

P

Dual
,727 ,469
2,902,005* ,897
3,921,000* ,891
-2,805,006* ,794
2,826,006* ,776
,845 ,400 ,840
,159 ,874 ,690
-1,062 ,291 ,751
4,632 ,000 ,855*

Correlation
Dual
,299
,389
-,290
,291
,091
,017
-,114
,447

Single
,104
,140
-,100
,101
,030
,006
-,038
,166

variables included facade effect, building aesthetics,
dominance, having different elements, and
magnificence (R=0,943; R2=0,890). The model was
determined to explain 89% of the total variance. The
examination of beta coefficients of the significant
variables laid out that all the significant variables,
except for dominance, had a coefficient with a
positive value. However, there was an inverse
relationship between dominance and preferences for
this building.

Determination of formal aesthetic elements
that predict users' preferences for the most rated
building. Table 6 shows the results of the regression
analysis related to the prediction of preferences for
the most rated building B12 according to the formal
aesthetic variables. The table clearly shows that there
is a significant relationship between predictive
variables and dependent variables (F(8-186)=86,860
p<0,001). When the table is examined, five variables
were found to significantly affect the ratings. These
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this respect, in order to improve human perceptions
in the design of high-rise buildings in the urban landscape, the physical, innovative, and creative aspects
should be given more attention, facade design should
involve various creative compositions, urban texture
should be in harmony with natural and physical aspects and a comprehensible concept should be created.
In recent years, the world has witnessed the
transformation of large cities by high building clusters due to population growth and globalization. The
introduction of high-rise buildings in Istanbul dates
back to the 1950s. But in the real sense, the test of
Istanbul with skyscrapers began in the 1980s. The
skyscrapers rapidly increasing in number, each with
a claim to be higher than the previous one, were first
seen on the axis of Büyükdere Street between
Maslak and Zincirlikuyu [61]. Skyscrapers changed
the city's face as a result of the accelerated construction activities in Istanbul, especially after the 2000s.
Skyscrapers, which had been utilized as holding or
bank administration buildings and hotels until recently, are now used as offices, hospitals, and residences. Istanbul first met a building that was higher
than 100 m in 1989, which was called as Maya Plaza.
According to the data of Emporis, a worldwide database, Istanbul has the title of the tallest city in Europe, ranking the 22nd in the tallest cities of the
world category, considering the already constructed
skyscrapers in Turkey [62, 63].
One can see the landscape of Istanbul city and
the beautiful coastal skyline from the windows of
these tall buildings with a panoramic view. However, as in other big cities, high-rise buildings have
become the dominant physical factor in Istanbul.
With their identities and features based on their functions and locations, these high-rise buildings provide
a new expression to Istanbul's local urban landscape.
The study also evaluated the effects of high-rise
buildings on the urban landscape and urban identity
of Istanbul city and the findings are thought to shed
light on future urban landscape studies. By expanding this study, it is possible to develop strategies visually for urban space designs with the historical appearance of the city. Future studies are recommended to study and discuss the urban context and
background design, and also the existence of structures compatible with the surrounding landscape and
overall texture and identity of the city.

RESULTS AND DISCUSSION
According to the results of the study, the results
of the regression analysis related to the prediction of
preferences for all buildings clearly indicated that
there was a significant relationship between the predictive variables and the dependent variables. The
analysis laid out that four out of eight variables significantly affected the ratings for all buildings and
the rating of the most liked building. These variables
were facade effect, building aesthetics, having different elements, and magnificence. This meant that
the increase in these variables led to an increase in
the preferences for a given building; likewise, the decrease in the same variables would cause a decrease
in the preferences for a given building. In addition,
there was an inversely proportional relationship between the dominance variable and the preference for
the most popular building B12.
According to [24] skyscrapers make impressions as “modern, durable, secure, having good infrastructure, rich and suitable for the city” in citizens¶SHUFHSWLRQøQWKLVVWXG\LWLVDOVRQRWHZRUWK\
that confidence and background variables did not
play an outstandingly effective role in the preferences for high-rise buildings. This result also supSRUWVWKHVWXG\RI$OWXQWDúDQGgQGHU
In the literature, [53], [54], [55] and [56] found
that the facade that establishes a visual communication in the urban landscape was a phenomenon that
is attached a meaning by urban users, rather than a
formal composition and that it made up the language
of a city in terms of the meanings it conveyed. In facade designs, they mentioned the importance of preferring facades distinguished in terms of size, form,
and color instead of monotonous, ordinary facades.
In their study [55], [56], [57], [58], [59] and
[60] determined that structure should be aesthetically
satisfying in urban landscapes, which is an important
design criterion.
According to the results of the study, the most
rated buildings were B12, B9, and B11, respectively,
and the facade effect and building aesthetics were the
two most rated variables in these three buildings.
The data obtained here were determined to support
the studies mentioned above. According to the results of the Tukey test, building B12 was found to be
the most preferred building compared to other buildings and this building was found to make up the most
popular group alone in Tukey test. Building B12 is a
tower-shaped building that reached its iconic form as
a result of the reduction of a rectangular prism to precise geometric parameters. This different and unusual building, built by the reflection of the facade
surfaces to the mass, has different perspectives at
different points due to its location at the intersection
of two main transportation arteries, namely Büyükdere Street and Fatih Sultan Mehmet Bridge. The
features of the most rated building were found to
support the study of [53], [54], [55] and [56] too. In
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weeds in agricultural areas [1, 2]. Tribenuron-methyl
(TBM) is a sulfonurea group systemic effective
herbicide first introduced in 1989. Its chemical formula is C15H17N5O6S, and its chemical name is Methyl 2 - [[(4-methoxy-6-methyl-1,3,5-tirazin-2-yl) methylcarbomyl] sulfamoyl] benzoate. The mechanism of action is the inhibition of the enzyme acetolactate synthetase, which catalyzes the first step in
the synthesis of amino acids such as valine, leucine
and isoleucine. Herbicides inhibit plant growth by
disrupting hormonal balance that regulates plant metabolism, such as cell division, cell elongation and
protein synthesis [3].
Like all pesticides; herbicides cause some
harmful effects on non-target organisms as well as
their benefits in agriculture. Zebrafish (Danio rerio)
is a frequently used model organism in biological,
ecotoxicological and genetic fields. Zebrafish have a
biological structure and physiological system similar
to mammals. It also has the advantage of high fertility and short reproductive cycle. Zebrafish is also a
suitable model organism for the evaluation of hepatotoxicity [4].
The transmission of pesticides to the fish
through the skin and nutrition leads to the formation
of reactive oxygen species (ROS), deterioration of
the activities of antioxidant enzymes and the formation of free radicals. Oxidative stress is the deterioration of the balance of hemostasis caused by the
increase of free radicals and oxidants. The disruption
of this balance between oxidants and antioxidants
causes damage to proteins, lipids and DNA, and disruption of physiological functions [1, 5]. The liver
is the largest gland found in the body of vertebrates.
It plays an important role in the metabolism of carbohydrates, fats, proteins, vitamins, hormones and
regulation of detoxification. Therefore, the liver is
the target organ for toxic reactions. Liver damage or
hepatotoxicity caused by toxic substances is most often caused by drugs and poisons that induce hepatic
damage, including oxidative stress and apoptosis.
The aim of this study was to determine the effects of
different doses of tribenuron-methyl (25, 50 and 100
ppm) on zebrafish liver tissue antioxidant enzymes,
lipid peroxidation and total protein levels.

ABSTRACT
Tribenuron-methyl (TBM) is a sulfonylurea
group herbicide commonly used in weed control and
integrated pest control in the world and in our country. As with all pesticides, its incorporation into the
aquatic environment is dangerous for non-target organisms. Zebrafish (Danio rerio) is a freshwater fish
that has been used frequently as a bioindicator species in the field of environmental toxicology in recent years. In this study, zebrafish were fed with pellet feed in tanks filled with chlorine-free water for 10
fish in each aquarium for two weeks. Experimental
groups were exposed to 25, 50 and 100 ppm doses of
TBM for 96 hours. The experiments were performed
in triplicate. At the end of the period the liver organs
of the fish were dissected and homogenized immediately. Then, reduced glutathione (GSH), malondialdehyde (MDA), total protein (TP) levels and acetylcholinesterase (AChE) and catalase (CAT) enzyme
activities were determined by spectrophotometric
methods.
According to the findings, TP level and CAT
enzyme activity increased in all doses compared to
the control group. MDA levels decreased at all
doses. AChE enzyme activity decreased at 25 and 50
ppm doses and increased at 100 ppm dose group.
GSH levels increased in the 25 and 100 ppm group,
but decreased in the 50 ppm group. In conclusion,
TBM showed a detrimental effect on liver tissue enzyme activities and lipid peroxidation levels of
zebrafish.

KEYWORDS:
Tribenuron-methyl, Oxidative stress, Zebrafish, Liver

INTRODUCTION
The increase in the use of pesticides in agricultural areas reaches dangerous levels for non-target
organisms. Hundreds of newly produced pesticide
formulations are used every year in agricultural
fields and are being tried to combat unwanted organisms. Herbicides are used to combat unwanted small
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Measurement of Malondialdehyde (MDA)
level. The MDA content was measured after incubation at 95°C with thiobarbituric acid in aerobic conditions. The pink colour produced by the reactions
was measured with spectrophotometer at 532 nm.
Specific activity was defined as the unit of activity
per milligram protein [9].

MATERIALS AND METHODS
Experimental design. The zebrafish were purchased from commercial aquarium stores and kept in
10 liters clean glass aquariums at appropriate temperature range (24-28 °C), proper ventilation and
light / dark (14:10 hours) conditions. Before exposure, the fish were adapted to the laboratory environment in a dechlorinated water tank for two weeks.
During the period, they were fed twice a day with
pellet feed and swimming in clean water. The experimental setup was divided into 4 groups with 10 fish
in each aquarium. The groups were identified as
Group I (25 ppm), Group II (50 ppm), Group III (100
ppm) and control group. The experimental period
was planned as 96 hours and the fish were applied in
separate aquariums according to their groups.
Fish were sacrificed on ice cold and liver were
dissected. The liver tissue of fish were removed with
aseptic conditions, cold 0.1 M phosphate buffer (pH
7.4) were added to the liver tissue samples and the
samples were homogenized by using glass tissue homogenizers under ice-bath cooling. Then homogenates were centrifuged at 10.000 g for 30 min at 4°C
to obtain the supernatant for analysing the enzyme
activities. The supernatants were performed under
icebath cooling to keep the enzyme activities stable.
CAT, MDA and total protein levels were detected
using spectrophotometric methods. The experiment
was repeated 3 times. At the end of the experiment,
dead fishes were destroyed by the medical waste
WHDPV RI .DGÕN|\ 0XQLFLSDOLW\ XQGHU DSSURSULDWH
conditions.

Measurement of reduced Glutathione (GSH)
level. GSH concentration was measured with an assay using the dithionitrobenzoic acid (DTNB) recycling method described by Beutler (1974). In this
method, the chromophoric product resulting from
the reaction of the reagent DTNB and free sulphydryl groups possessed a molar absorption at 412 nm
[10].
Statistical analysis. The SPSS 23.0 package
program was used for analysis, results of study were
given as arithmetic means and standard deviations.
The one way analysis of variance and student t-test
were used for the determination of the significance
of the differences between the groups. A value of
p<0,05 was considered statistically significant.

RESULTS AND DISCUSSION
In this study, zebrafish were exposed to 25, 50
and 100 ppm doses of tribenuron-methyl for 96
hours. Glutathione (GSH), malondialdehyde
(MDA), total protein (TP) levels and acetylcholinesterase (AChE) and catalase (CAT) enzyme activities
were determined by spectrophotometric methods.
According to the findings, catalase (CAT) enzyme
activity did not show an increase in 25 and 100 ppm
group, but increased in 50 ppm group compared to
control group. Acetylcholinesterase enzyme (AChE)
activity was higher in all dose groups compared to
control group. Total protein (TP) levels were high
only in 25 and 100 ppm group and close to control in
50 ppm dose group. Malondialdehyde (MDA) levels
increased in 25 ppm group, 50 and 100 ppm groups
were measured close to the control group. Glutathione (GSH) levels showed a slight increase in 25 and
50 ppm group, while it decreased in 100 ppm group.
As a result, it was determined that tribenuron-methyl
administered at different doses had a detrimental effect on zebrafish liver tissue enzyme activities and
lipidperoxidation levels. The data obtained are
shown in Table.1.
All pesticides that interfere with the natural environment leave non-degradable residues on soil,
water and living organisms. The catalase enzyme
plays an important protective role against the destructive effects of reactive oxygen species (ROS) in
animal tissues. Catalase is one of the primary enzymes involved in hydrogen peroxide detoxification
and is of particular importance for the removal of

Measurement of Catalase (CAT) activity.
Catalase enzyme activity was determined according
to the method of Aebi. The principle of the assay is
based on the determination of the rate constant of hydrogen peroxide decomposition by the CAT. Briefly,
the activity was determined by measuring the decrease in absorbance at 240 nm of a reaction mixture
consisting of H2O2, in phosphate buffer, pH 7.0, and
requisite volume of serum sample [6].
Measurement
of
Acetylcholinesterase
(AChE). AChE activity was measured with an assay
using the DTNB (dithionitrobenzoic acid) recycling
method described by Ellman. The method relies on
the spectrophotometric measurement of p-nitrophenol anion quantity formed per thiol molecule as a result of the reaction between DTNB and aliphatic
thiol compounds in tissue in slight alkaline medium
[7].
Measurement of Total Protein (TP) level.
Total protein levels were analysed for liver tissue of
zebrafish. Soluble protein concentration was measured with the Comassie Brilliant blue G-250 using
bovine serum albumin as a standard [8].
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TABLE 1
The mean levels of Catalase (CAT) and Acetylcholinesterase (AChE) enzyme activities, Malondialdehyde
(MDA) and Total protein (TP) of liver tissue of zebrafish (Danio rerio).
Liver tissue
Catalase enzyme (CAT)
TBM dose
Mean
STD. Error
Activity
Group-I - 25 ppm
0.063±0.45
0.01
(U/mg protein)
Group-II - 50 ppm
2.108±0.10
0.01
Group-III - 100 ppm
0.653±0.10
0.01
Control group
1.739±0.10
0.00
Group-I - 25 ppm
0.095±0.21
0.01
Acetylcholinesterase EnGroup-II - 50 ppm
0.027± 0.20
0.01
zyme
Group-III - 100 ppm
0.068±0.21
0.01
(AChE) Activity
(U/mg protein)
Control group
0.0105
0.01
Group-I - 25 ppm
23.591
0.030
Group-II - 50 ppm
10.972
0.030
Total Protein (TP) Levels
Group-III - 100 ppm
13.234
0.030
(μg/μl)
Control group
10.651
0.042
Group-I - 25 ppm
0.0910
0.030
Group-II - 50 ppm
0.0127
0.030
Malondialdehyde (MDA)
Group-III - 100 ppm
0.0142
0.030
Levels
(nmol/g)
Control group
0.0110
0.030
Group-I - 25 ppm
0.092
0.01
Group-II - 50 ppm
0.018
0.01
Glutation (GSH) Levels
Group-III - 100 ppm
0.011
0.01
(nmol/g protein)
Control group
0.014
0.01
H2O2. Also some researchs on various fish species
support our study [1, 11, 12, 13].
Plhalova et al. (2017) investigated the subchronic effects of neem-diminutive T/S biopesticide
with azadirachtin-A on the growth rates, mortality
rates and liver tissue histopathology of juvenile
zebrafish. The researchers reported that different
concentrations of neem-diminutive T/S adversely affected fish growth rates and had negative effects on
oxidative stress indices in the zebrafish fry stage.
They also observed histopathological changes in
liver tissue [5]. Blahova et al. (2013) reported a significant decrease in CAT activity in all experimental
groups of zebra fish exposed to atrazine [2]. Environmental toxicants, such as pesticides, directly increase the cellular concentration of ROS and cause
oxidative damage by reducing cellular antioxidant
capacity. In our study, there was no increase in catalase activity in liver tissue of zebrafish exposed to
tribenuron-methyl for 96 hours in 25 and 100 ppm
groups. In the 100 ppm group, CAT activity increased compared to control. This may be a result of
cellular oxidative damage due to exposure to different concentrations of tetruren-methyl during the experiment. Therefore, we may think that oxidative
balance may play an important role in the prevention
of antioxidant enzyme activity due to tribenuron-methyl exposure. Decrease in CAT levels due to high
superoxide radicals may lead to inhibition of CAT
activity. Zhu et al. (2019) reported that phenobucarb
(2-sec-butylphenyl methyl carbamate) causes insufficiency in metabolic organs in fish [14]. Our results

also showed that pesticides can induce organ failure
in a dose-dependent manner.
There is a great deal of research on the limitation of the activity of enzymes involved in metabolic
events as a result of exposure to pesticides in organisms and causing cell damage in tissues. Enzymes
are biological catalysts in protein structure that accelerate metabolic events in aquatic organisms. Acetylcholinesterase (AChE) is an enzyme synthesized
in the liver. AChE was first isolated from the electric
organ of the electric fish (Torpedo marmoneta). The
task of hepatocyte cells is to produce plasma proteins
in the blood, release into the endocrine system, detoxification of environmental pollutants and pharmaceuticals, deamination of amino acids, storage of triglycerides and glucogen [4, 12]. In a study investigating the possible harmful effects of AChE enzyme
activity on erythrocytes of Rainbow Trout (Oncorhynchus mykiss) after 60 days of chronic exposure of carbosulfan pesticide, physical parameters
such as lack of motion, darkening of color, restless
behavior and loss of balance were observed. In addition, inhibition of AChE enzyme has been reported
to last until the third week after the experiment [15].
In our study, acetylcholinesterase enzyme (AChE)
activity was found to be higher in all dose groups
compared to control group.
Total protein levels are important biochemical
parameters to determine the negative effects of environmental pollutants in aquatic organisms. Proteins
are basic macromolecules for the survival of all living species and they are the main components of the
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growth and development of tissues and organs in organisms. They are also the precursor of enzymes,
hormones, neurotransmitters and cofactors. In one
study, Leporinus obtusidens, a South American
freshwater species, was exposed to different concentrations of clomazoneone for 8 days. Increased protein levels in the liver of fish have been reported at
the end of exposure [16]. Moraes et al., also found
high total protein levels at different doses of imizapic
pesticide [17]. Antioxidant enzyme activity measurements in fish living in nature can be considered
as sensitive markers of exposure to various pesticides [18]. In this study, total protein levels were increased in all three dose groups compared to the control group. This may be due to increased doses of
tribenuron-methyl in the liver, causing oxidative
VWUHVV LQ WKH OLYHU WLVVXH .RQ\DOÕR÷OX DQG 3HUoLQ
(2017), in their study, found that Northern Bluefin
Tuna samples grown in cages had higher levels of
stress-induced antioxidant enzymes in blood tissue
compared to free-living individuals in the natural environment. This study is an important research in
terms of knowing the biological structures of all
kinds of fish living in their natural environment [11].
Vieira et al. (2018) observed that different concentrations of high imidaclobrid (IMI) cause a significant increase in lipid peroxidation levels in liver and
kidney tissues in fish. According to the researchers,
pesticide exposure has caused oxidative stress on
various biological molecules including lipid, proteins and antioxidant enzymes [19]. The results of
our study support these findings. MDA is a product
of lipid peroxidation and shows oxidative damage in
cells and tissues [13]. Changes in MDA levels and
activity of antioxidant enzymes are considered markers of oxidative stress [20, 21]. Pesticide residues
have serious adverse effects on fish and can biodegrade even in farmed fish. Therefore, there are potential risks to human health in the food chain [1].
Lipid peroxidation (LPO) occurs in the cell membrane. It is one of the most important parameters that
determine necrosis in cell degeneration [22]. Environmental pollutants such as heavy metals and pesticides cause oxidative stress in organisms. LPO is frequently used as an indicator of oxidative stress in living cells [23, 24]. Therefore, malondialdehyde is one
of the parameters indicating lipid peroxidation damage in all living organisms. In our study, malondialdehyde (MDA) levels increased in 25 ppm group.
However, it was measured in 50 and 100 ppm groups
close to the control group. The results of our study
indicate that the increase in MDA level in 25 ppm
group may be an indicator of lipid peroxidation due
to free radicals. Maharajan et al. (2018) reported that
high concentrations of piriproxifen may have an adverse effect on the early developmental stages of
eggs and larvae of zebrafish. It has been shown that
these damages that may occur during the developmental stages of organs and tissues such as liver,
pancreas and heart will affect the whole life of the
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fish [12]. In our study, glutathione levels increased
slightly in the 25 and 50 ppm group but decreased in
the 100 ppm group. The increase in glutathione level
can be considered as an adaptation response to tribenuron-methyl. The decrease seen in the 100 ppm
group may be due to increased oxidative stress. Oxidative damage occurs to proteins, lipids, and DNA,
when the concentration of reactive species is not
controlled by counteracting antioxidants such as tocopherols, ascorbic acid, and glutathione or enzymes
involved in oxygen radical scavenging such as catalase, peroxidase, and superoxide dismutase, leading
to cytotoxicity, genotoxicity, and even carcinogenes
[25]. In conclusion, it was determined that tribenuron-methyline applied in different doses had negative effects on zebrafish liver tissue enzyme activities and lipid peroxidation levels.
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an essential element playing an important role in metabolism, it is extremely toxic. It has been found to
inhibit the larval development [7,8] and affect negatively physiological processes in many marine organisms, such as mussels, fish, and crustaceans [912]. The effects of copper for people are hair loss,
anemia, kidney damage and headache [13]. Accumulation of copper takes place in liver, brain, pancreas
and leads to death [14]. So, many techniques, such
as ion exchange [15], supercritical fluid extraction,
adsorption [16], electrodialysis, precipitation [17],
microbial system [18] were used to remove the copper from the waste effluent. The adsorption method
is easy to use, flexibile, simple design and does not
produce toxic pollutants, which can be considered as
an effective and widely used process in the
wastewater treatment [19]. Various adsorbents have
been exploited for the removal of copper from the
wastewater, such as activated carbon, metal oxides
[20], biosorbents [21], agricultural waste/plant material [22], industrial waste and polyamidoamine derivatives [23].

ABSTRACT
In this study, the adsorption of Cu(II) by polyamidoamine-ȕ-cyclodextrin copolymer (PAMAMCD) was investigated with respect to kinetics, thermodynamics and mechanisms. At pH 4.5 to 4.9, under low temperature conditions, the Cu(II) adsorption capacity reaches the maximum. Cu(II) adsorption followed the pseudo-second order kinetic model,
the adsorption process consists of surface adsorption
and intraparticle diffusion. At 288, 293, 298, 303 and
308K, the Gibbs-free energy change values were 6837.15, -5610.78, -5109.81, -5099.83 and -3152.73
J·mol-1, respectively. The adsorption mechanisms
between PAMAM-CD and Cu(II) were demonstrated by X-ray photoelectron spectroscopy analyses, which showed that both oxygen and nitrogen
atoms of PAMAM-CD shared electrons with Cu(II)
during the adsorption process.

KEYWORDS:
Polyamidoamine-ȕ-cyclodextrin copolymer, adsorption,
Cu(II), X-ray photoelectron spectroscopy, adsorption
mechanisms

Polyamidoamine. Polyamidoamine (PAMAM)
dendrimers are synthetic polymer-based nano-particles, which have unique structural components [24].
One of potential applications of PAMAM is that as
agents for the treatment of waste water [25]. Due to
forming inclusion with some guest molecules of suitable polarity and dimension, ȕ-Cyclodextrin (CD)
gained much attention in water purification technology recently. Some CD-based copolymers were successfully applied to the removal of pollutants due to
their sorption abilities [26]. Polyamidoamine-cyclodextrin copolymer (PAMAM-CD) showed some
novel properities and possessed simultaneously the
partial performance both PAMAM and CD [27].
An insoluble PAMAM-CD polymer was synthesized in our previous work, which could be used
as an adsorbent for the removal of chlorophenols and
dye [27]. Studies showed that PAMAM-CD exhibited high adsorption capacities and high removal efficiencies toward those organic compounds. In order
to clarify whether PAMAM-CD can effectively adsorb the heavy metal ions from aqueous solution at

INTRODUCTION
Heavy metal pollution. Heavy metal in the environment has been extensively studied worldwide
because of their potential effects on human health
and natural biota [1-5]. Published data on heavy metals indicate that they are systemic toxicants that can
induce adverse health effects in humans, including
various types of malignancies [2]. Inorganic contaminants consist predominantly of heavy metals, especially copper (Cu), lead (Pb), mercury (Hg), chromium (Cr), and cadmium (Cd) [3].
Copper is one of the most widely used materials
in the world which has a great significance in diverse
fields including biology and nanomedicine. Today,
copper is used as a water purifier, fungicide, antibacterial and antifouling agent [6]. Although copper is
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different adsorption conditions, we have studied the
adsorption behaviors and the adsorption mechanisms
of PAMAM-CD toward Pb(II). For further research
the characteristic of PAMAM-CD as the adsorbent
of heavy metal ions, herein we report the adsorption
ability of copper (II) on PAMAM-CD in aqueous solution.
In this research, we discussed the adsorption
behaviors of Cu(II) from aqueous solution using PAMAM-CD by batch adsorption experiments at different conditions, such as adsorption time, initial pH
and the initial concentration of Cu(II).
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solution was determined by flame atomic absorption
spectrophotometry (FAAS, Perkin Elmer AA/800,
USA). The operating parameters for Cu(II) were set
as follows: lamp current, 9 mA; fuel, acetylene; support, air; flame stoichiometry, oxidizing; wavelength,
342.8 nm; slit width, 1.3 nm. The stability of the
Cu(II) solution (without adsorbents) was tested under the same conditions. Each experiment was carried out 3 times under the same conditions. The adsorption amount of Cu(II) was calculated by equation (1):

qe

V (C0  Ct )
m

(1)

where qe (mg·gí1) is the amount of Cu(II) adsorbed at equilibrium; C0 (mg·L-1) is initial Cu(II)
concentrations in liquid phase; Ce (mg·L-1) is the
equilibrium Cu(II) concentrations in liquid phase. V
(L) is the volume of Cu(II) solution used; and m (g)
is the mass of adsorbent used.

MATERIALS AND METHODS
Materials. In these experiments, all aqueous
solutions were prepared with deionized water
through a Millipore Milli-Q Plus water purification
system, all chemical reagents employed were of analytical grade. Before use, all glassware was rinsed
three times with deionized water.
A stock solution of 100 mg·L-1 of Cu(II) was
prepared by dissolving the required amount of
CuSO4·5H2O with deionized water in a brown flask.

Adsorption kinetics. Fed 50 mg adsorbent
samples separately in a series of flasks containing 50
ml of Cu(II) solutions (100 mg·L-1, pH 4.6) and agitated these solutions at 90 rpm and 288, 298 and 308
K, respectively. Determined and calculated the remaining concentration of Cu(II) in different solutions at different adsorption time intervals. After adsorption, dried the polymer and then stored it in a
desiccator for XPS analyses.

Preparation of PAMAM-CD. PAMAM-CD
copolymer synthetic reaction has already been described in detail in our previous work [28]. The synthesis procedure is as follows: 35 g of tosyl ȕ-cyclodextrin powder was dissolved in 25 g of PAMAM
G 2.0 (40 wt% in ethanol) solution, and the mixture
was refluxed at 55±5 ႏuntil a gel appeared. Cut the
gel into small pieces and soaked them in ethylenediamine at 75±5 ႏfor 10 h, after filtering, washing
and drying to get the products we used in this work.
The polymer sizes range between 40mesh and 60
mesh. The BET surface area of dry copolymer was
1.47 m2·g-1 [27], which was measured by low-temperature nitrogen adsorption isotherms (Micromeritics ASAP 2020, Version 3.01H) at 77 K using a highvacuum volumetric apparatus. Elemental analysis
results showed the product contains 58.57 wt% CD,
and its swelling capacity was about 5 cm3·g-1 in water.

Adsorption isotherms. The adsorption isotherms studies were conducted by the following
method: in each experiment, 50 mg of PAMAM-CD
was mixed with 50 ml of Cu(II) solution at a known
different initial concentration (from 0 to 120 mg·L-1)
at pH 4.6 in a closed flask. These solutions were
swayed at 90 rpm for 18h at set temperature. Then,
the remaining concentration of Cu(II) was determined. The experiments were done at 283, 288, 293,
298 and 308 K, respectively.
Effect of pH. As a critical factor, the pH of a
solution has a significantly affect on the metal ions
adsorption process. To evaluate the effect of pH on
the adsorption of Cu(II), tests were carried out in solutions at 288K. 50 mg dry PAMAM-CD samples
were placed in a series of flasks containing 50 ml of
100 mg·L-1 Cu(II) solution with varying pH (pH 26). Then, the solutions in these flasks were swayed
on a shaker at 90 rpm for 18hˈthe remaining concentration of Cu(II) was measured by FAAS and calculated by equation (1).

Adsorption experiments. The adsorption experiment method was as follows: in each experiment,
50 mg of PAMAM-CD was mixed with 50 ml aqueous solution containing a known concentration Cu(II)
in a sealed flask. The flask was shaken in a constanttemperature oscillator at 90 rpm. The adsorption
temperatures and the concentrations of Cu(II) varied
according to each experiment. Add a small quantity
of HNO3 or NaOH to adjust the initial pH of the solution to pH 4.6. The particles were removed by centrifugation after the adsorption was accomplished
immediately. The residual Cu(II) concentration in

Desorption. To recover the adsorbed Cu(II)
and reuse the adsorbent, 0.5 g of PAMAM-CD
reached adsorption equilibrium previously, was
shaken for 10 min at 298 K with 50 ml of nitric acid
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solution (pH=2) as washing solvent. Then, the particles were separated by centrifugation and the supernatants were determined three times under identical
conditions. The recycle use of PAMAM-CD was carried out 5 cycles by repeating the adsorption and desorption. The recovery ratio was defined as the ratio
of the Cu(II) amount in nitric acid solution to the
amount previously adsorbed on PAMAM-CD.

on the adsorption of PAMAM-CD. In the initial stage
of adsorption, it was shown the rate of adsorption increased instantly, for adsorption at 288K, about 35%
of the equilibrium value occurred in the first 100 min.
Thereafter, with the process of adsorption, desorption rate increased, and adsorption-desorption competed with each other around equilibrium. For this
process, the initial high adsorption rate was mainly
on account of the abundance of the free binding sites,
and as the sites were gradually saturated, it would
lead to the decrease of adsorption rate. In this study,
it cost 1600 min adsorption time for Cu(II) on PAMAM-CD to ensure the adsorption equilibrium.
In order to design and control the adsorption
process, it is necessary to evaluate the adsorption kinetics using theoretical models. Accordingly, the
four most commonly used kinetic models of Simple
Elovich [29], Pseudo-second-order kinetic [30],
Lagergren equation and Bhattacharya-Venkobachor
models [31] were used to test the experiment data.
The Simple Elovich model is defined in equation (2) [29] :

X-ray photoelectron spectroscopy (XPS). An
XSAM-800 multifunctional photo-electron spectrometer (Kratos Analytical, UK) was used to carry
out XPS analyses at room temperature, XVLQJ$O.Į
H9 DQG0J.Į H9 excitation radiation [28]. Spectra were recorded at 12 kV and 15
mA with the X-ray generator operation. The vacuum
in the analysis chamber was 2×10-7 Pa. The Cu 2p3/2
(932.67 eV), Ag 3d5/2 (368.30 eV), and Au 4f7/2
(84.00 eV) photoelectron lines was used to calibrate
the energy scale of the spectrometer, respectively.
Binding energies were corrected using the binding
energy value for C 1s of adventitious carbon fixed at
284.8 eV. Before measuring, the sample was
mounted on a holder and kept under high vacuum in
the preparation chamber overnight, and then it was
transferred to the analysis chamber of the spectrometer to do a survey spectrum. The intensity of the
XPS peak was recorded as counts per second (CPS)
over the range 0-1100 eV.
100
90
80
70
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50
40
30
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qt

qt(mg/g)

(2)

where qt are the amount of Cu(II) ions adsorbed
(mg·gí1) at time t (min), A and B are constant which
can be determined from the slope and intercept of the
plots of qt against logt.
The Pseudo-second-order kinetic model could
be expressed in equation (3) [30]:

t
q

1
k1 q e

2



t
qe

(3)

where, qt and qe are the amount adsorbed at
time t and at equilibrium (mg·g-1), respectively; k1 is
the rate constant (g·mg-1·min-1). The model proposed
by Ho and McKay is based on the assumption that
the adsorption follows a chemisorption process [32].
The Lagergren equation [31] is given as following :

288K
298K
308K

20
10
0
0

A  2.303B log t

200 400 600 800 1000 1200 1400 1600

log qe  qt

t(min)

log qe 

k1t
2.303

(4)

where qt and qe are the amount of Cu(II) ions
adsorbed (mg·gí1) at time t (min) and at equilibrium.
k1 is the rate constant of the Pseudo-first-order adsorption process (miní1).
The Bhattacharya-Venkobachor model can be
described in equation (5) [31]:

FIGURE 1
Effect of contact time on Cu(II) adsorption (conditions: adsorbent: 50 mg; initial concentration:
100 mg/L; volume: 50 ml).

RESULTS AND DISCUSSION

kt

Adsorption kinetics. It’s essential to ascertain
the minimum time to reach adsorption equilibrium
by studying on the effect of contact time. From Figure 1, we can investigate the effect of contact time

U t
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TABLE 1
Kinetic parameters of the sorption of Cu(II) onto PAMAM-CD at various temperatures.
Simple Elovich model
Pseudo-second-order kinetic model
C0(mg gT(K)
1
)
A
B
R2
K
R2
288
101.64
-46.49
19.26 0.9575
0.00006
0.9893
298
100.58
-52.27
19.39 0.9609
0.00005
0.9876
308
99.94
-55.45
18.48 0.9258
0.00004
0.9711
Lagergren
equation
Bhattacharya-Venkobachor
model
C0(mg g
T(K)
1
)
K
R2
K
R2
288
101.64
0.3197
0.9265
-0.0047
0.9444
298
100.58
0.3005
0.8191
-0.0053
0.7613
308
99.94
0.2563
0.9355
-0.0042
0.9367

22
20
18
16
14
12
10
8
6
4
2
0
-200 0

equation (6).

qt

(6)

100
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11
.97
=0
R 76
.98
2 =0
R
93
98
2 =0.
R

288K
298K
308K

k i t 0. 5  c

where, qt (mg·g-1) is the amount of the adsorbed portion at time t (min), ki (mg·g-1·min-1/2) is the intraparticle diffusion rate constant, and c (mg·g-1) is the
intercept.

2

60

qt䠄
㼙㼓㻛㼓㻕

t/qt(min.g/mg)

where c0 is initial Cu(II) ions concentration (mg·Lí1) ,
ct and ce are Cu(II) ions concentration (mg Lí1) at
time t (min) and at equilibrium, k is the rate constant
for the adsorption process (miní1).
The corresponding kinetic parameters from the
above models are shown in Table 1. The goodnessof-fit for the kinetic equation was estimated by the
correlation coefficient (R>0.98). The result showed
that the adsorption system fitted the pseudo-secondorder kinetic model under the experimental conditions (Figure 2).
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FIGURE 2
Ho and McKay plots for adsorption of Cu(II) on
PAMAM-CD.

FIGURE 3
Plots of qt versus t0.5 for the adsorption of Cu(II)
on PAMAM-CD at different temperatures (conditions: adsorbent: 50 mg; initial concentration:
100 mg/L; volume: 50 ml).

Rate-controlling step in the process of adsorption. Generally, the adsorption process includes
liquid membrane diffusion, internal diffusion and adsorption of adsorbate at the active site of the sorbent
[27]. The step of liquid film diffusion and internal
diffusion is usually relatively slower in comparison
to the last one step, therefore, the overall rate of adsorption is controlled by either film or internal diffusion, or a combination of both. The Pesudo-secondorder kinetic equation is unable to elucidate the diffusion mechanisms due to it is an apparent rate equation. For further explore the actual diffusion mechanisms for Cu(II) adsorption on PAMAM-CD under
the experimental conditions, the kinetic experimental data were analyzed by the Weber-Morris

As seen from Figure 3, there were 3 plots at different temperatures with the same features. The plots
of qt versus t0.5 did not pass through the origin and
each plot had two intersecting lines over the whole
time range, which implied that more than one process affected the adsorption. Evaluated two linearity
separately, the first proportion at the beginning of adsorption represented the rapid adsorption of Cu(II)
on the surface of adsorbent, the second linearity followed described Cu(II) ions diffuse into adsorbent
intraparticle or surface pores. It could be observed
that the first proportion had a higher slope and the
second linearity had a lower slop, which suggests
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Ka can be determined from the linear plots of ce/qe
versus ce.
The Freundlich isotherm is an empirical model
which can be used to describe heterogeneous systems. The linear equation of the Freundlich adsorption mode is given as follows [35]:

surface adsorption was more dominant in the first
contact time, thereafter intraparticle diffusion became the rate-controlling step [33].
288K
293K
298K
303K
308K

100

qe(mg/g)

80

lgqe

60
40
20
0
0

5

10
Ce(mg/L)

15

20

25

FIGURE 4
Adsorption isotherms of Cu(II) on PAMAM-CD at different temperatures.
Adsorption isotherms. The temperature effect
on the function of Cu(II) adsorption amount (qe) onto
PAMAM-CD and residual Cu(II) concentration (Ce)
is shown in Figure 4. In order to understand the adsorption mechanism, two traditional adsorption isotherm models of Langmuir [34] and Freundlich [35]
were used to fit the experimental data.
The Langmuir isotherm, which assumes that
adsorption can occur only at a fixed number of definite localized sites and that each site can hold only
one moleculeˈis described in linear equation (7) [36]˖

ce
qe
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c
1
 e
qm K a qm

(7)

where, Ce (mg·L-1) is the equilibrium Cu(II) concentration in solution, qe (mg·g-1) is the adsorption
amount at equilibrium, ka (L·mg-1) is the Langmuir
constant, qm (mg·g-1) is the theoretical maximum adsorption capacity, which represents a practical limiting adsorption capacity when the adsorbent surface
is fully covered with mono-layer adsorbate. qm and

lg K F 

1
lgce
n

(8)

where, KF (mg·gí1) is the constant describing
adsorption capacity related to bond strength and n is
the constant which used to indicate adsorption intensity [36]. KF and n can be calculated from the intercept and slope of the Freundlich linear plots.
The Langmuir isotherm parameters and the
Freundlich isotherm parameters for the adsorption of
Cu(II) on PAMAM-CD are presented in Table 2. Apparently, Freundlich isotherm model was well fitted
to the experimental data. The values of n obtained
for the adsorption process between 1 and 10 (i.e. 1/n
less than 1) represent a favourable adsorption [37].
The data in Table 2 suggesting multilayer adsorption
on heterogeneous adsorbent and assuming the high
adsorption ability toward Cu (II). Obviously, the increased qmax values with decreasing temperature indicated that adsorption was better at lower temperature.
Thermodynamic parameters. The activation
energy for copper adsorption was determined using
the Arrhenius equation,

ln(k ad )



Ea
 ln˄A˅
RT

(9)

where kad is the rate constant for Cu(II) adsorption, Ea is the activation energy in J·mol-1, T is the
temperature, and R is the universal gas constant. The
Ea value for Cu(II) adsorption was calculated from
the slope of the plot of lnkad versus 1000/T.
The thermodynamic parameters, i.e. the Gibbsfree energy change ǻGi) and enthalpy change ǻH),
were evaluated using the Van’t Hoff equations,

'G

 RTlnbi

(10)

TABLE 2
Isotherm parameters of the sorption of Cu(II) onto PAMAM-CD at various temperatures
Langmuir
Freundlich
T(K)
qm(mg g-1)
ka(L·mg-1)
R2
n
kF(mg·g-1)
R2
288
293

161.29
303.03

0.09254
0.02828

0.553
0.2187

1.5598
1.2164

17.382
10.0069

0.9292
0.9174

298

416.67

0.01623

0.1504

1.1542

7.865

0.9289

303

303.03

0.02015

0.3644

1.224

7.5718

0.9604

308

909.09

0.00373

0.0929

0.98

3.4253

0.979
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as follows: at low pH values, an intense competition
between Cu(II) and H+ for adsorption sites resulted
in a decreased capacity of Cu(II) immobilized onto
PAMAM-CD. From the chemical structure of PAMAM-CD, the functional groups of it were presented in protonated forms under strong acidic conditions, which were hard to provide their electron
pair to complex with Cu(II), the electrostatic repulsion between Cu(II) and protonated functional
groups led to the decreasing of adsorption capacity
of Cu(II), eventually.
With the decrease of H+ concentration, the solution pH get a elevation, more Cu(II) adsorption
onto PAMAM-CD owing to the weaker competition
effect between Cu(II) and H+. Besides, when the solution at high pH, the functional groups of PAMAMCD were deprotonated, which were in favour of the
complexation with Cu(II). Similar results were also
obtained from the adsorption of Cu(II) by aminothiophene derivatives of Styrene Maleic anhydride copolymer [40].

(11)

where, bi (L·mol-1) is the Langmuir constant, R
(8.314 J·mol-1·K-1) is the gas constant and T(K) is
the absolute temperature.
From the Figure 5, calculated value of Ea was
found to be 14.93 kJ·mol-1. This low value of activation energy suggested that the adsorption process
was governed by the process of diffusion [38].

Desorption studies. Regeneration capacity is
one of the important goals in the development of adsorbents, there are two main reasons: for one thing,
regeneration could allow the repeated use of adsorbent; for another, the isolation of adsorbate could allow its reuse or efficient disposal [41].

FIGURE 5
Arrhenius plots for adsorption of Cu(II) on PAMAM-CD.
The changes of enthalpy, and entropy which
obtained from the slope and intercept of the van’t
Hoff plot are presented in Table 3. Just as the previous separation factor analyses, the negative ǻG values was characteristic of the feasibility and spontaneous nature of the adsorption process. And concurrently, the negative ǻH value suggested that the adsorption was exothermic and especially favorable at
low temperature, which was consistent with the experimental observations. In general, the physical adsorption range of ǻH is -4 to -40 kJ·mol-1, while the
chemical adsorption range is -40 to -800 kJ·mol-1
[39], and therefore, the adsorption process of Cu (II)
on PAMAMCD might be considered as chemical adsorption. The negative ᶭS indicated the decrease of
randomness at the adsorption interface of Cu(II) on
PAMAMCD.

100

qe(mg/g)

80
60
40
20
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FIGURE 6
Effect of pH on Cu(II) adsorption (conditions:
adsorbent: 50 mg; initial concentration: 100
mg/L; volume: 50 ml).

Effect of pH. The pH was tested to have a critical effect on the adsorption process of Cu(II). There
was no significant change in pH values of the solution before and after adsorption. As shown in the Figure 6, at initial pH 2.0, the qe for 100 mg/L of Cu (II)
solution values were very low (<1 mg/g). The adsorption amount of Cu(II) increased sharply from
10.3 to 88.1 mg·g-1 with the elevation of pH from 3.3
to 4.6, and maintained almost constant from pH 4.6
to 5.0. 50 and 150 mg·L-1 Cu(II) concentrations obtained allied results .
There is a possible reason for the effect of pH

At the first time washing, the average recovery
ratios of Cu (II) were 97.5 ±1.5%, and the value was
almost up to 100% after washing two times. After
these treatments, the adsorption capacity of Cu(II)
onto PAMAM-CD was observed to be halved, the regenerated PAMAM-CD had only 25% the same adsorption ability in contrast to new PAMAM-CD after
3 times of regeneration cycles. This result of Cu(II)
desorption is contrary to the previous Pb(II) [28], the
reason might be the different characters of Cu(II) and
Pb(II) absorption onto PAMAM-CD.
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TABLE 3
Thermodynamic parameters of the sorption of Cu(II) onto PAMAM-CD at various temperatures.
T/(K)

ᶭG/(J·mol-1)

ᶭH/(J·mol-1)

ᶭS/(J·mol-1·k-1)

ႏ

-6837.146791

-51951.6918

-157.00989

ႏ

-5610.784622

ႏ

-5109.807591

ႏ

-5099.833727

ႏ

-3152.728767

FIGURE 7
XPS spectra of PAMAM-CD and Cu-PAMAM-CD
wide-scan spectra of PAMAM-CD[28] and Cu-PAMAM-CD (a); O1s spectra of PAMAM-CD (b) and Cu-PAMAM-CD (c);
N1s spectra of PAMAM-CD (d) and Cu-PAMAM-CD (e); Cu2p spectrum of Cu-PAMAM-CD (f).
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XPS Analyses. For the sake of further understanding the adsorption processes, XPS was used to
analyze PAMAM-CD [28] and Cu-PAMAM-CD (after Cu(II) adsorption on PAMAM-CD).
Figure 7a illustrated the XPS wide scan spectra
of PAMAM-CD and Cu-PAMAM-CD. Three major
peaks at binding energies (B.E.) of 284.90, 399.30
and 532.55 eV, representing C1s, N1s and O1s, respectively, were observed in PAMAM-CD [28]. And
a new peak at binding energy of about 932.85eVˈ
representing Cu2pˈappeared in Figure 7a after Cu(II)
adsorption obviously. After Cu(II) adsorption on PAMAM-CD (Figure 7d) , a new peak appeared
(406.31 eV), which confirmed the formation of complexes between Cu(II) and PAMAM-CD surface.
The O1s spectrum of PAMAMCD comprised 2
peaks with different binding energy values via deconvolution (Figure 7b). These peaks could be assigned to the oxygen atoms in forms of C=O
(531.03eV) and -OH (and/or C-O, 532.31eV) [28].
The change of the O1s spectra before and after Cu(II)
adsorption indicated that the oxygen atoms could
also share electrons with Cu(II) (Figure 7b and c).
The change in binding energy was likely because
that the nitrogen atoms shared electrons with Cu(II),
and thus electron densities of nitrogen atoms were
changed (Figure 7d and Figure 7e). The N atoms of
-NH2/-NH- in PAMAM-CD have the lone pair electrons, and these pair electrons can form the RNH2Cu2+ complexes with Cu (II) [42].
The C1s spectra (Figures not shown) before
and after Cu (II) adsorption kept almost unchanged.
From Figure 7f, it is clearly seen that triple characteristic of Cu(II) appeared at 932.85 eV (assigned to
Cu 2p3 ), 942.43 eV(Cu CT) and at 952.77 eV (assigned to Cu 2p1) after Cu(II) adsorption. The XPS
intensity of N1s and O1s in pictures increased significantly. Therefore, the result was in good agreement with the above analyses. These observations
provided evidence to the complexation between PAMAM-CD and Cu(II) during the adsorption process.

Fresenius Environmental Bulletin

acid after adsorpting Cu(II) (pH<2), but the desorption effect is not as good as Pb(II). Compared to
Pb(II) adsorption, the way PAMAM-CD adsorpted
Cu(II) was different in the adsorption kinetics and
the equilibrium isotherm. In fact, there were a lot of
active sites in the polymer, and so, it was practically
possible to present different forms of adsorption.
Those obtained results reveal great potential of PAMAM-CD in water treatments of heavy metal ions
removal.
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present throughout the Earth’s crust. Being a gas, radon concentrates in confined environments (radon
indoor).
Radon is not chemically reactive and does not
deposit easily in the lungs: the most dangerous substances for health are its decay products. Indeed, they
are chemically reactive and are deposited on atmospheric dust, on water vapor, on volatile organic compounds. During breathing, the smallest particles
reach the lungs [8] and, unlike the non-reacting radon, stick to the tissues leading to DNA damage [3,
9]. In the air, radon attaches to aerosol particles and
adheres to human skin via electrostatic attraction
[10].
Generally, when people became aware of some
risk, they show interest in having some essential information: an understandable description of the type
of risk, the consequences of risk, the degree of risk
control and the degree of personal exposure to risk
[11]. A good risk communication strategy should
therefore create the basis for behavioral change and
provide clear actions to be taken. An important aspect concerning the problem of radon is that the perceived risk of general population does not always
correspond to the real risk [12].
In this context, an adequate dissemination and
educational plan becomes of considerable importance in order to spread the knowledge of the radon issue. In the available literature, there are many
works reporting radon’s level measurement and information reports for the population [11, 13-19].
Moreover, some institutions such as the U. S. Environmental Protection Agency (EPA), focusing their
efforts to achieve public’s knowledge and awareness
of the radon issue [20]. According to the EPA communication model the following items have to be
considered: to identify the information source (government), the type of message (radon mitigation and
testing in homes and public buildings), the sources
of information (brochures, press releases, television
messages, etc.), the target population, the feedback
mechanisms of the implemented actions.
The aim of the present work was to assess the
status of the knowledge of radon gas in the population of Neapolitan area in Campania region, Italy.

ABSTRACT
Indoor radon exposure is the second most important risk factor for lung cancer incidence on human. The purpose of this study was to assess the status of the knowledge of radon gas in the general population and high school students, in the metropolitan
area of Naples.
A survey was planned in order to obtain data on
both public knowledge of radon gas and its health
effects.
The results on 6705 collected questionnaires
showed that a similar percentage of respondents asserted to know radon gas, 31% and 38% in general
and student population, respectively.
This study demonstrate that actual educational
programs have to be enhanced in order to provide the
spread of the radon knowledge and the awareness of
the exposure risk.

KEYWORDS:
Radon exposure awareness, radon knowledge, survey, science communication

INTRODUCTION
Radon exposure potentially cause carcinogenic
effects and such as, in 1988 the World Health Organization (WHO), through the International Agency for
Research on Cancer (IARC), listed radon and its decay products as carcinogenic of Group 1 (IARC,
1988). The airways and lungs are the primary target
organs followed by the skin. It is well known that
inhaled radon is the second most important cause of
lung cancer after smoking in the general population
with an attributable risk of 5–20% [1-3]. Furthermore, several studies [4-7] reported a correlation between residential radon exposure and skin and blood
cancers.
Three isotopes of radon, 222Rn, 220Rn and 119Rn,
were produced from the decay of 235U, 238U and 232Th
respectively. 222Radon (usually named radon) is the
most important radionuclide from a radioactive point
of view because of its half-life of 3.82 days and it is
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Campania region is a territory of great interest as regards natural radioactivity and the consequent exposure of people to ionizing radiation of natural origin.
From a geological point of view Campania region is part of the Volcanic District of Campi
Flaegrei including Vesuvius, Ischia, Procida and the
nearby islands of Ponza, Palmarola, Santo Stefano,
Ventotene. The most important pyroclastic product
of this volcanic district has been Neapolitan yellow
tuff, so that, its massive presence has given the peculiar connotations to the whole territory and for its
physical and structural characteristics it is the most
used material for the building construction [21].
The porosity of tuff supports the emanation of
radon gas and its diffusion in the surrounding environment increasing the radon indoor concentration.
In this context, to assess the status of
knowledge of the population on the natural radioactivity issues, in particular on exposure to indoor radon gas is a crucial task.
To this aim, a questionnaire was designed on
purpose. The population target consisted in high
school students and citizens. The participants were
informed about the aim of the study and the data
were collected and stored anonymously.
The students constituted a particularly interesting target because of the difference in radio-sensitivity with age, in particular the radio-sensibility increases as age decreases [21-22].
The students that filled the questionnaire were
involved in the Radioactivity Laboratory (RadioLab)
project, supported by the National Institute of Nuclear Physic (INFN). The project involves several research centers and INFN sections at national level
aimed to promote the scientific dissemination about
environmental natural radioactivity [22]. The
knowledge of the presence of a naturally occurred
environmental radioactivity promotes the awareness
of students, teachers and their families concerning a
very little-know issue. Consequently, this exploratory study allows to program adequate dissemination
radon information together with monitoring activities of radon and radionuclides indoor.
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mental issues related to the own territory is particularly attractive because of the deep impact on the local policy and people lifestyle [23].
RadioLab adopted an active strategy based on
effective actions including seminars, working days
with researchers, radon monitoring activities and
measurements of the concentration of radon gas in
the school buildings, in continuity with the previous
INFN ENVIRAD (Environmental radioactivity )
projects [24-25]. The main items of the dissemination strategy can be summarized as follow:
(1) organization of seminars specially designed
for high-school students and focused on environmental radioactivity;
(2) laboratory work sessions;
(3) assembly of the detection instrumentation;
(4) concentration monitoring of Rn at school
with the use of passive detectors;
(5) reading of the detectors and data processing;
(6) drafting of an information brochure for public events.
The activities were planned so that they do not
interfere with the educational program. Special
events were organized involving students, teachers
and researchers during which the students explained
to the population the risks associated with exposure
to radon gas and distributed informative brochures
proper designed on purpose. The project strategy
adopts the educational approach of the Cooperative
Learning. According to this method, the students
were divided into different working teams aimed to
achieve common goals. Students mutually improve
their learning, thus lending themselves to be applied
to each task, subject, curriculum [26]. They improve
intrinsic motivation and develop a greater reasoning
and critical thinking skills; they are aware of the importance of each one's contribution to common work
and thus develop mutual respect and team spirit. Finally, they develop a greater sense of self-efficacy
and self-esteem, better with stand difficulties and
stress.
Design of Questionnaire and Target Population. The questionnaire was designed together with
other research groups involved in the RadioLab project distributed on the Italian territory. It was organized in the following sections: the first section collected data about gender, age and status (resident or
tourist) of the respondents; the second part contains
the question about the knowledge of the existing of
radon gas (“yes” or “no”) and in case of affirmative
response, the source of knowledge was required.
The scheme of the questionnaire was showed in
Figure 1.
In the RadioLab context, the students organized
public information events, involving institutions and
citizens during which they were able to administer

MATERIALS AND METHODS
RadioLab Project. The goals of the RadioLab
project was to promote the spread of the scientific
culture through the involvement of high school students in educational training and laboratory activities. In particular, a specific work channel was dedicated to the dissemination and the scientific communication of the issues related to radon gas exposure
[22]. The involvement of high school students in a
scientific research project is important and stimulating for students, teachers as well as for researchers.
Moreover, a scientific project concerning environ-

11191

© by PSP

Volume 29 – No. 12A/2020 pages 11190-11196

Fresenius Environmental Bulletin

FIGURE 1
The questionnaire designed to collect data on knowledge of radon gas.
TABLE 1
Numbers of “yes” and “no”- respondents among general population and student’s group, both in absolute
and percentage values respect the size of the corresponding group
(7)Target

General population
Schools
SCH-01
SCH-02
SCH-03
SCH-04

Rn-knowledge
Yes
No
N, n (%)
N, n (%)
1434, 38
2298, 62
916, 31
2057, 69
348, 35
631, 65
124, 22
446, 78
221, 26
639, 74
223, 40
341, 60

Rn-effects knowledge
Yes
No
N, n (%)
N, n (%)
800, 21
2932, 79
596, 20
2377, 80
264, 27
715, 73
73, 13
497, 82
116, 13
744, 86
143, 25
421, 75

Respondents
N
3732
2973
979
570
860
564

FIGURE 2
Percentage of respondents affirming to know or not the gas radon (“yes” or “no”)
among the general population (a) and students (b).
The graph on the right represents the percentage of respondents affirming to know the radon effects too respect the “yes” –
respondents.

the questionnaire to the participating population, carrying out dissemination activities at the same time
(distribution of the brochure and in-depth seminars).
This strategy allowed obtaining a heterogeneous respondent group, including no-selected people
belonging to different socio-cultural backgrounds,
despite the public events were well defined and circumscribed in the neapolitan area. The schools
(coded SCH-01: SCH-04) involved in the investigation study are located in the Southern Campania region and are the same schools which participate in
the RadioLab project too.

2018 and June 2019. The analysable questionnaires
resulted 6705 and were distributed as follow: 3732
(2301 male and 1431 female) from the general population and 2973 (2057 male and 916 female) from
high school students. The distribution of the numbers
of responses in both general population and students
was showed in Table 1.
The Figures 2 a) and b) represent the percentage of respondents (“yes” or “no”) declaring their
knowledge of radon gas in general population and
students respectively. In the figures, a “zoom” graph
looks inside the subgroup affirming to know radon
gas showing the percentage of the “yes” - respondents, which assert to know the effect of radon gas and
the potential risk for human health at the same time.
The age of respondents was considered for the
general population, including the following classes:

RESULTS
A total of 6720 questionnaire (3824 male and
2896 female) were collected between September
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less than 19 years old, aged between 19-30 and 3050, older than 50 years.
The age class resulted statistically correlated
with the radon knowledge as well as with knowledge
of radon effects (significance level < 0.05). The analysis evidenced that 50% of the respondents of the
general population affirming to know the radon gas
and its effect have an age between 19 and 30 years.
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The percentage distribution of “yes” - respondents among the age class was showed in Figure 3.
A detailed analysis on the responses of student
group in each school was performed. The Figure 4
illustrates the distribution of “yes” - respondents
about the knowledge of radon gas and among these,
the percentage of students affirming to know the radiation risk from radon exposure too.

FIGURE 3
Distribution of the “yes” - respondents of the general population about the knowledge of radon gas among
the age classes.

FIGURE 4
Percentage distribution of students affirming to know radon gas (a) and relative percentage affirming to
know the radon effects at the same time (b) in each school.
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with high radon concentrations; establishing a national annual average concentration reference level
of 100 Bq/m3, (if this level cannot be reached under
the prevailing country-specific conditions, the reference level should not exceed 300 Bq/m3).
In addition, the Directive 2013/59/EURATOM
(European Council, 2014) recommended the Member States to adopt a National Radon Plan (NRP) in
order to perform the actions useful to reduce the risk
of lung cancer associated with radon exposure. The
Italian’s NRP, introduced since 2002, included the
task to inform the population about radon issue as
strategy necessary at obtaining general awareness of
the health.
Our pooling study showed that, in both groups,
web researches and newspapers are the most common information sources. Moreover, the students asserted they became aware of what radon is and its
effects thanks to the educational and training project
that took place in their schools.
A previously survey on the risks associated
with indoor radon exposures was conducted among
the population of three cities of the neapolitan area
involved in training projects [32]. The study highlighted the deep impact of the disseminating information about radon and its potential carcinogenesis
effect.
Concerning the knowledge of radon effects in
the group of respondents knowing what radon gas is,
the percentage of “yes” - respondents are similar,
that is 56% and 65% in general population and in
student’s group respectively.
These results showed the young people are
aware of the radon issue and inform themselves
thanks to their natural curiosity than the older people
as evidenced also by the age analysis.
We can speculate that the comparable results in
the two independent participant groups, general population and students, are a demonstration of the effectiveness of the RadioLab project in the schools,
considering general population have more opportunities to know radon issue than the younger people.
The results showed in Figure 2 b) confirm the reasonable interpretation of the data since the schools
(SCH-01 and SCH-04) in which RadioLab is on for
several years, provided a greater number of positive
responses about the radon knowledge and its effects
accordingly. Conversely, the schools SCH-02 and
SCH-03, more recently involved in the project, evidenced an inferior knowledge of the radon issue.
Lastly, we can speculate on the communication
channels with public: the results suggest revising the
outreach campaign in order to spend more efforts to
promote the sources of information that revealed
more efficient to this aim. Despite some limitations,
our exploratory study allowed us to gain valuable insight on the status of knowledge of radon issue
among public and students in the neapolitan area.

DISCUSSION
The high percentage of valid questionnaires
(99.8%) highlights the importance of face-to-face
distribution done by RadioLab students.
The study reveals that the knowledge of radon
gas is similar in general population (38%) and students (31%). The poor knowledge of radon gas and
its effects on the health is in accordance with the results of studies available in the literature and summarized in the recent review’s study of Holm and
Schwartz [27]. On the other hand, few studies conducted in some European and American countries reported a higher level of the radon knowledge. In
1995-1997 a survey conducted to measure the general awareness about radon on New York States residents, found that 82% heard of radon [28]. In a study
carried out between 2001 and 2005 from the UK the
knowledge levels resulted 72%, while from a survey
conducted in the US, resulted that the 96% of the respondents had heard about radon [29-30]. It should
be noted that even if most participants of these studies resulted familiar with radon, a less percentage of
them were awareness of the potential risk of lung
cancer. In the study of Portinga et al. [30] i.e., only
21% of the respondents knew that radon was a naturally occurring radioactive gas and can cause lung
cancer.
Our work for the first time carried out a survey
in the neapolitan area aiming to assess the status of
knowledge of the radon gas and its dangerousness
for the public health among general population and
students.
The radon knowledge represents an important
issue among the exposed population in the home and
public buildings. A national and regional campaign
of measurements of indoor radon concentration, conducted in the 90’s provided an Italian average value
of 70 Bq/m3, higher than the European and world
mean values of 59 Bq/m3 and 40 Bq/m3 respectively
[31]. It should be noted that the radon level varies
greatly among Italian regions due to the different geological and morphological characteristics and the
building materials consequently as well as the difference habits of the population (i.e. to favor the ventilation). In particular, in Campania region the mean
value of radon concentration resulted above the Italian mean values, resulting 95 Bq/m3. In accordance
with the international recommendation (European
Council, 2014) the reference level for the existing
buildings is of 300 Bq/m3. In 2009, the WHO published the "WHO handbook on indoor radon: A public health perspective", [3] which provides policy
options for reducing health risks from residential radon exposure. The strategy suggested by the WHO
included: disseminating radon information and the
associated health risks; implementing a national radon program aimed at reducing both the overall population risk and the individual risk for people living
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Future studies could expand the survey on other geographical areas and population target investigating
the risk perception too.
The results encourage continuing to support
RadioLab project, since its dissemination effect was
demonstrated not only in the classes currently involved in the activities but also in the advanced classes. Thanks to the large audience target of the project, including students as well as teachers, its educational action spread over the years with a potential
deep social impact. Indeed, thought RadioLab, the
students represent a source of a capillary dissemination, able to reach their families up to the local institutions to promote the public radioactivity culture
and to implement adequate actions for the mitigation
of the radon exposure.
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Allium tissues via secretion of a fungal toxin, oxalic
acid [3]. Control of S. cepivorum is problematic
because it forms small, dormant structures, called
sclerotia that can survive for over 15-20 years [4].
Method used and time of application was required
for controlling it, but no one method offering a
complete control [5]. As environmentally safe strategy, biological control was widely used for controlling white rot disease [6]. Several fungal and bacterial antagonists including certain genera belonging
to Trichoderma and Bacillus spp were previously
applied against S. cepivorum, but chemical fungicides are still the superior applicable against different pathogens [7].
Well-known enzymatic activity of peroxidase
(PO) and polyphenol oxidase (PPO) associated in
the defensive mechanisms of host plant indicates
induction of systemic acquired resistant (SAR) under pathogenic conditions [8]. They found high
activities of both enzymes were induced in the
PGPR-treated plants than the control. Among the
non-enzymatic antioxidants a special attention
should be paid to phenolic compounds which are a
diverse group of plant secondary metabolites. All
consist of the aromatic ring (C6) bonded directly to
at least one (phenol) or more (polyphenol) hydroxyl
groups (-OH) and other substituents [9]. Induced
phenols may also be constitutively synthesized but,
additionally, their synthesis is often enhanced under
biotic or abiotic stress [10]. Presented study aimed
to molecular identify of certain environmentally
safe bioagents and their effects in comparison with
chemical and physical agents to induce defense
mechanism for reducing or preventing white rot
symptoms infected onion plants.

INTRODUCTION

MATERIALS AND METHODS

Onion (Allium cepa L.) is an essential worldwide vegetable. It has functional and medicinal
properties and its storage period was improved by
using mixture of both phosphorus and potassium
fertilization [1]. White-rot disease caused by Sclerotium cepivorum is one of the most essential diseases around the world that causes yield loss up to
100% [2]. It causes degrading plant cell walls of

The presented investigation was conducted
during 2016 and 2017 seasons. A preliminary potato dextrose agar (PDA) and nutrient agar (NA) media were used for screening, isolation and purification of fungal and bacterial isolates, respectively.
Culture broth of both media was used for preparing
the antagonistic inocula. Barley grains (BG) medi-

ABSTRACT
Applicability of Bacillus and Trichoderma
isolates, CuSo4, Maxim Fs and bury of sclerotia as
physical treatment towards the supreme isolate
(Sc11) of Sclerotium cepivorum causing onion white
rot disease was tested. Mycelium of the pathogen
was totally inhibited due to use 1.0 g L-1 of the fungicide Maxim Fs. Based on their antagonistic, biochemical and molecular aspects, B10 and T2 isolates
were identified as B. nakamurai and T. asperellum
though 16S rRNA and 18S rDNA genomic sequencing tests, respectively. Under naturally infested field conditions, bury of sclerotia at 20 Cm depth
from soil surface was the superior treatment, by
which no disease incidence or severity during 2016
and 2017 seasons were recorded and disease reduction reached its fulfilled (100 %). Results showed
higher
magnitudes
of
peroxidase
than
polyphenoloxidase activeties due to all treatments
compared to control, with pronounced induction by
Maxim Fs. For sclerotial depth and biological
treatments, low enzyme activities were obtained.
Higher magnitudes of conjugated, free and total
phenolic compounds were then obtained due to T.
asperellum during both seasons. Average of total
phenolic content reached its maximum of 10.20 mg
/ g fresh weights by T. asperellum, indicating large
accumulated in onion cells due to non-enzymatic
oxidation of phenolic compounds.
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um was applied for enrichment the pathogen. Sterilization of these media was carried out by autoclave
at 121°C for 30 min.
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Cultural and biochemical tests. The most efficient bacterial antagonist was identified depending on some cultural and biochemical aspects after
Bergey’s Manual of Determinative Bacteriology
[16]. Samples were microscopically tested to describe shape of cells, endospore formation, anaerobic growth, gram staining reaction and motility.
Growth on 7 % Na Cl, starch, casein and gelatin
hydrolysis was also examined as recommended.
Catalase activity was determined using 10 % Hydrogen peroxide (H2O2) solution for 24-48 hours.
Positive reaction was recognized by production of
air bubbles of oxygen gas as described by [17].
Indole production was tested based on the methods
described by [18]. Visualization of media coloration changing due to the bacterial isolate was taken
as evidence for pigment production. For carbohydrate fermentation, slants contains glucose and lactose broth medium, Bromothymol blue and Durham
tube were inoculated with the bacterial sample covered and incubated at 37 °C for 5-7 days. Appearance of large yellow color instead of blue in the
slants and gas formation in Durham tube indicated
acid production and carbohydrates fermentation. If
the broth media was remained blue coloration, nonfermentative culture was indicated.

Pathogen. Within naturally infested fields in
Nigrieg, El-Gharbia, Egypt, screening of onion
white rot disease was performed. Pathogen was
isolated from samples showed typical white rot
symptoms on Petri-dishes containing PDA culture
media. Petri-dishes were incubated at 18-20 ºC and
tested daily for observing fungal progress. Using
hyphal tip technique, cultures of the pathogen were
purified based on methodology of [11]. On PDAslants, pure cultures were maintained and kept in a
refrigerator at 4 ºC as stock cultures.
Pathogenicity of fourteen isolates as BGmedia was tested in sterilized pots using onion (Allium cepa L.) transplants cultivar (Giza-6). Each
pot was planted with four healthy transplants (60
days old). Trials were applied in four replicates.
Plants were uprooted 90 days after transplanting to
determine pathogenicity and disease severity based
on the 0-100 scale suggested by [12]. Identification
of the pathogenic isolates was confirmed based on
[13]. Due to its virulence, the most pathogenic isolate was nominated and applied as the main pathogen in this study.

Molecular characterization by 16S rRNA
gene sequencing test. To confirm their identification, genomic 16S rRNA sequencing technique was
conducted for the nominated bacterial isolates. This
technique was performed by Sigma, Cairo, Egypt
and GATC Company, Germany. Genomic DNA of
the tested bacterial antagonists was extracted according to use protocol of Gene JET™ genomic
DNA purification Kit (Thermo K0721). The 16S
rRNA gene was amplified through the recommended 37 thermal cycling conditions using Maxima Hot
Start PCR (Polymerase Chain Reaction) Master
Mix (Thermo K1051) according to [19] were used.
PCR reaction set-up (5 PL DNA Template + 1 PL
(20 PM) Forward Primer + 1 Pl (20 PM) Reverse
Primers + 25 PL Maxima® Hot Start PCR Master
Mix (2X) + 18 PL Nuclease Free Water) to complete total volume of 25 PL was adjusted. Then,
PCR products of 16S rRNA using Gene JET™
PCR Purification Kit (Thermo K0701) were purified. PCR products were then sequenced and analyzed using ABI 3730x1 DNA sequencer via forward and reverse primers (GATC Company, Germany) by combining the traditional Sanger technology with the new 454 technology as follows:
F: 5' - AGA GTT TGA TCC TGG CTC AG - 3'
R: 5' - GGT TAC CTT GTT ACG ACT T - 3'
Phylogenetic analysis in MEGA6 was conducted [20]. In which, maximum parsimony and
neighbor-joining trees were constructed from 1000
bootstrap replicates.

Antagonistic trials. Bacterial and fungal antagonists were isolated from rhizosphere soil samples of the healthy plants growing neighboring to
the diseased individuals using soil dilution plate
method [14]. Petri-dishes were incubated by
spreading of 100 ȝORIVRLO VXVSHQVLRQDW-30 ºC
for 3 days. Microbial growth was examined. Single
colony and hyphal tip techniques were used for
purification of bacteria and fungi. Experiments
were represented by three replicates. Antifungal
activities of both antagonists towards the maim
pathogen were compared with a fungicide Maxim
Fs, Cu SO4 in vitro and with a physical bury of
sclerotia at a depth of 20 Cm under soil surface in
the natural infested fields.
Bacterial antagonists. Plates contain PDAmedia were inoculated with 5 mm agar discs carrying mycelium of the pathogen, which periphery
injected by typical amounts of four bacterial isolates. Plates free from bacterial antagonists acted as
control. Plates were incubated at 18-20°C until full
growth of control treatment. Relative power of antibiosis (RPA) of each isolate was calculated after
the equation adopted by [15] as follows: RPA = Z /
C, where, Z= Diameter of inhibition zone, C= Diameter of spotted antagonist. So, the most antifungal isolate (highest RPA) was identified based on
its cultural, biochemical and 16S rRNA sequencing
tests.
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Fungal antagonists. Using dual culture technique, screening of the fungal antagonists was done
based on the methods applied by [21]. Plates cultured with the pathogen only acted as control. At
18-20°C, plates were incubated until full growth of
control. Inhibition percentages (I %) were calculated based on their linear growth. One of the most
antagonistic fungal isolates was identified as previously applied.
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18-20 °C. PDA-medium free from fungicide acted
as control. Based on measuring of linear growth,
inhibition percentages (I %) was calculated using
the formula applied by [24] as follows:
I % = [(A - B) / A] x 100
Where: I % = Inhibition percentage, A = diameter growth of control and B = diameter growth
of treatment.
Experimental preparations under naturally
infested field conditions. Preparations. Both antagonistic bacterial (0.8 x 108 cfu ml-1) and fungal
(0.5 x 107 spore ml-1) isolates were cultivated on
NB and PD media, respectively at 28-30°C for 10
days using 160 rpm shaking incubator. For the
chemical agents, 1.0 and 0.4 g L-1 of both Maxim
Fs and Cu SO4 were prepared by distilled water
using magnetic stirrer. For bury of sclerotia, upper
30 Cm soil layer rich in white rot sclerotia was
scraped and collected in clean bags. The following
lower 20 Cm layer of the same soil was also
scraped and added in other clean bags. Here, soil
was turned, replaced together and sclerotia become
concentrated at the sub-surface layer (20 Cm depth
from soil surface). Control consisted of unturned
soil. Onion transplants were dipped for 12 hrs at
room temperature in each antagonist. As well as, 5
ml promotor dose was added nearby plants 30-days
after transplanting.

Cultural and microscopic examination. For
their identification, cultural and microscopic properties of the isolated fungal antagonists were examined based on [13].
Molecular characterization by 18S rDNA
gene sequencing test. Identification of the fungal
antagonist was confirmed using analysis of the internal transcribed spacer (ITS) 1 and 4 of rDNA.
Fungal PD broth media were incubated on a rotary
shaker at 25°C for 5-days, filtered and homogenized in liquid nitrogen. Extraction of genomic
DNA was done by using Zymo-Spin™ IIC-XL
Column in a Collection Tube based on the manufacturer’s instructions. Using agarose gel electrophoresis, purity and quantity DNA were checked.
PCR was used to amplify the internal transcribed
spacer regions 1 and 4 (ITS1 and 4) of the rRNA
gene cluster using amplified primer pair as designed by [22] as follows:
ITS-1 5' - TCC GTA GGT GAA CCT GCG G - 3'
ITS-4 5' - TCC TCC GCT TAT TGA TAT GC - 3'
Amplifications of PCR were done in a total
volume of  ȝL by adding 5 PL of the template
DNA with 1 PL (20 Pico mol) of each primer, 25
ȝ/ RI [ 0\7DT 70 5HG 0L[ '1$ WKHUPDO Fycles was applied using PCR profile. $OLTXRWV ȝL)
were analyzed by electrophoresis in 1.2% (wt vol-1)
agarose gel in 1× TBE buffer (pH 8.2) and stained
by ethidium bromide to reach 0.2 mg mlí end concentration. Using Molecular Evolutionary Genetics
Analysis (MEGA4 version 5.10.), purified and sequencing PCR products were examined via ITS15.8S-ITS4 region. The 5.8S-ITS sequencing data
were linked with their corresponding specific Gene
Bank database for Trichoderma using TrichOKEY
2 program based on the online Taxonomy of
Trichoderma and Hypocrea [23].

Experimental design. A natural infested field
with the pathogen was used for controlling onion
white rot disease. Plots of 1.5 m long and 75 cm
wide each were cultivated with thirty transplants
dipped in investigated agents. Trials were carried
out in tri-replicates (plots). Transplants immersed in
distilled water acted as control. All practices were
done as recommended.
Determinations. Enzyme activities. Sixty
days after transplanting, enzyme activities of both
polyphenol oxidase (PPO) and peroxidase (PO) in
addition to phenolic contents were determined in
onion leaves. Crude enzyme was extracted according to the methods described by [25]. Foliar samples were cleaned, weighted and triturated in a ceramic mortar in the presence of 0.1 M sodium
phosphate as buffer solution (pH 7.1). Samples of
one gram fresh weight in 2 ml buffer solution were
filtrated through cheese cloth and centrifuged at
6°C for 20 min for 3000 rpm.
Enzyme activity of PPO was measured based
on the colorimetric procedures agreed by [26]. A
combination consists of 1.0 ml enzyme extract, 1.0
ml 0.2 M sodium phosphate buffer at pH 7.0, 1.0 ml
of 10-3 M catechol (C6 H4 (OH)2)) and 3.0 ml distilled water was reacted to get closing volume of
6.0 ml. According to technique applied by [27], PO
enzyme activity was measured by oxidation of pyrogallol (C6 H3 COH3), to pyrogallin in presence of

Chemical agents. In this study, 1.0 g L-1 of a
fungicide Maxim Fs 3.5% XL in addition to 0.1,
0.2, 0.4 and 0.8 g L-1 of Cu SO4 were also tested.
Maxim Fs consists of both Fludioxonil 2.5 % and
Mefenoxam (Metalaxyl-M) 1.0%. Tested doses of
both chemical agents were added into flasks containing sterilized PDA medium using membrane
filter syringe of 0.2 μm. Media were homogenized
and poured in Petri-dishes. Plates were inoculated
with 5 mm agar discs carrying mycelium of one
week old pathogen cultures and then incubated at

11199

© by PSP

Volume 29 – No. 12A/2020 pages 11197-11208

Hydrogen peroxide. A mixture of 0.5 ml 0.1 M
sodium phosphate, 0.3 ml enzyme extract, 0.3 ml
0.05 M pyrogallol, 0.1 ml 10 % H2O2 (v/v) was
diluted using distilled water to get 3 ml ending
volume.
For both PPO and PO, absorbance of all samples was measured during optical densities (OD) at
495 and 425 nm, respectively using spectrephotometer (Jenway 6105 UV-VIS). Absorbance was recorded after 0, 30, 60, 90 and 120 sec. intervals.
Reading of OD/sec/g fresh weight was used as activity indication. Treatment free from the enzyme
extract served as blank, which used to reset or calibrate the device.
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ANOVA test and Duncan’s multiple range were
tested for comparing means as applied by [30].

RESULTS
Pathogen. Screening trials of onion white rot
infested fields resulted in 14 isolates were all identified as Sclerotium cepivorum. To confirm their virulence, data represented in Table 1 showed varied
pathogenicity degrees against onion transplants cv.
Giza 6. It was ranged from great efficient (100.00
%) as in Sc11 to the lowermost degree (73.75 %) as
in isolate Sc14. Due to its satisfied efficient, Sc11
was nominated as the main isolate to achieve aim of
the work.

Conjugated, free and total phenolic compounds. These components were extracted according to [28]. Amended 5.0 g samples of foliar tissues
were stored in 90% ethanol in bower bottles and
kept in the dark at room temperature for one month
until colorless. Extracts were filtered, evaporated to
near dryness on a mild water bath 60 °C, quantitatively transferred into 5.0 ml of 50% isopropanol
and stored in vials at 1 °C till assessment of phenolic compounds. Phenolic compounds were determined based on the technique adopted by [29] using
colorimetric method of Folin Ciocalteau reagent at
520 nm. Readings were expressed as mg / g fresh
weight of plant samples. Total phenols were determined by adding 1.0 ml of the reagent, 3.0 ml of 20
% solution of Na2 Co3, 0.1 ml of the sample and
complete total volume to 10.0 ml by distilled water.
Free phenols were determined by adding 10 drops
of concentrated HCl to 0.1 ml of the extracted sample, heated rapidly to boiling point and placed in a
boiling water bath for 10 min. After cooling, 1.0 ml
of the reagent and 3.0 ml of 20 % Na2Co3 were
added. The mixture was diluted to 10.0 ml using
distilled water. Estimation of total and free phenols
was conducted by reading spectrophotometer at 520
nm after 30 min. Conjugated phenols were calculated by subtracting free phenols from the total
phenols.

TABLE 1
Pathogenicity degrees (%) of 14 Sclerotium
cepivorum isolates attaching onion transplants
Giza 6 cv., 90 days after transplantation in pots
trials
Pathogenicity degree
(%)
Sc1
91.25 ab
Sc2
83.75 bcd
Sc3
86.25 bc
Sc4
85.00 bc
Sc5
83.75 bcd
Sc6
87.50 bc
Sc7
85.50 bc
Sc8
83.75 bcd
Sc9
80.00 cd
Sc10
80.00 cd
Sc11
100.00 a
Sc12
82.50 bcd
Sc13
82.50 bcd
Sc14
73.75 d
The numbers in the same column means followed by the
same letter are not significantly different according to
DMRT at 0.05 levels.
Isolate

TABLE 2
Relative power of antibiosis (RPA) of 40 bacterial isolates arranged in descending order based
on their antagonistic effect against S. cepivorum
(Sc11) on PDA media

Disease index parameters. At end of growth
season, disease incidence and disease severity were
estimated. Plants were uprooted and examined for
disease index parameters. Percentage of disease
incidence was determined depend on the equation
applied by [4] as follows:

Isolate No.
B10
B18
B2, B12, B14
B27
B32
Reminders (B33 – B40)

Percentage of disease severity was also estimated based on the 0-100 scale earlier applied as
previously recommended by [12].

RPA-values
1.6
1.4
1.2
1.1
1.0
< 1.0

In Vitro trials. Biological antagonists. From
rhizosphere of onion healthy plants, existed nearby
the infected ones, several microorganisms were
isolated. Forty bacterial and 15 fungal isolates were
efficient against S. cepivorum (Sc11). For bacterial
antagonists, RPA values were tabulated in descending order based on their antagonistic effect as

Statistical analysis. Trials were designed as
complete randomized block. Data were statistically
analyzed in SPSS 11 software packages using
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shown in Table 2. It showed that B10 was the superior with highest antagonistic effect against the
pathogen, by which the highest 1.6 RPA-value was
recorded, followed by B18 with 1.4 RPA-value. On
the other hand, lower RPA-values by the other isolates were obtained.
According to its cultural, morphological and
biochemical properties, B10 isolate was found to be
rod-shaped, strictly aerobic, motile, endosporeforming bacterium, positive in gram staining and
catalase reaction. It has a great ability to starch,
casein and gelatin hydrolysis and grow on media
containing 7 % Na Cl. It has negative reaction for
indole, pigment production, glucose and lactose
fermentation. So, it was identified as Bacillus sp.
To confirm identification of the most efficient bacterial antagonist (B10 identified as Bacillus nakamurai), 16S rRNA sequencing test was carried out.
Accordingly, tree and similarity index of the related
bacterial species were plotted in Fig. 1. It could be
clearly seen that the Bacillus isolate B10 was exactly
linked to species nakamurai, with highest sequence
similarities reached 99.9 % for Bacillus nakamurai
strain NRRL B-41091.
For fungi, 15 isolates were closely related to
Trichoderma spp and have high ability to suppress
growth of S. cepivorum (Sc11). Data of inhibition
percentages of Trichoderma antagonists were tabulated in in Table 3. It showed that all Trichoderma
isolates were found to have great antagonistic effects, but varied in their significant against the
pathogen. It indicated that Trichoderma isolates T1,
T2 and T8 were the most efficient, by them mycelium growth of the pathogen was massive inhibited
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to 90.00, 92.22 and 88.89 %, respectively. Whereas,
inhibition reduced to 78.89 % due to isolate T7. The
reminder 11 Trichoderma antagonists were varied
between both poles. Based on its superior antagonism, T2 was chosen for identification and further
experiments. Based on its microscopic and cultural
examinations, T2 was found to be related to Trichoderma asperellum. This identification was
TABLE 3
Percentage of inhibition due to 15 Trichoderma
isolates against S. cepivorum (Sc11) on PDA media
Code No. of fungal
Mean of I %
antagonistic isolates
T1
90.00 ab
T2
92.22 a
T3
85.56 bcd
T4
81.11 de
T5
81.11 de
T6
82.22 cde
T7
78.89 e
T8
88.89 ab
T9
84.44 bcd
T10
84.44 bcd
T11
86.67 bcd
T12
87.78 abc
T13
85.56 bcd
T14
85.56 bcd
T15
86.67 bcd
The numbers in the same column means followed by the
same letter are not significantly different according to
DMRT at 0.05 levels.

FIGURE 1
Polygenetic dendrogram resulted by distance matrix analysis of 16S rRNA sequences showing the position
and the highest similarity of Bacillus nakamurai strain NRRL B-41091 among the phylogenetic neighbors
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FIGURE 2
Phylogenetic tree of Trichoderma asperellum strains based on internal transcribed
spacer rDNA (ITS) sequences
Numbers indicate genetic relationship among strains.

TABLE 4
Inhibitory effects of CuSo4 and Maxim Fs on the linear growth of S. cepivorum (Sc11) on PDA media
Diameter of linear growth
Inhibition
Concentration
(cm)
(%)
(g L-1)
Control
0.00
9.00
0.00 d
0.10
4.10
51.76 c
0.20
4.07
52.12 c
CuSo4
0.40
1.57
81.53 b
0.80
1.47
82.71 b
Maxim Fs
1.00
0.00
100.00 a
The numbers in the same column means followed by the same letter are not significantly different according to DMRT at
0.05 levels.
Fungicide

reached to its maximum of 82.71 % due to use 0.80
g L-1 of CuSo4. As well as, a fulfilled inhibition
percentage (100.00 %) by 1.00 g L-1 of Maxim Fs
was obtained, where mycelium development was
totally prevented.

confirmed by using molecular technique. By which,
genomic DNA of the superior Trichoderma isolate
(T2) was extracted. PCR amplification of 5.8S-ITS
Region was done using specific primers and PCR
products were sequenced.
So, Phylogenetic tree was constructed to
graphically represent the genetic relationship of the
strains in Fig. 2. It could be clearly seen that the
Trichoderma isolate T2 was closely related to
Trichoderma asperellum isolate BT with sequence
similarities reached 99.3 %.

In Vivo trials. Under naturally infested field
conditions, onion plants were observed and samples
were taken to test their defensive mechanisms and
white rot disease parameters.
Enzyme activities. As defensive indicators,
activities induction of the oxidative enzymes such as
PPO and PO in onion plant tissues was assessed.
Both enzyme activities were determined during two
minutes (one for every 30 seconds). Due to their
comparable results during both seasons and they
seem to be constant during the measuremnt time
courses, average data of both enzyme activities were
recalculated and blotted in Fig. 3.

Chemical control. As inducer for resistance,
serial doses of CuSo4 and Maxim Fs as fungicide
were also tested by measuring diameter of mycelium progress of S. cepivorum (Sc11) on PDA media
(Table 4).
It showed gradual increase in the mycelium
inhibition percentages of the pathogen by increasing CuSo4 concentrations. The inhibitory effect
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Enzyme activities (OD/Sec/g fresh weight)

0.8
0.7

Peroxidase
Polyphenoloxidase

0.76 a

0.6
0.60 b
0.55 c

0.5

0.54 d
0.47 e

0.4
0.3

0.36 f
0.26 a

0.2
0.20 b

0.1

0.14 e

0.16 d

0.19 b

0.18 c

0.0
Control Trichoderma Bacillus Sclerotial
asperellum nakamurai depth

CuSo4

Maxim Fs

FIGURE 3
Averages data of PPO and PO enzyme activities of onion plants under natural infested field conditions
TABLE 5
Effects of the tested control agents on conjugated, free and total phenols of onion plants during two
successive seasons in natural infested field trials
Treatments
Control (untreated)
Trichoderma asperellum
Bacillus nakamurai
Sclerotial depth at 20 Cm
CuSo4 0.4 g/L
Maxim Fs 3.5%XL

Amounts of phenols contents mg/g fresh weight
Conjugated phenols
Free phenols
Total phenols
2016
2017
Mean
2016
2017
Mean
2016
2017
Mean
2.46 b
1.56 b
2.01 f
2.89 b
2.84 b
2.87 f
5.44 c
4.40 c
4.92 f
5.14 a
4.44 a
4.79 a
6.21 a
4.62 a
5.42 a
11.35 a
9.06 a
10.20 a
4.24 a
3.07 ab
3.66 d
6.16 a
4.06 a
5.11 a
10.41 ab
7.13 b
8.77 c
4.14 ab
3.04 ab
3.59 e
4.85 ab
3.77 ab
4.31 e
8.99 b
6.80 b
7.90 e
3.97 ab
3.39 a
3.68 c
5.63 a
3.87 ab
4.75 b
9.60 ab
7.26 ab
8.43 d
4.80 a
4.29 a
4.56 b
4.40 ab
4.32 a
4.36 d
9.20 b
8.61 ab
8.91 b

The numbers in the same column means followed by the same letter are not significantly different according to DMRT at
0.05 levels.

obtained compared with 0.54 and 0.16 for B.
nakamurai, respectively. Data indicated that phenols were great oxidized by such agents to help
onion plants for controlling the pathogen.

It illustrated remarkable increase of both
enzyme activities due to all treatments compared to
control. Higher activities of PO than PPO were
noticed. It showed also that Maxim Fs was the
superior treatment, by which great activities of both
enzymes were induced. For PO, CuSO4 induced
high activity reached 0.60 OD/Sec/g fresh weight,
but gave only 0.18 OD/Sec/g fresh weight for PPO
activity. For sclerotial depth at 20 Cm, low enzyme
activities were obtained, indicating physical
resistance. For biological treatments, significant
activities of PO and PPO due to T. asperellum
reached 0.55 and 0.20 OD/Sec/g fresh weight were

Phenolic contents. To confirm induction of
defensive mechanism, phenolic compounds were
also assessed. Among the non-enzymatic antioxidants, a special attention should be paid to form
phenols as a diverse group of plant metabolites.
Data of conjugated, free and total phenols in onion
leaves were shown in Table 5.
It indicated that conjugated phenols were

TABLE 6
Effects of the tested control agents on disease index parameters of onion white rot during two successive
seasons in natural infested field trials
Disease index parameters %
Disease incidence
Disease severity
Mean
Mean
reduction
reduction
2016
2017
2016
2017
Control (untreated)
82.67 a
81.83 a
00.00
74.60 a
74.93 a
00.00
Trichoderma asperellum
37.00 b
36.17 b
55.52
31.66 b
22.35 b
63.86
Bacillus nakamurai
37.00 b
27.50 c
60.82
20.50 c
18.47 c
73.94
Sclerotial depth at 20 Cm
00.00 d
00.00 d
100.00
00.00 e
00.00 e
100.00
CuSo4 0.4 g/L
36.00 b
35.17 b
56.74
21.53 c
23.85 b
69.65
Maxim Fs 3.5%XL
30.00 c
28.17 c
64.65
12.25 d
11.40 d
84.19
The numbers in the same column means followed by the same letter are not significantly different according to DMRT at
0.05 levels.
Treatments
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nakamurai strain NRRL B-41091. Such identification was confirmed by [33], who found identical
characteristics during study of Bacillus diversity of
the Agriculture Research Service Culture Collection. Phylogenetic analysis of the 16S rRNA gene
of the tested Bacillus isolate showed high similarity
and found to be most closely and related to B.
nakamurai. Production of antibiotic which causing
destroys of the fungal cells was the most related
mechanism suggested by [34]. Antagonistic effect
of different Bacillus species was might be caused
by formation of some antibiotics such as surfactin,
fengycin, mycosubtilin and baciflomycin. [35] described mode of action of such compounds as amphilic and membrane active surfactants against the
host microbial cells, indicating massive antagonistic
activities.
Antagonistic activity data of the fungal isolates proved that T2 was the most efficient against
S. cepivorum (Sc11). Based on its cultural, microscopic examination and 18S rDNA genomic sequencing test, T2 was identified as Trichoderma
asperellum. Such identification was confirmed by
[36], who described macroscopic, microscopic features and the genetic characteristics of Trichoderma
spp. isolated from Menoufia Governorate, Egypt.
They found that the genomic sequences of ITS and
TEF1-Į \LHOGHG WKUHH VSHFLHV T. harzianum, T.
longibrachiatum and T. asperellum. They found
that Trichoderma depends on one or more mechanisms such as competition for nutrients or space
against Sclerotium spp., antibiosis or antibiotic excretion against Fusarium oxysporum and mycoparasitism towards Rhizoctonia solani and Alternaria
alternata. [37] reported that mycoparasitism is the
main mechanism noticed by wide variations of
Trichoderma species towards S. cepivorum. Hyphae
of Trichoderma species either grow along the host
hyphae or coil around it. It secretes also different
lytic enzymes such as chitinase, glucanase and pectinase causing dissolving of cell wall of the pathogen’s cell before penetrating it which evolved in the
mycoparasitism [38].
Results showed also a remarkable efficiency
of Maxim Fs, by which mycelium of the pathogen
was totally prevented. Chemical fungicides have
great abilities to harm cell wall of different fungal
structures causing disorder and arresting changes in
their metabolic activities [39]. Disorganization of
the cytoplasm was the direct change recorded in the
cell of the pathogen. On the other hand, whole vacuoles were damaged and disappeared under fungicide stress conditions [40]. It was in agree with
[41], who found that fungicides caused great inhibition of activities and functions of several enzymes
due to more nonspecific interactions with the proteins.
Under naturally infested field conditions, data
of the tested treatments were also confirmed. Role
played by such treatments for inducing activities of

reached to their maximum values of 5.14 and 4.44
mg/g fresh weights by Trichoderma asperellum
during 2016 and 2017 seasons, respectively, with
superior mean reached 4.79 compared to 2.01 mg /
g fresh weights for control. It indicates also accumulation of great amounts, not oxidized, phenols by
T. asperellum due to the previously noticed low
stimulation of PO and PPO. Free phenolic compounds were large accumulated in the cells due to
T. asperellum and reached to 6.21 and 4.62 mg/g
fresh weights during both seasons, respectively,
with superior mean of 5.42 mg /g fresh weights,
followed by 5.11 mg /g fresh weights for B. nakamurai. It indicated obtaining of great average of
total phenols by using T. asperellum during both
seasons reached 10.20 mg/g fresh weights. So, utilization of T. asperellum gave superior accumulation of phenolic compounds in onion cells more
than them formed by the other treatments, even the
chemical fungicide, indicating induction of nonenzymatic defensive mechanism.
Disease index parameters. Applicability of
the investigated treatments for controlling white rot
disease of onion plants in natural infested field was
evaluated. Here, due to in vitro non-significant increase of mycelium inhibition by using both 0.40
and 0.80 g L-1 of CuSo4, the lower dose was applied
and preferred economically. Table 6 showed no
disease incidence or severity during both seasons
were recorded due to bury of sclerotia, where disease reduction reached its fulfilled (100 %), indicating superior treatment.
As well as, the lowest disease incidence of
27.50 % was achieved by Maxim Fs followed by
28.17 % by Bacillus nakamurai during 2017 season
compared with 81.83 % for control. So, mean reduction of disease severity reached to high values
of 84.19 and 73.94 % due to Maxim Fs and B.
nakamurai, respectively. The other treatments
showed fewer magnitudes.

DISCUSSION
Fourteen pathogenic isolates of S. cepivorum
were screened and varied in their pathogenicity
against onion transplants. Results of pathogenicity
tests confirmed that Sc11 was the most virulence
compared to the other isolates. Different pathogenic
isolates of S. cepivorum caused Allium white rot
disease was strongly varied and confirmed based on
the findings of [31, 32].
Under laboratory conditions, antifungal activities of 40 bacterial and 15 fungal isolates were remarkable obtained twards S. cepivorum (Sc11). Results indicated that B10 proved to be the superior
with highest RPA-value. Based on cultural, biochemical and 16S rRNA genomic sequencing test,
B10 bacterial isolate was identified as Bacillus
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PO, PPO and accumulation of phenolic contents in
the plants was reflected. Data indicated lower
activity levels of PPO compared with PO. It
showed also that Maxim Fs was the superior
treatment, by which great activities of both enzymes
were induced. It was in agreement with the findings
of [42], which suggested that PO and phenolic
compounds were involved in defense reaction
against oxidative stress. Activation of PO and PPO
plays a crucial role in the biological control and
resistance of plant to pathogenic attack [43]. PPO
activity was significantly higher in plants treated
with T. harzianum. These responses were termed as
induced systemic resistance (ISR) [44]. Induction
of several plant defense mechanisms such as lignin
biosynthesis, oxidative cross-linking of plant cell
walls and generation of oxygen species were suggested by [45]. PO catalyst is one of the most
important oxiditive enzyme generating reactive
oxygen species (ROS), polymerizing cell wall
composities and regulating H2O2 levels [46]. So,
building a rigid cell wall or producing ROS might
be created due to the multifunctional enzymes. It
makes cell wall more malleable that can prevent
micobial attacks by raising physical barriers or by
counterattacking with ROS-production.
PPO catalysis plays an important role in lignin
biosynthesis and other oxidative phenols. The
mechanisms of PPO based on suppression of the
pathogen life cycle and induction mediated phenols
enhancing the antagonistic action [47]. Similarly,
[24] investigated antifungal activities of Bacillus
subtilis B4, B5, Trichoderma koningii, T. harzianum
and their roles for enhancing defensive enzyme
activities for controlling onion white rot disease.
These results were directly reflected on the
phenolic contents of onion plants. Data were in
compatible with the findings of [9], who stated that
phenolic compounds play significant roles in disease resistance, particularly in defense mechanisms.
Phenols are starting molecules for the synthesis of
lignin and suberin required to strengthen cell walls.
The greater activity of PO and PPO, along with
higher amount of total phenols enhanced the host
resistance. [48] concluded that 41 Trichoderma
isolates showed remarkable antagonism against S.
sclerotiorum and S. cepivorum. It causes sequences
morphological and biochemical changes, principal
to ISR entire plant. Phenols have antioxidant properties and ability to quenching of free radical reactions [49]. Another mechanism underlying the antioxidant properties of phenolic compounds is the
inhibition of membrane lipid peroxidation by
"catching" alkoxyl radicals.
All morphological and biochemical changes
noticed in onion plants due to the tested treatments
were reflected to induce systemic resistance against
white rot disease. Antifungal activities of such
treatments were varied depending on their nature
and their pathogenicity, abilities in suppressing
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pathogen growth and reduce its symptoms. Here, no
disease incidence or severity during both seasons
was recorded due to bury of sclerotia at 20 Cm
depth under soil surface. At this location, sclerotia
became far away rhizosphere regions without any
stimulation. Therefore, disease reduction reached
its fulfilled (100 %). It followed by effect the tested
fungicide Maxim Fs and biocontrol agents, respectively. These results were in agreement with the
findings of [50], who stated that sclerotia are mostly restricted to the top 25 cm of soil because of
ploughing, although, sclerotia as deep as 30 cm can
infect garlic bulbs. According to [5], treatment of
garlic cloves with tebuconazole and basal spray was
achieved significant reduction in the rate of disease
progress and the final incidence of plant death by S.
cepivorum. White rot disease incidence was remarkable reduced to 3.41% for the lowest dose and
3.61% for the highest dose by T. asperellum BCC1
when compared to onion plants treated with chemical fungicides [51].

CONCLUSIONS
Bury of sclerotia of S. cepivorum, as physical
control strategy, was confirmed as superior treatment for reducing onion white rot disease in this
study. It represents a promising environmentally
safe effective strategy for controlling onion white
rot disease. But it has not a full capacity to induce
complete systemic resistance. So, further studies are
required in this aspect. Role played by both chemical and biological control agents in controlling
white rot are delayed, but they have majority to
control plant diseases under field conditions. Despite being their less efficient, Maxim Fs, T.
asperellum and B. nakamurai proved to enhance
enzymatic and non-enzymatic defense mechanism
in onion plants under pathogenic stress conditions.
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DETERMINATION OF SOME PHYSICAL AND
MECHANICAL PROPERTIES OF STYRAX (STYRAX
OFFICINALIS L.) GROWN IN NATURAL ENVIRONMENT
Osman Ozbek*, Nurettin Kayahan
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“Tespih oDOÕVÕ $\Õ IÕQGÕ÷Õ Yaban D\YDVÕ dDNÕOGDN
Zanzalak,” is used as medicine due to its antiseptic
properties and also as an incense burner due to its
pleasing smell. The oil extracted from its seeds is
used to prepare the rosary [3]. The resin of the
species S. officinalis, known as “storax” was used in
traditional medicine in the Mediterranean basin for
antiseptic purposes and against respiratory diseases
[4]. Many scientific studies report that the
compounds
obtained
from
styrax
have
pharmacological,
anti-bacterial,
antifungal,
antileishmanial, analgesic, antibiotic, antiprotozoal,
antitumor, and inhibitory activities [5–7]. Styrax
seeds are known to have about 50% oil content [8].
Humanity is facing numerous occupational and
environmental risks that endanger its security and
may lead to emergencies with increased scientific
and technological evolution due to the development
of society. In recent years, the unpredictable nature
of emergencies has caused several problems related
to occupational and environmental safety in
emergency management. The complexity of modern
challenges is beyond the problem-solving capacity
of an individual [9]. Since styrax is grown in a
natural environment, it can be used in
pharmaceutical cultivation without utilizing
chemical fertilizers and other environmentally
hazardous elements. Also, no exhaust gas is emitted
by vehicles used for cultivation. As a result, this
product provides positive contributions to
environmental protection when used as an
alternative to cultivated plants.
Physical properties such as length, thickness,
width, rupture strength, the projected area of
biological materials such as nut are technically
important. Only limited studies concerning the
physical properties of styrax are available hitherto.
Due to the increasing importance of styrax seeds,
machines should be developed for harvesting and
processing of seeds. For this purpose, the physical
properties of styrax seeds should be well known to
avoid seed damages and to obtain appropriate
processes. The objective of this study is to
investigate the various moisture-dependent physical
properties of styrax seeds grown in the province of
Konya in Turkey.

ABSTRACT
The physical parameters of styrax seeds play an
essential role in designing equipment to handle,
harvest, process, and store the seeds. In this study,
we determined various physical properties
(dimension, geometric mean diameter, sphericity,
bulk density, true density, volume, hardness, and
porosity) of styrax seeds. The values of thousandgrain weight, geometric mean diameter, sphericity,
projected area, bulk density, and true density were
427.17 g, 9.54 mm, 28.86 mm, 87.75%, 85.98 mm2,
579.6 kg m-3, and 1015.9 kg m-3, respectively.
Knowing the physical properties of the equipment
used in plantation, harvesting, transportation,
storage, and processing of styrax seeds is very
important.
Here, we studied the physical and mechanical
properties of styrax, such as length, width, thickness,
sphericity degree, projected area, porosity, terminal
velocity, and rupture strength, and investigated the
relationship between them. These features are
essential for projecting agricultural machines; for
example, terminal velocity projects the fan of the
harvester. The measurements were performed using
the biological material testing equipment, image
processing techniques, and terminal velocity
measuring devices.

KEYWORDS:
Styrax (Styrax officinalis L.), physical properties,
mechanical properties, image processing, moisture content

INTRODUCTION
Styrax officinalis L. (Styracaceae) is a
deciduous shrub found in Central America, Mexico,
and the Mediterranean region, including Turkey [1].
It is a perennial plant with upright branching that can
grow to 2–5 m and sheds leaves in winter. Styrax
resin was used by Romans, Egyptians, Phoenicians,
and Ionians as incense and in therapeutics [2]. Styrax
was one of the gold worthy bushes in ancient times
and grew naturally in large parts of Turkey. Resin
found in the body of the plant, which is named as
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Dp = (LWT)ଵ/ଷ
ାା
Da =

MATERIALS AND METHODS

ଷ

This study was conducted with Styrax
officinalis L. fruits after collecting the samples from
Konya/Hadim in 2017. Fruit peels, endocarps, and
seeds were separated and prepared for testing. The
total weight of the fruit used was 50 kilograms. They
were transported to the laboratory in a four o'clock
period using cooled bags (10 oC).
The fruits were cleaned to remove all foreign
matter such as dust, branch, leaves, immature and
damaged fruits. The cleaned fruits were packed in a
3000 mL hermetic glass vessel and kept in cold
storage (–18 oC).
A hundred fruits were randomly selected for
each measurement. Before starting the experiment,
the required quantity of seeds was allowed to warm
up to room temperature.
The initial moisture content of seeds was
determined by following a standard method [10] and
was found to be 5.7% d.b. The seed samples of the
desired moisture levels were prepared by adding
calculated amounts of distilled water, mixing
thoroughly, and sealing in separate polyethylene
bags. The samples were stored at 278K in a
refrigerator for seven days to allow the moisture to
distribute uniformly throughout the samples [11–
15].
All physical properties of the fruits were
assessed at moisture levels of 5%, 7%, 10%, 15%,
20%, and 25% d.b., with three replications at each
level.
Ten groups of samples consisting of 100 fruits
in total were selected randomly to determine the size
of the fruits. Ten fruits were taken from each group,
and three principal dimensions, namely length,
width, and thickness, were measured using an
electronic micrometer with an accuracy of 0.01 mm
for each grain.
The geometric mean diameter (Dp) and
arithmetic mean diameter (Da) of the seeds were
calculated as follows [16]:

(1)
(2)

where L is the length, W is the width, and T is
the thickness.
According to Mohsenin [16], the degree of
sphericity (Ԅ) was expressed as follows:
Ԅ=

()భ/య


100

(3)

The projected area of the seed was measured by
using an image processing technique. A digital
camera, a computer with a 2.4 GHz processor, and
FIJI software were used for this measurement. The
seeds were placed on a white background, a
calibration plate was placed near the seeds, and the
pictures of the seeds were taken from 50 cm height
with a 16 MP camera. Then, the images were
processed, and projected areas were determined.
A weight per hectoliter tester calibrated in kg
per hectoliter was used to measure the bulk density
[11, 17].
The weight of the fruit’s mass was measured
using an electronic balance to an accuracy of 0.001
g.
The true density of seeds was determined using
the liquid displacement method, where Toluene
(C7H8) was used instead of water because of its lesser
absorbability by seeds [18, 19].
The porosity of the bulk was determined by
using the following formula [16, 20].
ɂ=൬

U ౪ ି Uౘ
U౪

൰ 100

(4)

where Ub is the bulk density and Ut is the true density
The terminal velocities of grains were
measured using an air column. For measurement, a
grain was dropped into the air stream from the top of
the air column, and the air velocity near the location
of the grain suspension was measured by an
electronic anemometer having an accuracy of 0.1 m
s-1 [21, 22] (Figure 1).

FIGURE 1
Unit for measuring terminal velocity
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FIGURE 2
The test unit for biological material
The biological material test device developed
by Aydin and Ogut [23] was used to determine the
rupture strength of seeds (Figure 2). The device has
a stable up motion platform, a driving unit (AC
electric motor and electronic variator), and a data
acquisition system (Dynamometer, amplifier, and
XY recorder). The seeds were placed on the stable
up platform and pressed with a motion probe (Ø2.2
mm). The rupture strength of seed was measured by
the force dynamometer and data acquisition system
having a least count of 0.01 N. Experiment was
conducted at a loading velocity of 50 mm min-1.

g, 10.87–11.79 mm, 8.83–9.53 mm, 9.05–9.57 mm,
9.54–10.24 mm, 87.04–87.87%, respectively.
Similar results concerning physical properties and
size were expressed by Cesur [24].
The following expression can be used to
describe the relationship between the average
dimensions of the fruits at 5.7% (d.b.) moisture
content:
L = 1.231 x G = 1.201 x K = 1.139 x GMD =
12.352 x Ø
The coefficients of correlation (Table 2) show
that the D/L, D/M, D/Dg, and D/Ø ratios are highly
significant. Similar results were found by Demir et
al. [25] for hackberry and Haciseferogullari et al.
[19] for medlar. This indicates that the length, mass,
geometric mean diameter, and sphericity are closely
related to the diameter of fruit.

TABLE 1
Dimensional properties of styrax
Properties
Values
Thousand grain weight (g)
427.17 ±2.13
Length (mm)
10.87 ±0.19
Width (mm)
8.83 ±0.17
Thickness (mm)
9.05 ±0.22
Geometric mean diameter (mm)
9.54 ±0.18
Sphericity (%)
87.75 ±0.71

Bulk and true density. The values of bulk
density and true density of styrax at different
moisture levels varied from 498.3 to 579.6 kg m-3
and 1015.9 to 884.7 kg m-3, respectively (Figure 3).
These results indicate that bulk and true density
decreases with increasing moisture content. The
negative linear relationship of density with moisture
content is due to the lower volumetric expansion of
the fruits under moisture and increasing mass. This
negative linear relationship was also observed by
Visvanathan et al. [26] for neem nut, Baryeh [27] for
bambara groundnut, Aydin [28] for hazelnut, Pliestic

RESULTS AND DISCUSSIONS
Dimensions and size distribution of styrax.
The dimensional properties of styrax are given in
Table 1. The values of thousand-grain weight,
length, width, thickness, geometric mean diameter,
and sphericity of styrax varied from 427.17–489.28
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TABLE 2
The correlation coefficient of styrax
Ratio
Degrees of freedom Correlation coefficient
0.928
21
0.870**
12.252
21
0.718**
0.976
21
0.975**
11.968
21
0.004

Particulars
L/G
L/K
L/GMD
L/Ø
**significant at 1% level

et al. [29] for Filbert, and Shepherd and Bhardwaj
[30] for pigeon pea.

Projected area. The projected area of styrax at
different moisture levels varied from 85.98 to 107.36
mm2 (Figure 5). When the moisture content
increased from 5.7% to 25%, the projected area
increased by 24.8%, indicating that the increase in
moisture content is directly proportional to the
increase in the projected area. Similar trends were
reported for other seeds as well [11, 16, 18, 31].

Porosity. The porosity of styrax at different
moisture levels varied from 41.7 to 44.8% (Figure
4), and did not show a continuous change with the
increase in moisture content.

Density, kg m-3
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y = -3,9452x + 596,38
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Moisture content %d.b.
Bulk density

25

True density

Porosity, %

FIGURE 3
Variation of bulk and true density of styrax with moisture content
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FIGURE 4
Variation of porosity of styrax with moisture content
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FIGURE 5
Variation of the projected area of styrax with moisture content
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FIGURE 6
Variation of terminal velocity of styrax with moisture content
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FIGURE 7
Variation of rupture strength of styrax with moisture content
Terminal velocity. A variation of 7.89 to 9.99
m s-1 (Figure 6) was observed in the terminal velocity of styrax at different moisture levels. When the
moisture content increased, the terminal velocity
was found to increase linearly. A 5% increase in the
moisture content increased the terminal velocity by
an average of 6%. Similar results were observed in
previous reports [19, 32, 33].

The projected area and terminal velocity value
of styrax increased with increasing moisture content;
however, the rupture strength of styrax decreased
with increasing moisture.
The results of this study could be applied to
optimize the performance of threshing, pneumatic
conveying, and other transportation and storage
processes and to develop machines for styrax.

Rupture strength. The rupture strength values
of styrax are presented in Figure 7 and are found to
be between 321.5 to 213.4 N. The relationship
between the rupture strength and moisture content of
the styrax is linear with an increase in rupture
strength at low moisture content. The small rupturing
forces at higher moisture content might be because
the kernel is very soft when it is moist. Similar
UHVXOWVZHUHUHSRUWHGE\$\GÕn [33].
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EFFECTS OF VERMICOMPOST APPLICATIONS ON
GROWTH AND PHOSPHORUS UPTAKE OF MAIZE PLANTS
(ZEA MAYS L.)
Sezer Sahin*, Havvanur Kurt
Gaziosmanpasa University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, 60250, Tokat-Turkey

It is estimated that calcareous soils are 600
million hectares worldwide [2]. In these soils,
carbonates and phosphorus are kept in the soil. As a
result of the precipitation of calcium and
phosphorus, the percentage of the plant benefiting
from phosphorus decreases. Therefore, plants grow
by experiencing phosphorus deficiency [3]. Organic
matter improves herbal production capacity by
improving the chemical, physical and biological
properties of calcareous soils [4]. Compost prepared
for such soils, rested animal fertilizers, the
application of worm manure (vermicompost) with
high biochemical properties, which have increased
production in recent years, are one of the solutions
for both benefiting from phosphorus and correcting
other properties. It is kept in acidic soils as Fe-Al
phosphate compounds. It appears as Ca-phosphate or
CaCO3 phosphate compounds in alkaline calcareous
soils. Fe-Al phosphate compounds seen in acidic soil
solutions are not an ordinary displacement reaction
but a chemical retention. Therefore, they are almost
impossible to dissolve.
In order to prevent or reduce P retention in
alkaline-calcareous soils, it is necessary to increase
the concentration of P in the environment [5].
Immediate fixation of applied inorganic P goes to the
unfit form of most of 75-90 %. In addition to high
chemical fertilizer cost, it also prevents the need for
useful phosphorus [6]. High amount of P application
will both be an economically unnecessary cost and
cause harmful effects on environment and human
health. One of the factors reducing phosphorus
fixation is soil organic matter.
It has been observed that the worm manure,
which has been done in recent years, increases soil
organic matter, has positive effects on soil pH
balance, increases the soil nutrient and humic
substance content, and shows positive effects on
plant
development
and
soil
structure.
Vermicompost, also called worm excrement or kest,
is a soil regulating organic material that occurs as a
result of composting organic wastes through the
digestive system of the worms [7]. Lumbricus
rubellis and Eisenia foetida species known as Red
California Worm are preferred in vermicompost
production. In a study related to the determination of
these species, exotic and domestic worm species
(Eisenia foetida and Lempito mauritii) were included

ABSTRACT
Vermicompost is the organic material that has
been transformed into organic fertilizer by means of
biological organisms. With the application of
vermicompost, the nutrients necessary for the soil,
different hormones, and the number of living things
increase. This study aimed to study the effects of
vermicompost application and phosphorus fertilizer
rates on zea mays in limy soil conditions. The effect
of vermicompost applications was evaluated with
four doses of vermicompost (Control, 1.5, 3, and
6%) in three doses of phosporus applications. So, 0,
50 ppm and 100 ppm phosporus blocks had all four
doses of vermicompost. Optimum level (150 ppm N
and 100 ppm K) of N and K fertilisers were applied
to all plants tested. Total plant biomass, leaf wet and
dry weights, plant height, content of soil organic
mater and N, P, K compositions of leaf were
measured. Results showed that, the effects of
vermicompost application and phosphorus usage on
all studied traits were significant. The combined
effects of vermicompost and phosphorus application
on plant height was significant at 5%, while
significance was at 1% on total plant biomass, leaf
and root wet and dry weights. Additionally leaf N, P,
and K concentrations also increased with
vermicompost and phosphorus applications. As a
result, we observed increased P uptake levels with
increased doses of vermicompost application in
limysoils.

KEYWORDS:
Vermicompost, plant
mikrobial activity

growth,

phosphorus

uptake,

INTRODUCTION
Phosphorus is an important nutrient for plants.
However, phosphorus is insufficient in the form that
can be taken by plants in the soil. High pH, low
amount of organic matter, insufficient moisture, high
clay content and the amount of lime in the soil are
the most important factors that decrease the
usefulness of phosphorus [1].
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in the experiment and after the 42-day
measurements, Eisenia foetida species was more in
terms of total organic matter, C: N ratio, total NPK
and EC. It has been found to perform well [8].
Vermicompost is an organic material rich in nutrient
content, active microbial activity, humic substances
and enzymes [9]. Vermicompost has high water
holding capacity and high porosity. In addition, the
minerals that vermicompost contains are in a form
that can be directly taken by plants [10].
Worms act as a mechanical blander, breaking
down organic matter down to the smallest building
blocks, balancing the C: N ratio and turning organic
waste into a form that is very useful for plants [11].
Vermicompost is an effective tool for managing
organic residues [12], and increases the conversion
to the phosphorus form that plants can take [13-14].
Physicochemical properties such as porosity, soil
aeration, drainage, water holding capacity, microbial
activity, high nutrient content and buffering capacity
are the main benefits provided by vermicompost
[15]. Another reason why vermicompost attracts
such attention is humic acid compounds and some
plant growth regulating active substances in its
structure [16-17]. The decomposition of organic
substrates in the process of worm manure production
leads to the production of various organic acids such
as malonic, fumaric, succinic acids and soluble
humic molecules [18]. Both the absorption and
mineralization of phosphorus are processes mediated
by microorganisms, and the application of
vermicompost increases the rates of these two
processes in the soil.
Phosphorus applications increased the amount
of plant phosphorus of the onion and lettuce plant
and decreased some nutrients. Phosphorus
applications caused increases in yield [19].
Phosphorus applications in soybean and white broad
bean plants increased root development and total
biomas [20]. While vermicompost applications
increased the fruit yield in Indian orange, it was
effective on the quality characteristics of the fruit
[21]. In the study where vermicompost and
phosphorus were applied together, the yield of corn
plant was found highest. Vermicompost doses
increased, phosphorus and potassium concentrations
increased in pepper and eggplant [22]. One thousand
grain weight in beans was obtained from
applications where phosphorus and vermicompost
were applied together [23-24]. The phosphoric
enrichment of vermicompost increased yield and
quality compared to control in peanuts [25].
The aim of this study is to investigate the
effects of applying vermicompost and phosphorus
doses to a soil with a high lime amount on the
development of corn plant and phosphorus uptake
according to the control conditions of vermicompost.

Fresenius Environmental Bulletin

MATERIALS AND METHODS
Study area and plant variety. This study was
carried out in 2017 as a pot study in a closed area
with shadow tulle (30%, black color) located in
Tokat *D]LRVPDQSDúD University, Faculty of
Agriculture, Research and Application Land. In the
trial; Everest Corn (Zea mays L.) variety was used as
plant material.
Properties of study soil and vermicompost.
The properties of the soil to be used in the
experiment are given in Table 1. The vermicompost
to be used in the trial was obtained from Ekosolfarm.
It is features are given in Table 2.
TABLE 1
Chemical properties of soil used in the
experiment
Lime (%)
pH ௗௗ
Total salt %
Organic matter

16.8
7.92
0.044
1.17

Total N (%)
Availabity P2O5

0.14

(%)
3.37

(kg/da)
Killi WÕQ

Texture
Iron (ppm)
Zinc (ppm)

1.86
0.32

TABLE 2
Physical and chemical properties of
vermicompost
pH ௗௗ
EC ௗௗ ௗ6FP
Organic matter (%)

7.80
1450
48,95

Total N (%)

1.90

C/N

14.94

P (%)
K (%)

2.05
0.8

Trial aplications. The randomized block were
designed with a total of 48 pots with 4 replications.
5000 g of soil was weighed in plastic pots in control
applications. Vermicompost application was
weighed into pots as 0, 1.5, 3 and 6% of the weight
of the soil and mixed into the pots and mixed with
soil at a rate of 5000 g. Corn seeds were planted in
pots as four. Later, these plants were reduced to two.
During the application of phosphorus, the
phosphorus level in the test soil was accepted as a
control. Other application doses were applied as 50
and 100 ppm from phosphoric acid source. It was
supplied from 150 ppm N and 100 ppm K
ammonium nitrate and potassium nitrate sources in
order to ensure the development of plants. The whole
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TABLE 3
Effects of vermicompost and phosphorus applications on the physiological development of corn plant
Aplications

Root wet
weight
(gr plant)**

Root dry
weight
(grplant)**

Stalk and leaf Stalk and leaf
Plant
Leaf
wet weight
dry weight
height
Spad value *
(cm)*
(gr lant)
(gr lant)
**
**
25.16 e
7.18 e
26.65 e
5.42 e
18.4 c
8.2 c
P0
36.45 c
8.79 cd
48.78 d
14.49 c
21.0 bc
9.5 bc
P1
V0
38.31 c
10.31 c
70.75 c
13.76 c
21.3 bc
10.5 b
P2
29.42 cd
7.53 de
53.75 cd
9.57 d
22.1 bc
8.7 c
P0
38.47 c
9.15 cd
83.25 bc
17.43 b
25.1 b
9.8 bc
V1
P1
42.47 bc
12.19 bc
89.86 b
18.56 b
26.4 a
10.8 ab
P2
29.12 cd
7.15 de
70.75 c
12.54 cd
23.5 b
8.6 c
P0
37.89 c
9.84 c
94.75 b
23.45 ab
24.6 b
10.2 b
V2
P1
47.18 b
13.07 b
104.56 a
23.67 ab
26.6 a
11.2 a
P2
31.85 cd
7.95 d
76.75 c
14.34 c
24.0 b
8.6 c
P0
46.70 b
12.53 b
102.25 ab
24.56 ab
24.1 b
9.5 bc
V3
P1
60.50
15.62 a
108.34 a
26.56 a
27.1 a
11.4 a
P2
Med.
38.62
10.10
77.50
17.02
23.6
9.71
* The values are the four repeat averages and each parameter was evaluated separately and there was no statistical difference
between the values indicated by the same letter. The differences between the averages in each column were determined by
Duncan test.
Ö.D: Not Important; * P <0.05; ** P <0.01 is important

phosphoof was applied in seed sowing. Nitrogen and
potassium application were divided into three and
applied. In addition to this fertilization, 5 ppm Fe
application was given from iron sulfate source and
2.5 ppm Zn application was given from zinc sulfate
source.

RESULTS AND DISCUSSION
Vermicompost applications statically increased
the root wet weights of the corn plant in the 45-day
development at a 1% significance level. While the
root wet weight was 33.30 gr/plant in control
application, it was determined as 36.82 gr/plant at
V1 dose, 38.04 gr/plant at V2 dose and 46.35
gr/plant at highest vermicompost application (V3)
(Table 3). Phosphorus is used much more for the
plant in the early stages of plant development. In a
calcareous soil, phosphorus reacts with calcium
carbonate to form a precipitate in the form of calcium
phosphate, which plants have difficulty using. The
effect of added phosphorus fertilizers on plant
growth has also been demonstrated in studies. It was
determined that the root wet weight and root dry
weight obtained in our study were affected in parallel
with the applications. Considering the vermicompost
mean, the root dry weights in the control were 8.66
g/plant, while it was 9.62 g/plant in V1 application,
10.02 g/plant in V2 application and 12.03 g/plant in
V3 application. As the phosphorus level applied to
the pots increased, the root dry weights increased (p
<0.01) (Table 3). The application of vermicompost,
the root biomas of strawberry plant increased by
37% and marketable fruit increased by 35% [27].
Reported that vermicompost doses were at 32% in
the first year and 61% in the second year [21].
Vermicompost and phosphorus applications on
the wet and dry weights of the aboveground parts of
the corn plant were statistically effective at 1%
significance level. The stalk and leaf wet weight of
corn plant gave the highest value as 108.34 g/plant
in V3P2 application. The lowest was 26.65 g/plant
from the V0P0 application. The stem, leaf dry weight
of the maize plant gave the highest value as 26.56

Analysis in the study. Following the development of the corn plant, the plants were harvested by
clearing the roots of the corn plant in 45 days. The
root and root weights of the plants and the height
measurements of the plants were made. After washing the plants with pure water in the laboratory, it
were dried at 68 C and the dry weights of the root
and root parts were determined. Spad measurement
was done with the portable chlorophyll meter device
(SPAD-502, Konica Minolta Sensing, Inc. Japanese), which indirectly measures the amount of chlorophyll in the leaf. After the leaves of the plants were
dried, they were burned in an acid mixture of H2O2HNO3 according to the wet burning method in the
microwave device (Mars Xpress). Then, in these examples, P, K, Fe and Zn reading was done on the ICP
device. The plant was made according to the N
Kjeldahl distillation method [26].
Experimental design and statistical analysis.
The effects of vermicompost and phosphorus doses
on the yield parameters and nutrient concentrations
of plants were tested by variance analysis and the
differences between applications were grouped by
DUNCAN grouping. SPSS 21.0 package program
was used in the analysis.
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TABLE 4
Effect of vermicompost and phosphorus applications on leaf nutrient element, soil bacteria density and
soil organic matter of corn plant
Aplications

Leaf N
(%)**

Leaf P
(%)**

Leaf K
(%)**

Soil bacteria
density. (cell
ml)**
1.12x103
1.18x103
1.21x103
2.14x103
2.12x103
2.02x103
1.54x104
1.75x104
1.43x104
2.54x104
2.75x104
2.46x104

Soil organic matter
amount. (%)**

2.04 e
0.15 e
1.42 c
1.08 c
2.47 bc
0.25 c
2.12 bc
1.12 c
1.11 c
2.48 bc
0.35 b
2.45 a
2.08 de
0.15 e
1.48 c
1.18 bc
1.22 bc
2.67 b
0.29 bc
2.18 bc
V1
1.21 bc
2.58 b
0.34 b
2.41 ab
2.13 d
0.16 e
1.41 c
1.29 b
1.31 b
2.82 a
0.32 bc
2.07 bc
V2
2.72 a
0.39 ab
2.41 ab
1.31 b
1.38 a
2.35 c
0.15 e
1.39 c
2.59 b
0.34 b
2.09 bc
1.34 ab
V3
1.33 ab
2.71 a
0.42 a
2.32 b
Med.
2.46
0.27
1.97
1.23
* The values are the four repeat averages and each parameter was evaluated separately and there was no statistical difference
between the values indicated by the same letter. The differences between the averages in each column were determined by
Duncan test.
Ö.D: Not Important; * P <0.05; ** P <0.01 is important
V0

P0
P1
P2
P0
P1
P2
P0
P1
P2
P0
P1
P2

g/plant in V3P2 application. The lowest was 5.42
g/plant from V0P0 application. When vermicompost
is added to the environment, vegetative development
has increased. The presence of phosphorus and
vermicompost in the medium and the increase of
their doses increase the percentage of development
in the plant. Organic matter increases the production
capacity by improving the chemical, physical and
biological properties of calcareous soils [4]. In order
to prevent or decrease P retention in alkalinecalcareous soils, it is necessary to increase the
concentration of P in the environment or to prevent
the adherence to P by providing Ca buffering [5].
Reported that when applying inorganic P with
vermicompost to the fresh bean plant, the yields
increased and the nutrient intake increased with
vermicompost application in the features they
examined in experiencing these increases [24].
Another researcher [25] reported that vermicompost
enriched with phosphorus increases yield in peanuts.
They revealed in their research that this increase in
yield is higher than inorganic phosphorus
fertilization.
The effects of the applications on the height of
the corn plant were found significant (p <0.05).
While the average of P0 application was 22 cm in
phosphorus application, the average of P1 and P2
applications was measured as 23.4 cm and 25.4 cm.
V0 application average was 20.2 cm in
vermicompost application and 24.5 cm, 24.9 cm and
25.1 cm in V1, V2 and V3 applications.
Vermicompost and phosphorus doses were
statistically effective on leaf spad levels at 5%
significance level. As plant development increased,
the increase in vegetative component increased the
intake of nutrients, especially nitrogen intake. With
this increase, nitrogen accumulation in the leaves
caused an increase in leaf Spad values.

Vermicompost x phosphorus dose interaction was
statistically effective at 5% significance level (Table
3). The highest leaf Spad value was obtained from
V3P2 and V2P2 applications with 11.4 and 11.2.
Applied vermicompost and phosphorous source in
different doses of superphosphate in maize plant
cultivation [23]. The researchers reported that the
amount of leaf chlorophyll increased as the amount
of phosphorus and vermicompost increased.
Vermicompost application was statistically
effective at 5% and phosphorus application at 1%
significance level on nitrogen concentration from
nutrients in the leaves of the plant. Vermicompost x
phosphorus interaction was effective at 1%
significance level (Table 4). The same is true for leaf
phosphorus and potassium concentrations. In the
control application (V0P0), while the leaf P
concentration is 0.15%, it is observed that the P
concentration of the plant increases as the
phosphorus and vermicompost doses increase (Table
4). This value determined in the deficiency level
(<0.3%) specified for the leaf P concentration in the
shorter period of 30 cm of the corn plant. Stated that
the concentration of 0.30-0.50% P is more than
sufficient [28]. Sufficiency of plant leaves was
determined in 50 ppm and 100 ppm applications.
The highest P concentration was measured from
V3P2 application with 0.42%. The calculations show
that the fertilizer put in the soil increases with the
increase in the amount of organic matter.
Considering the averages in vermicompost
application, the lowest leaf K concentration was
detected in V3 application with 1.93%, while 2.02%
K concentration was obtained in V1 application. In
control application, while leaf K concentration is
1.42%, when phosphorus applications increase, it is
seen that leaf K concentration of the plant increases.
As the amount of dry matter formed by plants
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increases, K concentrations in tissues also change.
Reported that pepper yield increased with
vermicompost they applied in their study [29].
Researchers reported that the nutritional height of
vermicompost should be taken into account in the
emergence of these results.
When organic fertilizers such as vermicompost
are mixed into the soil, it increases soil viability. Soil
viability is important for the functioning of existing
systems in the soil. At the beginning of these systems
is to increase the solubility of nutrients in the soil. In
the study, with the application of vermicompost to
the soil, it was statistically effective at the level of
1% significance in the increase of bacterial density.
The effect of phosphorus application was found
insignificant (Table 4). Dry vermicompost was
mixed with the top soil at the rate of 0, 1.5, 3 and 6,
and left for incubation for 1 week. Later, seeds were
sown and phosphorus applications were made. At the
end of the experiment, the soil on the top of the pots
was mixed and the effect of the applications on the
soil organic material was examined. While
vermicompost applications increase the amount of
soil organic matter (p <0.01), the effect of
phosphorus application on soil organic matter was
found insignificant (Table 4). While the amount of
organic matter was 1.10% in the control of
vermicompost application, it was measured as 1.35%
in V3 application. Reported that vermicompost
applied to pots increased the amount of organic
matter in the soil and the amount of available P after
incubation [30]. The vermicompost applied to the
pots caused an increase in the level of organic matter
in the root rhizosphere region. The increase in soil
organic matter increases the water holding capacity
of the soil. This allows the plant to intake more water
and to breathe.

Fresenius Environmental Bulletin

phosphorous fertilization on leaf P concentrations
increased with 100% P concentration as the
phosphorus dose increased. Considering the
averages, leaf P concentration was 0.15% in the
control, while 0.30% in P1 application and leaf P
concentration in P2 application was determined as
0.38%. With the addition of materials of organic
origin to the soil in the study revealed that the plant
benefited more from the chemically applied
elements. In our study, it has been revealed as a
result of the analysis that vermicompost increases
the level of organic matter in the soil and accordingly
increases the density of bacteria, which is the
indicator of the viability in the soil.
Vermicompost material contains a composition
that both contributes to plant growth and regulates
soil structure. Studies and many other studies show
that vermicompost increases the intake of nutrients
from the soil, promotes plant development, increases
the rate of organic and humic substances in the soil
and contributes to the increase of microbial activity.
In addition, it can be said with certainty that the use
of vermicompost will positively affect the ecological
balance. Both the effect of vermicompost on the
elimination of wastes and the role of reducing the use
of synthetic fertilizers are effective on this. It is one
of the important results of our study that the
usefulness of synthetic fertilizers increases with the
use of vermicompost material. Vermicompost is not
a substitute for synthetic fertilizers. It should be
considered as an important support material and an
environmentally friendly soil conditioner.
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DESIGNATION OF CONSERVATION SITE NETWORK IN
ORDER TO MITIGATE CLIMATE CHANGE IMPACTS ON
BIRDS: A CASE STUDY OF SERBIA
Snezana Djurdjic*, Sanja Stojkovic, Marija Belij
University of Belgrade, Faculty of Geography, Belgrade, Serbia

Here, we focus on the Important Birds and Biodiversity Areas (IBAs) as sites of international significance for avifauna conservation. Global IBAs are
LGHQWL¿HGXVLQJVWDQGDUGL]HGFULWHULD relating to populations of globally threatened (A1), restricted-range
(A2), biome-restricted (A3) or congregatory species
(A4). The focus of these criteria on species of conservation concern makes IBAs a useful system for
evaluating climate change effects on conservation
site networks [9].
As opposed to the studies on effects of climate
change on avifauna that have been regularly conducted at the other parts of Eurasia, it is important to
point out that such studies have not been carried out
so far in the region of Southeast Europe and especially not in Serbia. Therefore, the aim of the paper
is focused on addressing the following question: how
will the projected climate change affect the ensuring
of suitable life conditions for trigger species i.e.
globally threatened species within network of IBAs
in Serbia?

ABSTRACT
This paper analyzes relations between population and conservation status of bird species that are
affected by various threats, with a special emphasis
on climate change on the example of the Important
Bird Areas (IBAs) sites in Serbia. The special accent
will be put on the analysis of the ability of the recently established IBA network in Serbia to continue
representing suitable habitats as stepping-stones, especially for globally threatened species belonging to
Serbian avifauna, which will be conducted using the
relevant data on population status of species and projected climate change, with assistance of GIS tools.
The results of this research could be used to update
conservation status of target species and habitats in
order to mitigate disturbing impacts through creation
and implementation of conservation priorities.

KEYWORDS:
IBA network, globally threatened species, conservation,
GIS, Serbian avifauna

MATERIALS AND METHODS
INTRODUCTION

The study area of the research includes the territory of the Republic of Serbia. Serbia is located in
the central part of the Balkan Peninsula between
 1DQGƍ1DQGƍ(DQGƍ(DQG
its territory covers 88,361km2. The northern part of
Serbia, the Pannonian Plain and its rims, is mostly
lowland, whereas the central and southern parts of
country are hilly and mountainous. Therefore, the
climate of Serbia is temperate continental, with more
or less distinct local characteristics and gradual
change of seasons, with warm summers with temperDWXUHV ULVLQJ HYHQ DERYH & DQG VQRZ\ ZLQWHUV
with temperatures dropping even below -&[].
Due to the geographic position on the western part
of the Balkan Peninsula and complex physico-geographical conditions, Serbia belongs to the Pannonian, Continental and Alpine biogeographical regions according to the most recent European Environment Agency (EEA) classification [11].

Climate change is defined as a statistically significant change in the mean state or the temporal variability of the climate due to natural variation of external forcing, anthropogenic changes in the atmosphere’s composition, or changes in land use [1].
Over the last few decades, numerous scientific
studies showing a correlation between global climate
change and changes in biological phenomena related
with avifauna [2, 3, 4, 5, 6]. The effects of climate
change on birds are various and the correlations of
their distribution ranges and complex life cycles with
diverse phenomena caused by contemporary climate
fluctuations are still not well known.
The most dangerous consequences related to
those impacts lead to extinctions of species or toward
recognition of status as globally threatened species,
such as critically endangered, endangered or vulnerable according to the criteria of the IUCN Red List
[7, 8].
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among those localities, 23 IBAs belong to localities
that match to A1 criteria (globally threatened birds),
biome-restricted species are recognized on 3 IBAs
(A3 criteria) and there are habitats for congregatory
species listed on 6 IBAs according to the A4 criteria
[16].
In relation to the global IBA criteria, this system has proven itself as suitable for evaluating climate change effects on conservation site networks
[9, 18].
Since the geographic distribution range, phenology, demographic patterns and other features of
annual cycle of birds vary considerably from species
to species, it is impossible to generalize the potential
effects of climate change on total avifauna of some
geographic area. Therefore, it is ultimately necessary
to apply the species-specific approach if the research
aims to determine the correlations between the effects of climate change and alternations in dispersal
or any disturbances of their demographic characteristics. We analysed the species-specific data on 13
globally threatened birds or those listed as CR, EN,
VU on the IUCN Red List from the study area, in
relation to the estimated impacts of climate change
as pressure or threat to the key biodiversity according to the BirdLife International data [16] (Table 1).
For the purpose of data analysis and the visualization of the obtained results, the Geographic Information System (GIS) was used. In this study, we created the geodatabase that was used for the assessment of correlation of Serbian IBAs and the potential
climate change with a special focus on the changes
of the average annual temperature parameter. The
main sources of data were the database of IBA spatial distribution and the species-specific data from
BirdLife International [16]; the annual average temperature and precipitation values for the period of
1971–IRUPHWHRURORJLFDOVWDWLRQVH[FHSWIRU
the stations in the territory of Kosovo, for which the
official data was unavailable [@ WKH SURMHFWHG
changes on annual average temperature and precipiWDWLRQ IRU – EDVHG RQ WKH DYHUDJH YDOXHV
obtained from the multi-model ensemble forced with
the RCP 8.5 high emissions scenario [21]; the altitude data [22]; the data for protected natural areas
downloaded from the official GIS portal of the Institute for Nature Conservation of Serbia [23] and the
data from the available published literature.
For the purposes of this research, the GIS software packages GeoMedia Professional and ArcGis
were used. The geodatabase was created with the use
of GeoMedia Professional, which was also used for
spatial overlay and visualization. Kriging by ArcGis
software was used to create the output surfaces of
temperature and precipitation maps. According to
the aim of this research, the interpolation was used
for two datasets, the average annual temperatures
and the precipitation values for period 1971–
DQG–

FIGURE 1
Spatial distribution of 43 IBAs of international
importance in Serbia with standardized code
names for sites [16]
The research on avifauna in Serbia is characterized by long tradition, but also by non-harmonized
data estimates on population trends. Namely, over
ELUGVSHFLHVKDYHEHHQGocumented in study area
according to different Serbian authors [12, 13, 14,
15]. For the purpose of this research, the most accurate data based on internationally standardized census on diversity of avifauna in Serbia were used, i.e.
the estimated total number of bird species is 311
[16]7KHFKHFNOLVWRI6HUELDQDYLIDXQDLQFOXGHV
ODQGELUGVPLJUDWRU\ELUGVZDWHUELUGVDQG
22 seabirds. According to the most recently updated
data from the official BirdLife International data
zone [16], the IUCN Red List status recognizes the
species of Serbian avifauna in the following statuses:
critically endangered (CR) – 1, endangered (EN) –
2, vulnerable (VU) – QHDUWKUHDWHQHG 17 – 16
and least concern (LC) – 282 species. Only 13 species from the total number of bird species in Serbia
are ranking in the category of globally threatened on
the IUCN Red List i.e. those listed as critically endangered (CR), endangered (EN) and vulnerable
(VU).
6LQFH WKH ODWH V, IBAs form a global and
regional network of RYHUVLWHVRILQWHUQDWLRQDO
significance for avian conservation, although more
WKDQDUHFXUUHQWO\QRWFRYHUHGE\SURWHFWHGDU
eas [17]. The network of IBAs of international importance located within the study area of research
consists of 43 localities (Fig. 1) that cover total area
of 1,263,662 ha. Following Global IBA criteria,
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TABLE 1
Overview of relation between globally threatened species with occurrence types in
IBAs on territory of Serbia and impacts of projected climate change [16, 19]
Species name
Branta ruficollis P.
(Red-breasted Goose)
Anser erythropus L. (Lesser
White-fronted Goose)

IBA site
5656
5656
5656
5656
5656
5656
56

2018 IUCN Red
List category

Occurrence
type

Impacts of
climate change

VU

Non-breeding

Habitat shifting and alteration; rapid decline in the
future

VU

Non- breeding, Passage

Habitat shifting and alteration; ecosystem degradation
Habitat shifting and alteration; ecosystem degradation, indirect ecosystem effects
Habitat shifting and alteration; Ecosystem degradation; Indirect ecosystem
effects

Clangula hyemalis L.
(Long-tailed Duck)

5656
5656
56

VU

Non-breeding

Melanitta fusca L.
(Velvet Scoter)

5656
5656
5656

VU

Non- breeding

Aythya ferina L.
(Common Pochard)

5656

VU

Resident; Passage

Streptopelia turtur L.
(European Turtle-dove)

All IBAs in Serbia

VU

Breeding

Otis tarda L.
(Great Bustard)

56

VU

Resident; Passage

CR

Passage

No influence

EN

Possibly Extinct or breeding

No influence

Non recorded

VU

Non- breeding, passage

No influence

56

VU

Breeding; Passage

No influence

Falco cherrug G.
(Saker Falcon)

5656
56 56
5656
56

EN

Resident, Passage

No influence

Acrocephalus paludicola V.
(Aquatic Warbler)

extinct

VU

Passage

Droughts; Ecosystem degradation

Numenius tenuirostris V.
(Slender-billed Curlew)
Neophron percnopterus L.
(Egyptian Vulture)
Clanga clanga P.
(Greater Spotted Eagle)
Aquila heliaca S.
(Eastern Imperial Eagle)

5656
5656
56
5656
5656
56

No influence
Droughts, temperature extremes; species mortality;
Reduced reproductive success
Climate change and severe
weather; storms and flooding; temperature extremes
Stresses - species mortality

CORDEX data in the cases analyzed in the literature
e.g. national diagnostics on climate change in France
[24], Croatia [25], Norway [26], etc.
Analyzing the obtained comparative values for
the projected period shown in the Figure 2, it is evident that changes in the increase of the mean values
of annual temperatures are in average of 2°C on the
territory covered by all IBAs. It is indicative that the
DUHDV FRYHUHG E\ WKH SURMHFWHG LVRWKHUP RI &
will include areas that are the most relevant for the
protection of migratory species and some of the
globally endangered IBAs (i.e. Velvet Scoter Melanitta fusca, Lesser White-fronted Goose Anser
erythropus). The Figure 3 shows trend of changes in
mean values of annual precipitation that indicates
their increase on the territory of all IBAs.

RESULTS AND DISCUSSION
Among the various scenarios of temperature
change, for the purposes of this study, we used the
Coordinated Regional Climate Downscaling Experiment CORDEX [21], which is an international coordinated effort under the auspices of the World Climate Research Programme's Working Group on Regional Climate, in order to provide homogeneously
designed regional climate model output to users. The
SURMHFWHG FKDQJHV IRU – DUH EDVHG RQ WKH
average values obtained from the multi-model ensemble forced with the RCP 8.5 high emissions scenario, compared to 1971– YDOXHV RI WKH VDPH
parameters. This model was applied due to the fact
that it is suitable for regional climate research and
that there are several justified uses of the EURO-

11225

© by PSP

Volume 29 – No. 12A/2020 pages 11223-11230

Fresenius Environmental Bulletin

FIGURE 2
IBAs overlapping with average annual temperature distribution for 1971–2000 (a) and 2071–2100 (b)

FIGURE 3
IBAs overlapping with average annual precipitation distribution for 1971–2000 (a) and 2071–2100 (b)
In addition to the sites in the north part of SerELD DOVR WKH VLWHV 56 ° 59" N (42.68°)
22°22' ( °  56 °12' 1 °)
22°11'59" E °  DQG 56 °17'59" N
°) 22° ( (22.17°)) will be under influence
of the same intensity of temperature change but, having in mind that the projected precipitation will remain at current values, it is to expect that trigger species previously mentioned IBAs will be more endangered.
Through detailed analysis of the relevant data
on distribution, population sizes and occurrence status of globally threatened species recognized on Serbia IBAs, it is established that the effects of climate
change can be classified as follows: species mortality, reduced reproductive success, habitat shifting
and alteration; ecosystem degradation, indirect ecosystem effects, etc. The results obtained through this

research reveal several species that will show particular vulnerability in relation to changes of climate
parameters, especially in relation to temperature extremes, during the period of projected climate
change. In the scope of the area researched, it is necessary to emphasize the status of the Great Bustard
Otis tarda that has been assigned the resident status
RQRQO\RQH,%$VLWH56 °56'26" N (45.94°)
°18'( °)). The current population estiPDWHVRIPLQLPXPLQGLYLGXDOVMXVWLILHVVWDWXV$
triggered according to the IBA criteria with the estimation that the majority or most of area population
– ZLOOEHDIIHFWHGZLWKWKUHDWVFDXVHGE\FOL
mate change. The slow but significant deterioration
of the population of the Great Bustard in Serbia corresponds with the results of research from other regions of Europe [27], according to which, the ranges
of that species would be expected to shift gradually
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over the studied time period and, therefore, areas of
current presence will shift to low or medium suitability in the future. Also, according to the results of
another scientific studies [28], higher proportions of
open lands, partly mediated by fire disturbance regimes and agriculture, may have constrained the realized thermal niches of these species more than the
climatic influences. Preservation of this species stable populations is of great importance, although in
practice this species has been treated as an umbrella
species, whose protection may have benefitted
steppe bird populations [29].
The temperature extremes will also negatively
affect the reduced reproductive success of the European Turtle-dove Streptopelia turtur that has breeding status in the territory of Serbia. Assessing the relationship between climatic variables (precipitation,
temperature and wind speed) and the presence, abundance, and reproductive success of the European
Turtle-doves is essential to guiding conservation actions and the adoption of appropriate future management [].
Among species that will be exposed to the largest risk of negative impacts of climate changes in the
European area, there is Velvet Scoter, one of the typical species that breed in the Arctic area. However,
in the context of the area under research, the expected effects of climate change on this species are
related to habitat shifting and alteration and ecosystem degradation because all wetland habitats belonging to the Pannonian biogeographic region existing
in the northern part of Serbia will undergo considerable changes due to significant increase in average
temperature (see Fig. 2). The similar outcomes are
expected in relation to the Lesser White-fronted
Goose (in Serbia it has occurrence status as nonbreading and passage) because climate change may
have an important effect on available food and loss
of suitable sites for that species. Having in mind that
the breeding cycle of Long-tailed Duck Clangula hyemalis is also related to the area of Scandinavia, it
can be expected that the projected climate change
will cause the disturbances in phenology and food
chain of this species, indirectly affecting the size of
the population in this area [31, 32]. Some threats
from climate change for the Red-breasted Goose
Branta ruficollis that has non-breeding status in the
territory of Serbia are recognized in the context of
outcomes that will represent vulnerability in the
larger area of its migratory flyway within the Eurasian territory. Finally, for species such as Aquatic
Warbler Acrocephalus paludicola with occurrence
type recognized as only passage in the territory of
Serbia, it is certain that a wider range of factors will
influence its vulnerability, like habitat loss caused by
land-use changes, but may furthermore be especially
vulnerable to the effects of climate change [33].
To protect biological diversity in the long term,
nature conservationists must include potential climate change impacts in their management decisions.
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In the context of overcoming the negative impacts of
climate change on avifauna, we can use IBAs as
unique refugia that enable flexible adaptations to
ecosystems and vulnerable species in relation to direct and indirect influences caused by climate
changes. If species approaching their climatic limits
cannot adapt to the new climate and cannot be maintained in their present locations by management activities and regimes, they will only survive if they
move into new areas where the climate is suitable.
Thus, facilitating species dispersal is a valuable
means of helping species to adapt to climate change.
The organization of the system of environmental protection and the adequate management mechanism is of the extraordinary importance for the complex protection of biodiversity. If we have intention
to minimize the impacts of climate change on biodiversity, we need to develop dynamic approaches to
conservation planning that integrate the different
levels of vulnerability, rates, and spatial patterns of
shifting biodiversity and the full spectrum of reserve
and non-reserve preservation tactics [34].
According to the official database of Institute
for Nature Conservation of Serbia [23], the protected
areas in Serbia cover 6,624 km2 RURILWVWRWDO
VXUIDFH $PRQJ WKHP WKHUH DUH DOVR  VLWHV SUR
tected according to the provisions of the Ramsar
Convention on Wetlands. The protected areas in Serbia belong also to the EMERALD ecological network of Serbia that includes 61 sites on the total surIDFHRIKD  >23]. Based on the
data on the current status of nature protected areas in
6HUELDLWLVHVWDEOLVKHGWKDWHYHQRI,%$VRI
international importance do not belong to any type
of national protected areas (i.e. National Park, Nature Park, Special Nature Reserve, etc.).
Even though, based on their geographic distribution and ecological importance, IBAs form unique
functional ecological network, especially for migratory species and species of passage type, it is necessary to introduce the adequate protection measures
in accordance with the national environmental protection law, which will contribute in the mitigation
of outcomes of climate change. IBAs, particularly
unprotected ones, are coming under increasing pressure from a wide range of human activities, leading
to the deterioration and conversion of natural habitats, reduction in the population size of trigger species and loss of ecological integrity and ecosystem
services of IBAs [35].
In line with the fact that most birds in Serbia
are migratory (even 259 species out of total number
of 311), the national system of nature protection
should not be analyzed separately from the existing
international practice, especially in the area of Europe1DPHO\RIWHUrestrial IBAs in the EU are
completely or partially covered by SPAs (Special
3URWHFWLRQ$UHDV DQGRIWKH,%$QHWZRUNDUHD
is covered by SPAs [18]. Designation of new or expanded QHWZRUNVRISURWHFWHGDUHDV LH1DWXUH
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and Emerald) would substantially increase areas under protection regimes as migration corridors for
various ecosystems and threatened species as a response to climate changes [36, 37, 38]. A modeling
of Important Bird Areas (not all of which are protected) in Africa, Europe, and Asia shows that almost
all species are projected to have some suitable climate space within the network of IBAs in the future,
even if some IBAs become unsuitable for individual
species [39].
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will be more precise and reliable. At the same time,
the future studies should cover broader area of
Southeast Europe in order to improve the results in
the field of protection of birds and their habitats in
accordance with the anticipated trends of climate
changes.
In order to mitigate the potential negative or unpredictable effects of climate change on avifauna,
but also on other species included in their food chain,
it is necessary to establish the effective network of
protected areas that would also include these IBAs.
Thanks to the synchronized and flexible management measures, the negative impacts can be mitigated and the understanding of the likely effects of
future climate on biodiversity can be improved.

CONCLUSIONS
Physical, ecological and anthropogenic processes should be considered in their complex interrelations because the increasing climatic effects
might alter functioning of ecosystems and their resilience. The climate change represents only one of the
threats to the richness and ecological stability of avifauna, due to the fact that, together with these influences, the following factors are also active: biological invasions, physical and chemical pollution of water, air and soil, habitat conversion as a result of the
change of the intended use of the site, etc.
In order to address the aim of this paper, our
analysis included the identification of areas of Serbian IBAs that will be under the highest impact of
the direct and indirect outcomes of climate change,
as well as species-specific analyses. The research
goes beyond the level of national significance since
geographic position of Serbia within the territory of
Southeast Europe predisposes numerous bird migratory routes that are of intercontinental importance.
Firstly, the sites dominated by wetland and swamp
ecosystems distributed in the areas with the lowest
current and projected precipitation are identified as
the most threatened. In addition, using the speciesspecific approach to the globally threatened species,
it was established that the climate change will not
have the equal impact on all recognized species. The
most drastic changes are to be expected with a species that is already now only present on one IBAs in
Serbia (that is now in status of IBA in danger) and
ZLWKSRSXODWLRQHVWLPDWHRIPLQLQGLYLGXDOVOLNH
Great Bustard. According to the global trend in fluctuations of its distribution range, the expected effects
on its population in Serbia are not optimistic. As a
general observation, according to the available data
on population trends of trigger species, it can be concluded that climate changes will not have a radical
effect on their populations. However, due to the lack
of continuous monitoring of population size for the
species observed, especially in synergy with other
anthropogenic factors affecting their size, the available data are a limiting factor. Also an important limitation for such researches in Serbia is the lack of
certain bioclimatic data (for example, soil water capacity and evapotranspiration). After overcoming
these limitations, the results of further researches
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BACTERIA FROM MILK AND FERMENTED MILK
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THEIR ANTIMICROBIAL EFFECTS
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ABSTRACT

INTRODUCTION

Lactic acid bacteria (LAB) produce some
substances that have got antimicrobial activity, such
as bacteriocin. They have the potential to be used as
an inhibitor against pathogenic microorganisms
both in food production and the health sector
because they are safe and natural. In this study, 28
LAB were isolated from 15 different milk and
fermented milk products (cheese, yogurt) in
Afyonkarahisar province. 16S rDNA PCR analyzes
were performed for molecular identifications of
these isolates. According to 16S rDNA sequence
analysis of LAB isolates from milk samples were
identifed as Lactobacillus fermentum, Lactococcus
lactis, Enterococcus faecium. LAB isolates from
cheese samples were identifed as Lactobacillus
plantarum, Lactobacillus fermentum, Lactobacillus
casei, Lactobacillus curvatus, Lactobacillus
helveticus, Lactobacillus rhamnosus, Lactococcus
lactis, Enterococcus faecalis, Enterococcus
faecium. LAB isolates of yogurt samples were
identifed as Lactococcus lactis ve Lactococcus
garvieae, Enterococcus durans, Lactobacillus
fermentum. Agar spot and agar-well diffusion assay
method were used to determine the antimicrobial
activity of the LAB isolates. LAB of the isolates
showed antimicrobial activity at different levels on
the tested pathogenic microorganisms. LAB isolates
showed higher antimicrobial activity on Klebsiella
pneumoniae
NRRLB
4420,
Pseudomonas
aeruginosa ATCC 11778, Listeria monocytogenes
ATCC 1911 than Staphylococcus aureus ATCC
25923, Streptococcus faecalis. Also, LAB isolates
have lowest antimicrobial effect on E. coli ATCC
35218 and Bacillus subtilis NRS-744.

Microbial spoilage of food products causes
high economic losses and various diseases on living
organisms. Therefore the protection of foods from
microbial pathogens and deterioration factors drew
further attention. Low temperature or heat
treatment, packaging methods, preservative
chemical additives, salt and sugar are used in food
preservation. The use of these additives causes
adverse effects on living organisms. Therefore there
is an increasing demand for natural products that
meet the high quality standards and safety derived
from safer and healthier technologies such as the
use of biologically degradable materials in
biological packaging [1-5]. In recent years, scientists have focused on the search for alternative natural preservatives that can replace chemical preservatives. Especially, lactic acid bacteria (LAB),
which are GRAS (generally safe) status and produce antimicrobial compounds have been the focus
of researchers [6-10]. Their bacteriocins can
potentially used to control the growth of spoilage
and pathogenic microorganisms. Lactic acid
bacteria (LAB) are a group of gram positive, nonsporulating, anaerobic or facultative aerobic, cocci
or rods. They produce lactic acid as one of the main
fermentation products of the metabolism of carbohydrates [11-12]. LABs demonstrate many antimicrobial activities in fermented foods and produce a
wide variety of antimicrobial substances including
hydrogen peroxide, organic acids and diacetyl, and
bacteriocins or bactericidal proteins during lactic
acid fermentations [11-13]. In many recent studies,
bacteriocins have been purified and identified for
implementation in food technology, treat pathogen
disease and cancer therapy [14-20]. Bacteriocins
and bacteriocin-like substances may become a
potential drug candidate for replacing antibiotics in
order to treat pathogen microorganism [21, 22].
The aim of this study is to isolate and
identificate lactic acid bacteria from milk and
fermented milk products in Afyonkarahisar province and evaluate their antimicrobial properties.

KEYWORDS:
Antimicrobial Activity, Identification,
Bacteria, Milk, Fermented Milk Product
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Identification of Lactic Acid Bacteria by
16S rDNA PCR (Polymerase Chain Reaction)
Method. 7DT '1$ 3RO\PHUDVH .LW +HOL[ $PS
TM, 11796828001) was used to identify LAB
isolates by 16S rDNA method. For PCR; The gene
region was amplified by PCR (Blue Ray Biotech
Turbo Cyler) using primers 20F (5'-AGA GTT
TGA TCC TGG CTC AG-3 ') and 1390R (5'-GAC
GGG CGG TGT GTA CAA-3'). Marker
(Fermentas Gene Ruler TM) was used for base size
determination. PCR conditions used to amplify the
desired gene region was programmed as; Predenaturation at 94 ºC for 5 minutes, 30 sec
denaturation at 94 ºC, 30 sec binding at 55 ºC and
35-cycle amplification of 1 minute 30 seconds
elongation at 72 ºC and 15 minutes final elongation
at 72 ºC. The amplified products were visualized on
1% agarose gel by using gel visualization system
4XDQWXP *HO 9LVXDOL]DWLRQ 6\VWHP  6HTXHQFH
analyses were SHUIRUPHGE\$OWÕJHQ%LR&RPSDQ\
ø]PLU7XUNH\  XVLQJ $%,;/ DXWRPDWLF
sequence analyzer based on Sanger dideoxy
sequence method. The sequence analysis results of
the samples were compared using the Nucleotidenucleotide BLAST (blastn) program at Gen Bank
(www.ncbi.nlm.nih.gov) and their homologies in
the gene bank were determined for each isolate.

MATERIALS AND METHODS
Isolation and Purification of Lactic Acid
Bacteria. In this study, 15 different off-brand milk
(5 samples) and fermented milk product samples
(cheese (5 samples) and yoghurt (5 samples)),
preferably produced by natural methods, sold in
Afyonkarahisar province were prepared aseptic
conditions. In order to isolate lactic acid bacteria in
the samples, 10 ml of each milk sample and 10 gr
of each cheese and yoghurt sample was
homogenized in 90 ml dilution liquid (0.85% NaCl,
0.1% peptone). Sequential 1/10 dilutions were
prepared for each sample. 0.1 ml from 10-4 and 10-5
dilutions for every sample were inoculated on M17
agar (pH 7.2 ± 0.2), Man Rogosa and Sharpe
(MRS) agar (pH 5.7 ± 0.2), Nutrient agar (NA) (pH
7.0 ± 0.2) and .DQDP\FLQ DHVFXOLQ D]LGH DJDU
medium (pH 7.0 ± 0.2) in order to isolate
Lactococcus, Lactobacillus, Enterococcus. They
were incubated at 37 ºC for 48 hours in both
aerobic and anaerobic conditions. Anaerobic jar
was used for incubation in oxygen-free
environment. Merck Microbiologia Anaerocult A
(1.13829.0001) was used to provide an oxygen-free
environment. Test indicator (Merck Microbiology
Anaerotest 1.15112.0001) was used to make sure
that the environment was oxygen-free. Priority was
given to colonies with the following morphology:
cream-colored, matte smooth-edged colonies were
selected as lactobacilli, bright colonies with white
smooth edges were selected as lactococci and small,
white or pale-colored colonies with smooth edges
were selected as enterococci [23]. Also, black zone
IRUPLQJFRORQLHVRQWKH.DQDP\FLQ$HVFXOLQ$]LGH
agar were selected as enterococci. Selected isolates
were passaged to MRS medium and pure isolates
were obtained. Microscopic appearance, gram
reaction and catalase activities of these isolates
were analyzed. In order to determine catalase
enzyme activity, the isolates were placed on a clean
slide and 3% of H2O2 solution was dropped on
them. The formation of gas bubbles was considered
positive result in terms of the catalase test [24].

Determination of Antibacterial Properties
of Lactic Acid Bacteria. Antibacterial activity
spectra of lactic acid bacteria isolates were
determined by agar spot test and agar well diffusion
test. Listeria monocytogenes ATCC 1911,
Staphylococcus aureus ATCC 25923, Klebsiella
pneumoniae
NRRLB
4420,
Pseudomonas
aeruginosa ATCC 11778, Streptococcus faecalis,
Escherichia coli ATCC 35218 and Bacillus subtilis
NRS-744 were used as test microorganisms.
Agar Spot Test. LAB isolates were cultured
on MRS liquid medium (Oxoid CM0359) and
incubated at 37 ºC for 24 hours for agar spot test.
7KHQȝORIHDFKLVRODWHZDVLQRFXODWHGGURSZLVH
on MRS agar medium and these plates incubated at
37 ºC for 24 hours. The test microorganisms
maintained in our culture collection (Listeria
monocytogenes ATCC 1911, Escherichia coli
ATCC 35218, Bacillus subtilis NRS-744,
Staphylococcus aureus ATCC 25923, Klebsiella
pneumoniae
NRRLB
4420,
Pseudomonas
aeruginosa ATCC 11778, Streptococcus faecalis)
were incubated on Nutrient broth medium at 37 ºC
for 24 hours. After incubation, 0.5 ml of liquid
cultures of indicator test microorganisms was
inoculated inside 5 ml of soft agar prepared with
0.5% agar and poured onto the surface of the petris
and left to incubate at 37 ºC for 24 hours [25] and
their zone diameters were measured and evaluated
by being compared with the positive control group.

Genomic DNA Isolation from Lactic Acid
Bacteria. +LJK3XUH3&57HPSODWH3UHSDUDWLRQ.LW
(Roche) was used in order to isolate genomic DNA
of lactic acid bacteria. The integrity of the obtained
genomic DNAs was performed by agarose-gel
electrophoresis,
their
purity
check
and
quantification was performed with Thermo
Scientific-Nanodrop 2000c device spectrophotometrically. The final concentrations of the isolated
'1$V ZHUH VWDQGDUGL]HG WR  QJ DW  ȝO
Qualitative determination of DNA samples was
made by using absorbance values measured at
A260 and A280 nm. DNAs with a A260 / A280
ratio of 1.8 to 2 were considered usable.
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Agar spot test results were evaluated as; +<0.5 cm,
0.5 cm<++<1 cm, 1.5 cm<+++<2.
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such as low temperature, organic acid and
detergents [32-33].
In this study, 45 pure cultures were isolated
from 15 different traditional milk and fermented
milk products that were sold in Afyonkarahisar
province. Microscopic appearance, gram reaction
and catalase activities of these isolates were
analyzed. 28 isolates which were found to be gram
(+) and catalase (-) were identificated by using 16S
rDNA PCR method. These isolates were found to
be able to reproduce easily in aerobic and anaerobic
environments. Therefore, in the other steps of the
study, aerobic condition was preferred for the
producing bacteria. Nucleotide sequence analysis
results of PCR products were compared using the
Nucleotide-nucleotide BLAST program at Gen
Bank (www.ncbi.nlm.nih.gov) and homologies in
the gene bank were determined for each isolate. As
a result of the comparison, the homologies between
the isolates and the other species in the database are
shown in Table 1. According to the results of 16S
rDNA sequence analysis of the isolates, 7 LAB
isolates (S1-S7) from milk samples were identifed
as Lactobacillus fermentum (2 isolates),
Lactococcus lactis (1 isolates), Enterococcus
faecium (4 isolates). 16 LAB isolates (P1-P16) of
cheese were identifed as Lactobacillus plantarum
(4 isolates), Lactobacillus fermentum (1 isolates),
Lactobacillus casei (1 isolates), Lactobacillus
curvatus (1 isolates), Lactobacillus helveticus (1
isolates), Lactobacillus rhamnosus (1 isolates),
Lactococcus lactis (5 isolates), Enterococcus
faecalis (1 isolates), Enterococcus faecium (1
isolates). Also, 5 LAB isolates (Y1-Y5) of yogurt
samples were identifed as Lactococcus lactis (2
isolates), Lactococcus garvieae (1 isolates),
Enterococcus durans (1 isolates), Lactobacillus
fermentum (1 isolates).
Our findings that obtained from this study
have similarity to some of the previous studies [18,
 @ øúOH\LFL DQG $N\]   LVRODWHG /$%
from 25 herby cheese samples sold in markets.
They were identificated as Enterococcus,
Lactococcus,
Lactobacillus,
Leuconostoc,
Pediococcus genus [35]. In another study,
.HUPDQVKDVL DQG 3H\PDQIDU   Lactobacillus
buchneri, Lactobacillus brevis, Lactobacillus kefiri
isolated and identificated by 16Sr DNA gene sequences from cheese, yoghurt and silage. They
were effective against isolated Escherichia. coli and
could produce biosurfactants [36]. Wassie and
Wassie (2016), 83 LAB isolated from raw milk
samples and identificated as Lactobacillus
(26.51%), Lactococcus (21.69%), Leuconostocs
(18.07%), Streptococcus (9.64%), Pediococcus
(12.05%) and Entrococcus (9.64%) genus [37].
Amirbozorgi et al. (2016), isolated LAB from dairy
products and identified as Lactococcus lactis
helveticus and Lactobacillus brevis by 16S rRNA
analyses [38]. Wang et al. (2016), isolated and

Agar Well Diffusion Test. For agar well
diffusion test, each of the LAB isolates were
inoculated in 10 ml of MRS liquid media and
incubated at 37 ºC for 24 hours. Then the liquid
cultures were centrifuged at 8000 rpm for 10
minuWHV DWÛ& . Following centrifugation process,
the culture supernatants were transferred to sterile,
new falcon tubes and adjusted to pH: 6.0 using 1 M
NaOH/HCl to eliminate acid inhibition. The
obtained supernatants were drawn with sterile
syringes, filtHUHG WKURXJK D  ȝP SRUH GLDPHWHU
sterile membrane filter (GUS 7041361), and the
filtrates (CFS, cell-free supernatant) were collected
in sterile test tubes. Indicator test microorganisms
used to determine the antimicrobial effect spectra
were planted in Nutrient broth medium and
incubated at 37 ºC for 24 hours. Suspensions
equivalent to turbidity of 0.5 McFarland were
prepared in sterile distilled water from these
bacterial cultures. Each indicator bacterial strain
was planted into NA medium using sterile swab. 6
mm diameter wells were drilled into the plates
containing agar medium using sterile agar drill. 100
ȝO RI WKH VXSHUQDWDQWV SUHYLRXVO\ REWDLQHG IURP
lactic acid bacteria isolates (Cell free supernatant)
were placed into the prepared wells. After plates
were incubated at 37 ºC for 24 hours, their zone
diameters were measured and evaluated by being
compared with the control group [26].

RESULTS AND DISCUSSION
In spite of modern improvements in food
production techniques, food safety is still an
important aspect of public health. There is a
worldwide trend to explore new alternatives to
control foodborne diseases, giving priority to
methods that reduce disease incidence and avoid
negative and side effects on human health and find
new antimicrobial alternatives. Western society is
experiencing a trend of ‘‘green” consumerism,
desiring fewer synthetic additives in foods together
with their increased safety, quality and shelf-life
[27]. Some microorganisms such as LABs have the
ability to produce antimicrobial components that
can be used safely in food for many years [9-11].
Some LAB strains ribosomally synthesize
antimicrobial peptides, or bacteriocins, targeted to
inhibit other Gram-positive bacteria [28-29]. Even
though antimicrobial peptides occupy an inhibition
spectrum narrower than that of antibiotics [30-31],
bacteriocins produced by LAB have been reported
to permeate the outer membrane of Gram-negative
bacteria and to induce the inactivation of Gramnegative bacteria in conjunction with other
enhancing antimicrobial environmental factors,
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identificated of LABs from traditional dairy
products in Baotou and Bayannur of Mongolia.
LABs identificated as Lactococcus lactis subsp.
lactis (32.18%), Lactobacillus plantarum (12.38%),
Leuconosto mesenteroides (11.39%) by qPCR. This
study showed that the composition and diversity of
LAB existing in fermented cow milk, huruud and
urum, which could be considered as valuable resources for LAB isolation and further probiotic
selection [34]. Luiz ve et al. (2017), isolated LABs
from Brazilian Minas artisanal cheese. LAB
isolated identified as Lactobacillus, Enterococcus,
Pediococcus and Lactococcus genus. Also, Enterococcus rivorum was identified in one sample [39].
Smilar to our study, Qian et al. (2018), isolated
LAB from yogurt samples, identified the isolates as
Lactobacillus plantarum YS2 by comparing 16S

Fresenius Environmental Bulletin

rDNA gene sequences and determined their probiotic properties [20].
Antibacterial activity spectra of lactic acid
bacteria isolates were determined using two
different methods agar spot test and agar well
diffusion test. Agar spot test results are shown in
Table 2. The diameters of the inhibition zones were
evaluated as +<0,5 cm, 0,5 cm<++<1 cm, 1,5
cm<+++<2 by being compared with the positive
control group. According to agar spot test results;
LAB isolates obtained had similar effects with
amikacin antibiotic which was used as control
group, on, K. pneumoniae NRRLB 4420, P.
aeruginosa ATCC 11778, L. monocytogenes ATCC
1911, S. aureus ATCC 25923, S. faecalis,
respectively. They had lower antimicrobial effect
on microorganisms E. coli ATCC 35218 and B.
subtilis NRS-744.

TABLE 1
16S rRNA analysis results of LAB isolates
LAB isolates
P1

Species (16S rRNA Analysis)
(%) Identity
Lactobacillus
plantarum
strain
CAU8958
(Sequence
%99
ID: MF424671.1)
P2
Enterococcus faecium strain CAU10244 (Sequence ID: MF429017.1)
%99
P3
Lactobacillus curvatus strain 1TP06-BL06 (Sequence ID:
%99
MG031211.1)
Lactobacillus
plantarum
strain
CAU5103
(Sequence
P4
%99
ID: MF424161.1)
P5
Lactococcus lactis subsp. lactis strain IMAU11239 (YM16-1)
%100
(Sequence ID: .3)
Lactobacillus
helveticus
strain
bcpca-qj-10
(Sequence
P6
%92
ID: .;)
%100
P7
Lactococcus lactis strain CAU9899 (Sequence ID: MF098112.1)
Lactobacillus rhamnosus strain R19B (Sequence ID: MG685875.1)
%99
P8
P9
Lactococcus lactis subsp. lactis strain CAU9932 (Sequence ID:
%98
MF098094.1)
Lactobacillus plantarum strain Lb17 (Sequence ID: MG825687.1)
%100
P10
%99
P11
Lactobacillus plantarum strain Lb32 (Sequence ID: MG825720.1)
P12
Lactobacillus casei strain SYB-H (Sequence ID: .<)
%99
P13
Lactobacillus fermentum strain CAU6507 (Sequence ID:
%99
MF424168.1)
%99
P14
Enterococcus faecalis strain E (Sequence ID: .0)
P15
Lactococcus lactis strain CAU9951 (Sequence ID: MF098133.1)
%91
%99
P16
Lactococcus lactis strain CAU9374 (Sequence ID: MF582953.1)
S1
Lactobacillus
fermentum
strain
CAU9954
(Sequence
%100
ID: MF098130.1)
%99
S2
Enterococcus faecium strain BL11-6 (Sequence ID: MF784165.1)
%100
S3
Enterococcus faecium strain BL2-16 (Sequence ID: MF784117.1)
S4
Lactobacillus
fermentum
strain
CAU1968
(Sequence
%100
ID: MF428872.1)
S5
Lactococcus lactis subsp. lactis strain Lc5 (Sequence ID:
%99
MG825736.1)
%99
S6
Enterococcus faecium strain BL11-6 (Sequence ID: MF784165.1)
%99
S7
Enterococcus faecium strain CAU2899 (Sequence ID: MF429602.1)
Y1
Lactobacillus fermentum strain CAU9902 (Sequence ID:
%98
MF098114.1)
Y2
Lactococcus lactis strain CAU9374 (Sequence ID: MF582953.1)
%99
Y3
Lactococcus lactis strain CAU9374 (Sequence ID: MF582953.1)
%99
%99
Y4
Lactococcus garvieae strain CAU6586 (Sequence ID: MF108375.1)
Y5
Enterococcus durans strain GML-7 (Sequence ID: MF975715.1)
%99
P1-P16 (LAB isolates of cheese samples, S1-S7 (LAB isolates of milk samples), Y1-Y5 (LAB isolates of yogurt samples)
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+++
P1
+++
P2
P3
+++
+++
P4
P5
+++
++
P6
P7
+++
+++
P8
P9
+++
+++
P10
P11
+++
+++
P12
P13
+++
+++
P14
P15
+++
+++
P16
S1
+++
+++
S2
S3
+++
+++
S4
S5
+++
+++
S6
S7
+++
+++
Y1
Y2
+++
+++
Y3
Y4
+++
+++
Y5
Positive control
+++
(10 μg amikacin)
+<0.5 cm, 0.5 cm<++<1 cm, 1.5 cm<+++<2

S. faecalis

P. aeruginosa ATCC
11778

K.
pneumoniae
NRRLB 4420

ATCC
S. aureus
25923

B. subtilis NRS-744

E. coli ATCC 35218

LAB isolates

L.
monocytogenes
ATCC 1911

TABLE 2
Inhibition effect of LAB isolates on the pathogen test bacteria
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+++
+++
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+++
+++
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+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++
+++

+++
+++
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+++
+++
+++
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+++
+++
+++
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+++
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+++
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+++
+++
+++
+++
+++
+++
+++
+++
+++
++

+++

+++

+++

+++

+++

+++

øúOHUR÷OXHWDO  isolated bacterium with
antimicrobial activity from the local cheese sample.
They found that isolated bacterium was Enterococcus faecalis by fatty acid profile tests and carbohydrate fermentation. Enterococcus faecalis showed
antimicrobial effects on Lactobacillus plantarum,
Enterococcus faecalis, Enterococcus faecium ve
Listeria monocytogenes but didn’t show
antimicrobial effect on Escherichia coli,
Staphylococcus aureus and Bacillus cereus [40]. In
DQRWKHU VWXG\ %D\UDP DQG <ÕOGÕUÕP  
bacterium isolated from a traditional cheese and the
inhibitory compound produced by this bacteria
were characterized. The isolated bacterium was
identified as Enterococcus faecium BP by using
general microbiological analysis, carbohydrate
fermentation and fatty acid profile identification
test systems. The antimicrobial compound has
inhibitor
activity
against
Lactobacillus,
Lactococcus,
Leuconostoc,
Staphylococcus,
Listeria, Bacillus, Campylobacter and Citrobacter
species tested [41].

In order to to determine the antimicrobial
effect of isolates, agar well diffusion test was also
applied. The zone diameters measured for the
results of the antimicrobial effects of lactic acid
bacteria isolates on indicator bacteria are shown in
Table 3. Isolates showed different antimicrobial
effect on pathogenic test bacteria. High
antimicrobial activity was determined against K.
pneumoniae NRRLB 4420, P. aeruginosa ATCC
11778, L. monocytogenes ATCC 1911, in
particular.

CONCLUSIONS
In conclusion, 28 LABs were isolated from 15
different milk and fermented milk products sold in
Afyonkarahisar province. Molecular identifications
of these isolates were performed using 16S rDNA
PCR method. Lactobacillus plantarum among the
species identified belonging to the genus
Lactobacillus from the obtained LABs, Lactococcus
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S. aureus
25923

K.
pneumoniae
NRRLB 4420

P. aeruginosa ATCC
11778

S. faecalis

Mean±SD
20±0.8
18±0.6
21±0.6
21±0.5
19±0.4
15±0.3
17±0.4
15±0.3
19±0.5
21±0.8
20±0.5
18±0.4
17±0.5
15±0.5
18±0.5
18±0.5
17±0.4
19±0.6
18±0.5
17±0.4
19±0.5
18±0.5
20±0.5
17±0.3
17±0.4
18±0.5
16±0.4
20±0.7
20±0.7

Mean±SD
7±0.5
15±0.5
11±0.4
8±0.4
12±0.5
12±0.4
12±0.5
20±0.7
11±0.4
7±0.3
8±0.3
12±0.4
9±0.4
8±0.3
12±0.3
12±0.3
8±0.2
13±0.4
14±0.4
9±0.3
12±0.5
14±0.5
15±0.5
9±0.3
12±0.5
13±0.5
14±0.5
16±0.5
21±0.7

Mean±SD
11±0.4
10±0.4
9±0.3
11±0.4
10±0.4
19±0.5
10±0.4
14±0.5
10±0.4
11±0.5
11±0.5
7±0.3
10±0.5
10±0.4
11±0.5
10±0.5
10±0.5
10±0.4
10±0.5
10±0.5
9±0.3
10±0.4
10±0.5
10±0.5
10±0.4
10±0.5
20±0.6
14±0.5
22±0.6

Mean±SD
12±0.4
14±0.5
12±0.3
12±0.4
14±0.5
14±0.5
16±0.4
17±0.5
15±0.4
12±0.3
12±0.5
14±0.5
12±0.3
11±0.3
14±0.5
14±0.5
12±0.3
14±0.5
15±0.5
12±0.5
14±0.5
14±0.5
14±0.4
12±0.5
14±0.5
14±0.4
15±0.5
18±0.6
20±0.6

Mean±SD
20±0.6
23±0.5
22±0.5
20±0.7
21±0.7
18±0.5
21±0.6
16±0.4
20±0.6
20±0.5
20±0.5
18±0.4
20±0.5
24±0.6
20±0.5
20±0.5
21±0.4
22±0.5
22±0.5
20±0.5
21±0.5
22±0.6
22±0.7
20±0.5
20±0.6
20±0.5
15±0.3
17±0.4
24±0.7

Mean±SD
19±0.4
19±0.5
23±0.5
19±0.4
22±0.5
25±0.5
22±0.4
24±0.6
22±0.5
18±0.4
20±0.7
22±0.6
18±0.4
18±0.5
22±0.6
22±0.7
18±0.5
19±0.5
20±0.5
18±0.4
22±0.6
19±0.5
18±0.5
18±0.5
22±0.6
22±0.6
17±0.4
24±0.5
20±0.6

Mean±SD
19±0.4
15±0.5
13±0.3
19±0.5
14±0.3
21±0.6
14±0.4
18±0.5
14±0.3
19±0.6
19±0.5
18±0.6
15±0.5
16±0.5
14±0.5
14±0.4
15±0.5
16±0.7
16±0.5
15±0.4
14±0.4
16±0.5
16±0.5
15±0.4
14±0.6
14±0.5
15±0.5
12±0.3
20±0.7

ATCC

B. subtilis NRS-744

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
S1
S2
S3
S4
S5
S6
S7
Y1
Y2
Y3
Y4
Y5
Positive
control (10
μg
amikacin)

E. coli ATCC 35218

LAB
Isolates

L.
monocytogenes
ATCC 1911

TABLE 3
Agar well diffusion results of antimicrobial effects of LAB isolates on pathogen test bacteria (mm)

lactis among the species identified belonging to the
genus Locatococcus and Enterococcus faecium
among the species identified belonging to the genus
Enterococcus were detected. Agar spot and agar
well diffusion tests were used in order to find the
antimicrobial activities of isolates. LAB isolates
showed higher antimicrobial effect on K.
pneumoniae NRRLB 4420, P. aeruginosa ATCC
11778, L. monocytogenes ATCC 1911 than S.
aureus ATCC 25923, S. faecalis. They were found
to have lower level of antimicrobial effect on E.
coli ATCC 35218 and B. subtilis NRS-744
microorganisms. This fact showed that LAB
isolates can produce agent or agents with
antimicrobial effect. Further studies must be
devoted to isolating bacteriocin and/or bacteriocinlike agents the isolated LABs have produced and
characterizing them by purification. Thus, it is
thought that these antimicrobial compounds

produced by LABs can potentially be used in both
food and health sector, biotechnologic studies.
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IN VITRO MICROPROPAGATION OF CRATAEGUS ARONIA
L. AND FACTORS AFFECTING THE ROOTING OF
MICROSHOOTS
Nevzat Sevgin*
University of Sirnak, Faculty of Agricultural Sciences, 73300 Idil, Sirnak Turkey

America), at different temperature zones of the
world [2, 3, 4]. The hawthorn tree typically grows as
a small or big tree up to 8 m height. Fruits are eggshaped or spherical containing 1 or rarely 2 stone
seeds [5]. Turkey has 17 species of the genus Crataegus. The most common species of hawthorn in
Turkey are Crataegus monogyna, the Crataegus orientalis, Crataegus oxyacantha and Crataegus aronia [6, 7, 8].
Crateagus leaves, fruits and flowers are rich in
antioxidants and polyphenolics [9]; thus, they are
used as herbal medicine in the treatment of congestive heart disease [10]. The hawthorn is also used to
control hypertension [11], increase coronary blood
flow and protect against arrhythmias [12]. The
chemical compounds and antioxidants are the most
important properties of fruits and leaves. Many of
the phenolics commonly found in fruits and vegetables of hawthorns have relatively strong antioxidant,
anti-inflammatory and anti-proliferative capacities
[13, 14].
Hawthorns are important feed source of animals in hard conditions of winter months in addition
to an important source of nectar for bees. The hawthorn plants grow in lands where other plants may
not be able to grow [15]. The hawthorn fruits also
contain relatively high amounts of minerals such as
calcium, phosphorus, potassium, magnesium and
iron. Hawthorn is also used for landscape and
hedgerow in many countries. The plant provides
shelter especially in winter conditions for many invertebrate species within a farmland [16].
Hawthorn seeds need long-term chilling to germinate, therefore the seeds can survive under low
humidity conditions for many years. The seeds can
be dried up to the low moisture content (8–10%)
without losing their viability [5]. Propagation of
hawthorn plant is generally carried out using the
seeds, however, the germination rate of the hawthorn
seed is low due to the hard cover of the seeds and
immature embryo in the seeds. The true seed ratio,
seeds containing embryos, of Crataegus aronia L.
ranges between 10 and 60% [17]. Clonal propagation
is preferred in multiplication of superior genotype
plants, however, there is not enough information on
clonal propagation of the Hawthorn by grafting or
cuttings. Micropropagation, introduced an alterna-

ABSTRACT
Crateagus aronia L. (Hawthorn) is known an
important medicinal plant in the world, though not
commercially cultivated. Hawthorns is consumed as
a fresh fruit or extracted as medicinal purpose worldwide, therefore there is an excessive global demand
for the hawthorns fruits. The research on Hawthorns
culture is quite limited, therefore certified varieties
are not available in the market Hawthorns genotypes
with a high quality characteristics are available in
Turkey, they can be recorded and cultivated to meet
the hawthorn fruit demand. This study was aimed to
develop an applicable specific micropropagation
protocol for commercial cultivation of crateagus.
The results revealed that the highest number of
shoots (14.71 units) and shoot length (2.21 cm) per
explant were obtained in a media containing 1 mg /
lBA + 0.01 mg L-1 IBA and 0.01 IBA and 0.5 mg L1
BA, respectively. The best results in rooting of micro shoots (93.33%) were obtained in NRM medium
FRQWDLQLQJȝ0,$$ZKLOHQRURRWLQJoccurred in
medium containing NAA and 2,4- D. Salicylic acid
and Phloroglucinol treatments had no effect on the
rooting of crateagus microshoots. The results concluded that micropropagation, one of the clonal
propagation methods, can successfully be used in the
production of crateagus seedlings and microshoots
of crateagus can be rooted at a promising level.

KEYWORDS:
Crateagus, micropropagation, IAA, IBA, BA

INTRODUCTION
Hawthorn is systematically located under the
genus Crataegus of the Rosaceae family, and commonly known as thorn apple or hawthorn. The fruits
of hawthorn are used in medicine for a long time and
has a potential to be a candidate of horticultural fruit
tree in the future [1]. The economic potential of hawthorn fruit has not been discovered yet. The hawthorn, which is a deciduous plant, has approximately
280 species, especially in the northern hemisphere
(Mediterranean Region, Asia, Europe and Eastern
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tive method in mass propagation of vegetative propagation, enables to produce large number of plants in
a short period [18]. Several protocols have been developed in micropropagation of various plant species
using nodal segments of shoots, foliar explants, protocorm-like bodies, etc. [17, 19, 20]. In addition, species specific protocols have been developed by the
researchers. [21] Developed an in vitro micropropagation protocol fo Maerua oblongifolia (Forrsk.)
which is an important and rare medicinal plant found
in Saudi Arabia.
The information on in vitro micropropagation
of the crateagus is also limited in the literature. The
rooting of microshoots in tissue culture is particularly very difficult. Therefore, this study was conducted to determine the effects of some plant growth
regulators with various culture ingredients on rooting stage of micropropagation of Crataegus sp.
which is superior fruit genotypes candidate for the
future.
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rinsed three times with sterile pure water and soaked
in 20% (v/v) commercial bleach solution (5% sodium hypochlorite) containing 10 drops of Tween80 L-1 for 15 min. The sterilization of cuttings was
completed rinsing four times with sterile distilled
water.
Medium containing 0.01 mg L-1 IBA, 1.0 mg L1
BA, and 30 g L–1 sucrose was added into the culture
medium. After setting the pH of culture medium to
5.5, the medium was solidified using 5.7 g L–1 g agar.
The culture and agar containing medium autoclaved
at 121 °C for 15 min. Nodal explants and individual
shoot tips were cultured in 15×250 mm glass test
tubes containing 15 ml medium. The cultures were
then placed into the climate chamber. The room temperate adjusted to 23-25 ႏ and subjected to a 16/8h (light/dark) photoperiod under cool-white fluorescent light at 80 μmol m–2 s–1 for 4 weeks. The explants were sub-cultured every 4 weeks for a total of
6 times to obtain sufficient microshoots.
Experiment 1: Shoot Proliferation. Nodal
segments of 1 cm long were cultured in flasks containing 80 ml of NRM to determine the number of
shoots that will occur per explant [19]. The medium
supplemented with different BAP doses (0, 0.25, 0.5,
1.0 and 1.5) + 0.01 mg L-1 IBA to determine optimal
composition of shoot proliferation medium. Each
treatment was repeated 3 times, and explants randomly taken from the shoots grown on each medium
were used in the experiment. All cultures were kept
in a culture room at 23 ± 1°C temperature under 16/8
h day/night photoperiods provided by cool white fluorescent tubes. The number of shoots, shoot length,
shoot quality index and leaf chlorosis index were
recorded after a month.

MATERIALS AND METHODS
Plant materials. The dormant cuttings of Hawthorn were used as the plant material of the study.
The cuttings were collected in early growing season
from over 15-year old (Figure 1) plants from Belen
town of Hatay province, Turkey. The cuttings were
sterilized right after the cutting between the nodal
segments.
Explant Sterilization and Culture Establishment. The shoots of Hawthorn cuttings were washed
under tap water for 10 to 15 minutes and kept in ethanol (70% v/v) for 20 s. The cuttings were than

FIGURE 1
Hawthorn genotype used as plant material of the experiment
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Experiment 2: Enhancement of Rooting and
Acclimatization Studies. The NRM medium was
used for the rooting experiment. Four different auxin
doses were used in rooting experiment. Microshoots
FP ZHUHWUDQVIHUUHGWRWKHNRM medium with
different doses of NAA, IBA, IAA, 2,4D (2.5, 5.0,
7.5 and 10.0 μM) and kept for 3 weeks. Rooting hormone application was repeated 2 times with 3 replications (Jar vessels containing 9 shoots) for each
genotype used. The rooting and acclimatization procedure was carried out according to methods explained by [19].
For ex vitro rooting, the microshoots FP 
obtained in NRM medium were transferred to Jiffy
peat after dipping into 1000 ppm IBA solution for 10
s. All cups (shoots) were kept in a culture room.
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RESULTS AND DISCUSSION
Browning caused by phenolic secretion in some
plants affects the success in tissue culture and the explants cannot grow further and usually die. The
browning of media occurs especially in tree species
taken from mature tissues of the woody species [22].
The sterilization procedure was successful in this
study. Microbial contamination and browning of explants have not been observed in the initial stage of
the experiment (Figure 2).
Shoot Proliferation. The effect of BA doses on
the number of shoots and mean shoots per cultured
explant and mean shoot length was statistically significant (P<0.05). The highest mean shoot number
(14.71) was obtained in 1 mg L-1 BA dose, while the
lowest mean shoot number (6.97 number/explant)
was recorded in 0.25 mg L-1 dose (Figure 3). Similarly, <ÕOGÕUÕP[23] indicated that shoot regeneration
of cotyledon nodes for gentian lutfena, an endangered medicinal plant species, was significantly affected by the presence or absence of ABA in the culture medium.

Statistical analysis. Data were analyzed by
variance analysis using SPSS software (version 16).
Mean values were compared using Duncan’s test at
significance level of P<0.05.

FIGURE 2
(A) Surface disinfested Hawthorn cuttings and shoots (B) Multiple microshoots obtained on the
NRM containing 1.0 MgL-1 BA and 0.01 MgL-1 IBA, (C) in vitro rooted microshoots (D) successfully transferred microshoots into ex vitro conditions
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FIGURE 3
Mean number of shoots obtained per explant and mean shoot lengths of hawthorn genotypes
cultured in different BA doses in the NRM medium. Bars represent standard errors, and means with
the same letter are not significantly different.
Cytokine doses also have significant effects on
shoot propagation and shoot elongation. The BA is
the most commonly used cytokines in micropropagation of woody species. The effect of different BA
doses on shoot length was significant (P<0.05) and
the average shoot length (2.21 cm) obtained in 0.25
mg L-1 BA dose was higher than the average value
(0.99 cm) obtained in 1.5 mg L-1 BA dose (Figure 3).
Similar to our findings, Bone et al. [24] reported significant differences in root length, number of roots
per plant, shoot initiation, shoot length, number of
nodes per plant, intermodal length of potato with the
application of various Mentha species extracts to
three different potato varieties. The effect of different auxin doses on the rooting of microshoots was
statistically significant (P<0.05). The best rooting in
auxin species was recorded using IAA for Hawthorn
microshoots in vitro conditions.
The IAA treatment was successful in obtaining
higher number of rooted Hawthorn microshoots. The
best rooting was recorded on media containing IAA
with 67.5%, followed by IBA with 18.33%, respectively (Figure 4). The IBA was used as the preferable
auxin for rooting induction of several Prunus species
[25, 26, 27]. Nas et al. [17] obtained the best rooting
of Hawthorn microshoots in 2. DQG  ȝ0 ,%$

doses. In contrast, the effect of IAA on rooting of
Hawthorn microshoots was better than that of the
IBA. No rooting was recorded on media containing
NAA and 2.4 –D. The best rooting results were obtained on a PHGLDFRQWDLQLQJȝ0,$$ (93.4%)
IROORZHG E\ PHGLD FRQWDLQLQJ ȝ0 ,$$ ZLWK
73.3% rooting rate (Figure 4).
Rooted shoots were transplanted to nonsterile
peat plugs for acclimatization in the greenhouse (22
to 26±3 °C, and uncontrolled relative humidity). The
plants in the pots were irrigated daily with a Hoagland solution for 15 days. The plants were mist
sprayed every 2 h during the first week. After 4-6
weeks, the plants were transferred to pots in the
greenhouse. The survival rate during acclimatization
was 90%.

CONCLUSIONS
Explants were successfully established in the
NRM medium containing 1.0 mg L–1 BA and 0.1 mg
L-1. The shoot proliferation was also at the highest
leaves in the same concentration. IBA did not have a
significant effect on rooting rate until the addition of
IAA. The microshoots were successfully rooted in
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FIGURE 4
Rooting and root lengths produced from microshoots of Hawthorn in vitro conditions.
the NRM medium containing 7.5 μM IAA. Almost
all microshoots transferred to greenhouse survived.
The rooting acclimatization protocol developed in
this study can successfully be used for commercial
micropropagation of Hawthorn. The use of ex vitro
rooting and acclimatization are recommended for future studies.
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IRON CHELATED LYSINE: A PROMISING NUTRIENT
COMPLEX TO IMPROVE WHEAT
(TRITICUM AESTIVUM L.) GROWTH UNDER WATER
DEFICIT ENVIRONMENT
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ABSTRACT
Water deficiency, one of the major consequences of global climate change has threatened the
plant growth and productivity in many parts of the
world. Among different strategies being used to
combat the negative effects of water deficiency on
plants, exogenous application of growth regulators
has emerged an effective shotgun approach. The current study has been conducted to find out whether as
well as upto what extant foliar application of lysine,
iron sulphate and iro-lysine complex is helpful in reducing the negative effects of water deficiency on
wheat. Four levels (0.01, 0.1, 1.0 and10 mM) of
each of mentioned growth regulators along with
control were applied on two wheat genotypes,
FSD=08 and BARS-09 under water deficit environment. The results revealed that foliar application of
plant growth regulators significantly reduced the
negative effects of water deficit on plant growth related attributes, like plant fresh as well as dry matter,
above ground plant height, tiller and leaves. Application of all the three compounds also helped plants
to maintain leaf relative water contents. Foliar supply of iron-lysine complex proved to be more useful
in mitigating negative effects of water deficit on
growth and water relation attributes of wheat than
lysine or iron sulphate. Moreover, application of 10
mM iron-lysine complex showed more positive effects on plant growth and water relation related attribute than all other levels used in the study.

KEYWORDS:
Iron-lysine, Foliar application, Wheat growth, Water relations, Drought

on growth stages of plant and fulfillment of requirements for growth [4]. Scientists have adapted different strategies to minimize the negative effects of water shortage in crop plants. Exogenous supply of
plant growth regulators has gained the attention of
plant scientists as an effective strategy to reduce the
harmful effects of environmental stresses on plants
[5, 6]. Foliar fertilization may additionally improve
fruit size and quality in fruit and crop plants [7, 8].
Amino acids have a crucial role in metabolism
and abiotic stress tolerance of plants. It has been reported that nutrient solution supplemented with chelated amino acids showed increased absorption of
amino acids [9]. Different studies have reported the
beneficial effects of applied amino acids on plants
[10, 11]. Among amino acids, lysine is found to be
an important signaling agent that stimulates growth
and responses of plants to environmental stresses.
Lysine is also involved in important processes, such
as flowering, gamete production, fertilization and
seed development in Arabidopsis [12]. Similarly,
iron sulfate has been tested and reported as a foliar
fertilizer in several plants such as kiwi [13], peach
[14], citrus and grape vine [5].
Considering, the damaging effects of water deficiency on plants and the role of amino acids and
iron in reducing the negative effects of drought, the
present work has been planned to explore the impact
of exogenous application of lysine, iron sulfate and
iron-lysine complex on wheat grown under water
deficit. The objective of the study is to find out the
level at which the applied lysine or iron sulfate may
be more beneficial for wheat growth under water
limited environment.

MATERIALS AND METHODS
INTRODUCTION
Water deficit, one of main constraints for plant
productivity affects plant growth by altering many
biochemical and physiological processes [1, 2, 3].
The susceptibility of crops to water stress depends

Seed Material. The field experiment was completed at Wheat Research Institute (AARI), Faisalabad. The seeds of two wheat cultivars, FSD-08 and
BARS-09 were obtained from the germplasm maintained at Wheat Research Institute (AARI), Faisalabad.
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Water Deficit Treatments. Two water deficit
treatments were applied as under.

The data was analyzed statistically using CoStat
Computer program (Snedecor& Cochran, 1980).

Normal irrigation (control). Total three irrigations were applied.

RESULTS

Water stress. No irrigation throughout crop
growth period.
Foliar application. Four levels (0.01, 0.1, 1.0
and 10 mM) of L-Lysine, FeSO4 and Iron lysine
complex were applied as foliar spray at jointing and
booting stages of wheat growth. The control plants
did not receive any foliar application of above mentioned chemicals. Tween-20 was used as surfactant
in a concentration of 0.1%.
Data Collection. The data for vegetative
growth characteristics (plant fresh weight (g), number of leaves per plant, plant height (cm) and number
of tillers per plant) and water relations attributes
were collected after two weeks of foliar treatment.
The second leaf from the top of the plant was used
for determination of water relations attributes. Leaf
water potential was measured using pressure chamber. After recording water potential, the same leaf
was frozen at -20 °C for seven days. After that, cell
sap was extracted using a disposable syringe. The
osmometer (Wescor 5500) was used to determine
the osmotic potential of extracted cell sap. Leaf turgor potential was calculated as Turgor Potential =
:DWHU3RWHQWLDO ȌZ - RVPRWLFSRWHQWLDO ȌV )RU
relative water content (RWC) determination, fresh
weight of leaf was taken using digital electrical balance. The same leaf then dipped in distilled water for
24 hours. After soaking for 24 hours, weight of leaf
was recorded again. The same leaf then oven dried
for 72 hours and dry weight was recorded. Leaf relative content was calculated by following Karrou
and Maranville [15].
The study was carried out in randomized complete block design (RCBD) with three replicates.

Prominent effects of water deficit on vegetative
growth and leaf water relations attributes of both
wheat genotypes were recorded during current study
(Table 1). The plants growing under water deficit
environment produced 14 and 23% decrease in fresh
weight of plants at jointing and booting stages, respectively than those receiving normal irrigation
treatments. Application of iron lysine complex was
proved to be more useful in increasing plant fresh
weight compared with L-lysine (Table 2, 3). The 10
mM iron lysine complex application caused an increase of 39 and 52% in plant fresh weight at jointing and booting stages, respectively as compared to
lysine untreated ones (Table 2, 3).
Leaves number per plant decreased significantly due water deficit stress (Table 1). An 11% decreased in number of leaves per plant was recorded
in plants experiencing water deficit environment as
compared to those grown under normal irrigation
conditions. The data revealed that foliar application
of 10 mM iron lysine caused 17 and 44% increase in
number of leaves at jointing and booting stages, respectively as compared to lysine untreated ones (Table 2, 3).
A significant decrease in number of tillers per plant
in wheat genotypes under study was observed in water deficit condition as compared to normal irrigation (Table 1). The foliar supply of 1.0 mM iron lysine complex resulted 17 and 18% increase in number of tillers per plant at jointing and booting stages,
respectively as compared to lysine untreated plants
(Table 2, 3). Application of 10 mM iron sulphate solution also proved beneficial in increasing tiller
number per plant.

TABLE 1
Mean square values from ANOVA showing the influence of two water regimes and applied growth regulators on wheat growth attributes
Jointing stage
Booting stage
Source of Degree of
No. of leaves No. of tillers Plant
No. of leaves No. of tillers Plant
F.W.of plant
F.W.of plant
variation freedom
per plant
pe plant
height
per plant
pe plant
height
Water defi1
1013***
869***
37***
1218*** 2789***
1548***
4.7**
6942***
cit (WD)
L-Lysine
13
239***
25***
1.9***
600***
479***
16***
4.7***
294***
levels (L)
Wheat culti1
96***
44***
3**
11050*** 966***
58***
19***
13861***
vars (C)
WD×L
13
17***
8***
0.5 ns
24***
14***
9.9***
0.6ns
119***
WD×C
1
167***
3ns
2*
167***
255***
66***
0.1ns
640***
L×C
13
25***
14***
0.8 ns
13**
36***
3*
1.6***
60***
WD× L×C
13
11***
5.2***
0.4 ns
15***
25***
4.6***
1.3***
34***
Error
112
1.5
1.4
0.4
5.4
1.2
1.5
0.4
4
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TABLE 2
Effect of L-Lysine, iron sulphate and iron-lysine foliar applications on vegetative growth characteristics
of wheat at jointing stage under normal irrigation and water deficit conditions
Treatments
FSD=08
Fresh weight
of plants

BARS-09

FSD=08
No. of
leaves per
plant

BARS-09

C

DW

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

N.I

24.80±1.20 27.10±0.40 28.60±0.20 32.47±0.24 31.53±1.07 33.07±0.18 33.13±0.57 34.87±0.47 36.50±0.25 38.20±0.12 31.63±0.19 34.62±0.22 36.50±0.06 37.12±0.06

W.D

22.50±0.30 25.00±0.20 28.30±0.10 29.63±0.35 31.77±0.89

31.87±0.13
25.63±0.35 27.63±0.24 29.70±0.15 31.13±0.07 32.53±0.18 32.77±0.22 34.37±0.19 36.63±0.09
3

N.I

22.00±0.60 25.70±1.20 28.70±1.30 34.00±1.00 39.33±0.33 43.00±0.58 38.33±0.88 40.33±0.88 42.67±1.45 39.00±0.58 38.33±1.20 40.33±1.20 39.67±1.20 38.00±0.58

W.D

20.30±0.90 21.30±0.90 22.30±0.90 26.00±1.15 30.67±0.67 30.00±0.58 30.00±0.58 31.33±0.33 32.00±0.58 33.33±0.88 31.00±0.58 33.33±0.88 36.67±0.88 34.33±1.20

N.I

24.30±0.30 26.70±0.30 22.33±0.88 25.67±0.88 26.00±0.58 24.00±0.58 24.33±0.33 26.00±0.58 26.33±0.33 27.33±0.33 25.00±0.58 25.00±0.58 25.00±0.58 27.00±0.58

W.D

17.70±0.30 18.33±0.90 22.33±0.88 17.67±0.33 19.67±0.88 19.00±0.58 19.33±0.33 19.33±0.33 21.33±0.33 20.33±0.88 22.33±0.33 24.00±0.58 23.00±0.58 23.00±1.00

N.I

23.00±0.60 25.00±0.70 23.00±1.15 25.33±0.33 24.00±0.58 29.00±0.58 28.00±1.53 30.33±0.33 27.33±1.20 25.00±0.58 26.00±0.58 26.33±0.88 26.33±0.88 26.67±0.33

W.D

17.00±0.60 19.30±1.20 17.66±0.33 20.00±0.58 19.67±0.88 23.33±0.88 23.00±0.58 25.00±0.58 23.67±0.33 24.00±0.58 24.00±0.58 22.67±0.33 24.00±0.58 22.33±0.33

FSD=08

N.I

7.70±0.30

8.70±0.30

7.33±0.33

8.67±0.33

8.67±0.33

8.33±0.33

9.00±0.58

9.00±0.58

9.33±0.88

9.33±0.33

8.67±0.33

9.00±0.58

9.00±0.00

No. of tillers
per plant BARS-09

W.D

6.30±0.30

7.30±0.70

7.33±0.33

7.67±0.33

8.00±0.58

7.67±0.67

8.00±0.00

7.33±0.33

7.33±0.33

7.33±0.33

7.67±0.33

8.00±0.00

7.33±0.33

8.33±0.33

N.I

7.70±0.30

7.00±0.00

8.00±0.00

8.67±0.33

8.33±0.33

8.67±0.67

7.33±0.33

8.33±0.33

8.67±0.33

8.33±0.33

8.33±0.33

9.00±0.00

8.00±0.58

8.67±0.33

W.D

7.00±0.60

6.30±0.30

7.67±0.33

7.67±0.33

8.00±0.00

7.67±0.33

7.33±0.33

7.67±0.33

7.33±0.33

7.67±0.33

7.00±0.00

7.33±0.33

8.00±0.00

8.33±0.33

N.I

63.80±1.90 63.00±1.20 70.67±1.76 68.33±1.20 66.67±1.20 69.33±1.76 67.33±1.20 68.33±1.45 67.00±1,15 67.33±1.76 68.33±2.33 69.67±0.88 71.67±1.20 74.33±0.88

FSD=08
Plant height

BARS-09

9.33±0.33

W.D

59.70±0.90 63.30±2.40 62.00±0.58 63.00±0.58 65.33±0.88 68.00±0.58 62.67±0.88 64.00±1.53 66.67±0.88 64.00±2.51 68.00±0.58 67.33±2.19 69.33±0.88 65±.001.73

N.I

45.70±1.20 49.30±0.70 54.00±1.15 56.67±0.88 53.00±0.58 56.00±1.15 55.00±1.73 53.67±0.88 54.67±0.88 56.33±0.88 52.33±0.88 52.67±0.67 56.67±0.67 60.67±1.76

W.D

48.30±0.90 45.30±2.00 45.00±0.58 49.33±0.88 46.67±0.88 49.33±1.76 48.00±0.58 47.67±1.45 45.00±1.53 44.33±1.76 44.00±0.58 49.00±0.58 44.33±2.85 47.00±0.58

N.I= Normal irrigation, W.D.= Water deficit, C=control, DW= distilled water, T1=0.01 mM L-Lysine,T2=0.1 mM L-Lysine,T3=1 mM LLysine,T4= 10 mM L-Lysine,T5=0.01 mM FeSO4,T6=0.1 mM FeSO4,T7=1 mMFeSO4,T8=10 mM FeSO4,T9=0.01 mM iron lysine complex,T10=0.1 mM iron lysine complex,T11=1 mM iron lysine complex,T12=10 mM iron lysine)

TABLE 3
Effect of L-Lysine, iron sulphate and iron-lysine foliar applications on vegetative growth characteristics
of wheat at booting stage under normal irrigation and water deficit conditions
Treatments

C

DW

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

FSD=08

N.I

28.55±0.98 31.93±0.62 32.45±1.06 35.90±0.06 38.83±0.33 42.17±0.12 32.37±0.19 39.07±0.61 42.27±0.38 46.47±1.84 35.41±0.11 44.51±0.82 48.23±0.12 49.80±0.23

Fresh weight
of plants BARS-09

W.D

17.31±0.63 20.61±0.16 25.33±0.15 27.57±0.64 26.90±0.21 28.03±0.19 27.27±0.12 31.40±0.64 33.90±0.21 38.80±0.15 23.24±0.31 25.99±0.16 32.32±0.31 40.70±0.25

N.I

18.58±0.32 20.63±0.34 23.07±0.30 27.20±0.89 27.93±0.60 31.67±1.93 37.68±0.64 40.45±1.17 40.25±0.20 43.08±0.68 28.14±0.23 31.80±0.57 34.86±0.42 40.97±0.78

FSD=08
No. of
leaves per
plant

BARS-09

W.D

13.44±0.10 15.07±0.35 21.89±0.34 24.96±0.44 27.29±0.16 28.86±0.31 29.40±0.06 29.43±0.23 31.03±0.54 33.60±0.12 25.47±0.15 25.37±0.15 29.38±0.14 31.53±0.72

N.I

17.67±0.33 18.33±0.88 20.33±0.67 23.00±0.58 24.00±0.58 22.00±0.58 22.00±0.58 23.00±0.58 21.67±0.33 23.67±0.33 24.00±0.58 24.00±0.58 23.67±0.33 24.00±0.58

W.D

15.00±0.58 16.00±1.00 14.67±1.33 16.67±0.88 13.33±0.88 15.00±0.58 13.67±0.88 14.67±0.88 16.00±1.15 16.67±0.88 15.00±0.58 14.67±0.88 15.00±0.88 15.00±0.58

N.I

17.33±0.33 16.67±0.67 16.33±0.88 21.00±0.58 21.67±0.33 22.33±0.88 17.33±0.33 21.33±0.33 19.33±0.88 21.00±0.58 19.00±0.58 21.33±0.88 21.33±0.33 21.33±0.33

W.D

13.67±0.33 14.00±1.15 14.00±0.58 14,00±0.58 15,00±0.58 15.67±1.20 16.33±0.88 16.00±0.58 15.67±0.33 15.00±1.15 15.00±0.58 14.33±0.88 16.00±0.58 17.66±0.33

FSD=08

N.I

7.33±0.33

8.00±0.00

7.33±0.33

8.33±0.33

8.33±0.33

9.67±0.88 10.00±0.58 9.00±0.58 10.33±0.33 9.33±0.88

8.33±0.33

8.33±0.33

8.66±0.33 11.00±0.58

No. of tillers
per plant BARS-09

W.D

8.33±0.33

8.67±0.33

7.67±0.33

7.33±0.33

9.00±0.00

8.33±0.33

8.67±0.33

8.33±0.33

9.00±0.00

8.67±0.33

8.67±0.33

8.67±0.33

8.33±0.33

N.I

7.00±0.00

7.67±0.67

8.33±0.33

7.67±0.33

8.00±0.00

8.67±0.33

7.00±0.00

8.67±0.33

7.33±0.33

8.00±0.00

8.33±0.33

8.33±0.33

9.33±0.33

9.67±0.33

W.D

6.67±0.33

7.00±0.58

7.00±0.58

6.67±0.33

7.33±0.33

9.00±0.00

7.67±0.33

8.67±0.33

7.67±0.33

8.67±0.33

8.33±0.33

8.00±0.00

8.33±0.33

9.00±0.00

FSD=08
Plant height

BARS-09

9.00±0.00

N.I

54.oo±0.58 56.33±0.33 63.33±0.88 67.33±1.20 70.33±2.73 74.33±1.76 69.00±0.58 69.33±0.33 72.00±1.53 78.00±0.58 68.67±0.88 67.33±1.20 69.00±2.00 75.00±1.73

W.D

39.67±1.45 47.67±1.45 54.67±1.45 55.00±0.58 60.00±1.15 65.67±0.88 40.00±1.15 41.00±0.58 41.67±0.33 43.67±0.88 57.00±0.58 54.67±1.76 57.67±0.88 61.00±0.58

N.I

34.00±1.15 35.33±0.33 41.00±1.00 43.33±1.33 47.00±0.58 45.67±1.20 50.00±0.58 50.33±0.33 49.00±0.58 51.00±0.58 45.33±0.33 50.33±0.88 52.00±1.15 50.67±1.33

W.D

29.33±1.33 33.00±1.00 35.33±0.88 37.66±0.88 36.67±0.88 38.33±0.88 35.00±2.08 36.00±0.58 35.00±0.58 39.33±0.67 39.00±0.58 40.00±1.15 41.33±1.76 43.67±0.88

N.I= Normal irrigation, W.D.= Water deficit, C=control, DW= distilled water, T1=0.01 mM L-Lysine,T2=0.1 mM L-Lysine,T3=1 mM LLysine,T4= 10 mM L-Lysine,T5=0.01 mM FeSO4,T6=0.1 mM FeSO4,T7=1 mMFeSO4,T8=10 mM FeSO4,T9=0.01 mM iron lysine
complex,T10=0.1 mM iron lysine complex,T11=1 mM iron lysine complex,T12=10 mM iron lysine.

Wheat plants growing under normal irrigation
conditions showed 9 and 29% increase in plant
height in plants treated with lysine at jointing and
booting stages, respectively than those of untreated
ones (Table 2, 3). Wheat plants treated with 10 mM
iron lysine complex and iron sulphate showed higher
plant height than all other treatments. The plants
treated with 10 mM iron sulphate showed 10 and
32% increase in plant height at jointing and booting
stages, respectively compared with untreated plants
(Table 2, 3).

Statistical analysis of the data revealed that the
water deficit environment significantly affected the
leaf osmotic potential of both wheat genotypes (Table 4). Wheat plants grown under water deficiency
exhibited 43 and 51% lower osmotic potential at
jointing and heading stages, respectively as compared to the plants growing under normal irrigation.
Foliar application of different levels of lysine or iron
sulphate had varying effects on this biochemical attribute. In general, the plants not treated with lysine
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TABLE 4
Mean square values from ANOVA showing the influence of two water regimes and applied growth regulators on wheat water relations attributes
Jointing stage
Source of
variation

Degree of
freedom

Osmotic
potential

Water
potential

Turgor
potential

Source of
variation
Water deficit
(WD)

1

10.2***

8***

13

0.22***

Booting stage
Osmotic
potential

Water
potential

Turgor
potential

0.16***

L. relative
water
content
7925***

16 ***

5 ***

3.4 ***

L. relative
water
content
239 ***

0.12***

0.03***

364***

0.9 ***

0.07 ***

0.8 ***

619 ***

L-Lysine
levels (L)
Wheat
cultivars (C)
WD×L

1

0.33***

0.34***

0.00009ns

1553***

2.8 ***

0.95 ***

0.5 ***

160 ***

13

0.06***

0.02***

0.017***

321***

0.10 ***

0.009 ***

0.07 ***

36 ***

1

0.44***

0.3***

0.012***

54 ns

0.4***

1.49ns

0.4***

6.3 ns

WD×C

13

0.009***

0.3***

0.007***

0.007***

0.2***

0.12***

0.2***

118***

L×C

13

0.012***

0.008***

0.005***

164***

0.05***

0.009***

0.05***

35***

WD× L×C

112

0.0006

0.0007

0.001

40

0.001

9.02E-04

0.002

9.24

TABLE 5
Effect of L-Lysine, iron sulphate and iron-lysine foliar applications on water relations characteristics of
wheat at jointing stage under normal irrigation and water deficit conditions
Treatments
FSD=08
Osmotic
potential

BARS-09

FSD=08
Water
potential

BARS-09

FSD=08
Turgor
potential

BARS-09

C

DW

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

N.I

0.74±0.02

0.72±0.00

0.70±0.00

0.69±0.00

0.69±0.00

0.68±0.01

0.68±0.00

0.64±0.01

0.64±0.01

0.63±0.02

0.67±0.01

0.63±0.01

0.57±0.01

0.54±0.01

W.D

1.38±0.02

1.42±0.02

1.23±0.01

1.28±0.00

1.16±0.04

1.05±0.03

0.98±0.01

0.96±0.01

0.95±0.01

0.95±0.02

0.87±0.02

0.87±0.02

0.80±0.01

0.79±0.01

N.I

0.82±0.02

0.78±0.00

0.69±0.00

0.68±0.00

0.67±0.00

0.66±0.01

0.65±0.01

0.65±0.00

0.63±0.01

0.64±0.00

0.57±0.01

0.55±0.02

0.53±0.01

0.52±0.01

W.D

1.44±0.03

1.51±0.01

1.55±0.03

1.37±0.01

1.34±0.02

1.23±0.01

1.39±0.00

1.30±0.00

1.13±0.05

1.23±0.00

1.07±0.02

0.98±0.01

0.95±0.00

0.87±0.01

N.I

0.69±0.00

0.64±0.01

0.68±0.01

0.61±0.01

0.54±0.01

0.64±0.01

0.64±0.00

0.58±0.01

0.6±0.01

0.58±0.00

0.57±0.01

0.54±0.02

0.53±0.01

0.51±0.00

W.D

1.19±0.02

1.17±0.03

1.07±0.03

1.07±0.03

0.98±0.09

0.97±0.01

0.93±0.01

0.88±0.01

0.88±0.01

0.9±0.01

0.86±0.02

0.8±0.01

0.76±0.00

0.73±0.01

N.I

0.78±0.00

0.68±0.01

0.64±0.02

0.62±0.01

0.59±0.01

0.63±0.01

0.61±0.01

0.57±0.02

0.62±0.01

0.61±0.01

0.52±0.00

0.54±0.02

0.51±0.01

0.49±0.01

W.D

1.25±0.03

1.32±0.01

1.14±0.02

1.26±0.03

1.12±0.01

1.17±0.03

1.32±0.02

1.17±0.03

1.05±0.05

1.16±0.02

0.99±0.00

0.94±0.01

0.93±0.01

0.83±0.00

N.I

0.04±0.02

0.08±0.01

0.02±0.00

0.08±0.01

0.15±0.01

0.04±0.01

0.04±0.00

0.06±0.02

0.04±0.01

0.05±0.02

0.10±0.01

0.09±0.02

0.05±0.01

0.04±0.00

W.D

0.19±0.20

0.25±0.05

0.17±0.03

0.21±0.04

0.17±0.04

0.07±0.02

0.05±0.01

0.07±0.02

0.08±0.01

0.05±0.02

0.01±0.00

0.07±0.03

0.05±0.01

0.06±0.01

N.I

0.04±0.01

0.09±0.01

0.05±0.01

0.06±0.01

0.07±0.00

0.03±0.00

0.04±0.01

0.08±0.02

0.01±0.00

0.02±0.00 0.05±0.011 0.02±0.00

0.02±0.00

0.03±0.01

0.19±0.01

0.41±0.05

0.11±0.02

0.23±0.02

0.06±0.03

0.07±0.02

0.13±0.03

0.08±0.01

0.07±0.02

0.03±0.01

0.04±0.01

W.D

0.19±0.01

FSD=08

N.I

67.91±0.17 69.08±0.48 46.55±0.38 35.96±1.31 49.48±1.95 57.11±0.86 33.51±0.43 52.52±1.27 47.34±0.97 47.96±0.54 45.94±0.97 48.33±6.88 46.56±3.81 66.70±0.52

0.08±0.09

0.04±0.01

Leaf relative
water
BARS-09
content

W.D

53.99±1.31 69.70±1.29 69.99±0.35 74.06±0.47 59.18±9.26 72.99±0.87 58.25±1.24 62.13±1.62 52.21±0.21 60.98±0.80 53.21±3.95 71.71±0.47 70.39±2.83 62.63±5.02

N.I

65.69±0.24 51.11±0.77 47.67±1.77 33.82±0.48 39.18±1.22 42.87±0.60 48.47±0.65 40.69±1.11 42.72±1.03 36.30±1.01 38.83±2.29 37.43±0.69 45.53±1.57 63.64±2.08

W.D

56.76±1.14 56.69±0.91 54.98±1.32 69.11±1.28 62.69±0.80 63.36±0.60 51.61±0.82 63.69±3.28 58.69±2.24 61.49±2.37 46.05±0.79 52.33±0.78 47.38±2.79 77.28±3.79

N.I= Normal irrigation, W.D.= Water deficit, C=control, DW= distilled water, T1=0.01 mM L-Lysine,T2=0.1 mM L-Lysine,T3=1 mM LLysine,T4= 10 mM L-Lysine,T5=0.01 mM FeSO4,T6=0.1 mM FeSO4,T7=1 mMFeSO4,T8=10 mM FeSO4,T9=0.01 mM iron lysine complex,T10=0.1 mM iron lysine complex,T11=1 mM iron lysine complex,T12=10 mM iron lysine.

or iron sulphate (control) receiving either normal irrigation or water deficit showed more negative values for leaf osmotic potential than those of treated
plants at all the three stages of wheat growth (Tables
5, 6).
Water deficit conditions imposed highly significant effects on leaf water potential. Wheat plants
grown under water deficit environment showed 30
and 44% lower values in leaf water potential at jointing and booting stages, respectively as compared to
plants grown under normal irrigation (Tables 5, 6).
The lysine or iron sulphate untreated plants showed

more negative values of leaf water potential than
those of plants sprayed with different levels of lysine, iron sulphate or iron-lysine at all the three
stages of growth (Tables 5, 6).
Analysis of the variance indicated significant
differences for leaf turgor potential of lysine and
iron sulphate treated and untreated plants (Table 4).
Higher value of leaf turgor potential in plants
sprayed with 0.1mM iron lysine complex at jointing
stage was recorded than those of lysine untreated
plants (Tables 5, 6).
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TABLE 6
Effect of L-Lysine, iron sulphate and iron-lysine foliar applications on water relations characteristics of
wheat at booting stage under normal irrigation and water deficit conditions
Treatments
FSD=08
Osmotic
potential

BARS-09

FSD=08
Water
potential

BARS-09

FSD=08
Turgor
potential

BARS-09

C

DW

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

T11

T12

N.I

1.60±0.01

1.35±0.02

1.12±0.01

1.44±0.01

1.02±0.01

1.06±0.00

1.01±0.01

0.77±0.01

0.78±0.02

0.79±0.02

0.84±0.02

0.68±0.01

0.86±0.03

0.83±0.01

W.D

2.18±0.03

1.93±0.02

1.65±0.01

2.02±0.01

1.50±0.06

1.39±0.03

1.48±0.04

1.09±0.01

1.17±0.01

1.55±0.01

1.41±0.03

1.22±0.00

1.53±0.01

1.35±0.02

N.I

1.69±0.01

1.69±0.01

1.46±0.02

1.08±0.02

1.17±0.01

1.11±0.01

1.45±0.02

1.09±0.02

0.99±0.05

0.89±0.04

1.13±0.02

0.99±0.01

0.88±0.00

0.79±0.01

W.D

2.43±0.02

2.46±0.02

2.18±0.01

1.65±0.01

1.95±0.01

1.04±0.02

2.20±0.02

1.67±0.01

1.73±0.01

1.53±0.05

1.91±0.01

1.70±0.03

2.24±0.02

1.69±0.01

N.I

0.78±0.02

0.75±0.01

0.83±0.01

0.68±0.01

0.72±0.01

0.63±0.01

0.84±0.01

0.73±0.01

0.69±0.03

0.63±0.01

0.64±0.02

0.62±0.02

0.67±0.03

0.69±0.01

W.D

1.06±0.07

1.04±0.01

1.15±0.01

0.99±0.01

1.02±0.01

0.93±0.20

1.17±0.01

1.04±0.02

0.88±0.01

0.89±0.01

1.22±0.01

1.03±0.02

1.08±0.10

0.97±0.12

N.I

0.85±0.01

0.84±0.02

0.90±0.01

0.75±0.01

0.86±0.02

0.81±0.02

0.97±0.02

0.85±0.04

0.82±0.01

0.82±0.01

1.04±0.02

0.96±0.01

0.82±0.01

0.72±0.01

W.D

1.25±0.02

1.17±0.02

1.25±0.02

1.08±0.01

1.20±0.01

0.96±0.02

1.32±0.01

1.16±0.01

1.12±0.01

1.13±0.00

1.36±0.01

1.24±0.01

1.19±0.01

1.16±0.01

N.I

0.82±0.03

0.60±0.02

0.29±0.02

0.76±0.01

0.30±0.00

0.43±0.02

0.17±0.01

0.04±0.01

0.09±0.03

0.16±0.01

0.19±0.04

0.05±0.01

0.19±0.05

0.14±0.01

W.D

1.12±0.09

0.89±0.01

0.49±0.02

1.04±0.01

0.48±0.06

0.46±0.01

0.31±0.02

0.05±0.02

0.29±0.02

0.65±0.00

0.19±0.03

0.19±0.02

0.45±0.02

0.37±0.03

N.I

0.84±0.01

0.85±0.01

0.56±0.03

0.33±0.01

0.31±0.01

0.30±0.02

0.48±0.03

0.25±0.03

0.17±0.04

0.08±0.04

0.09±0.01

0.03±0.01

0.06±0.00

0.07±0.01

1.29±0.01

0.94±0.03

0.57±0.00

0.74±0.01

0.07±0.00

0.88±0.01

0.51±0.01

0.61±0.02

0.40±0.06

0.55±0.02

0.41±0.01

1.05±0.02

0.54±0.01

W.D

1.18±0.04

FSD=08

N.I

39.88±1.74 49.51±0.49 53.95±0.42 53.84±0.42 55.68±1.13 73.63±2.01 53.95±0.42 53.84±0.41 55.68±1.13 75.33±1.40 54.58±0.41 50.02±5.04 56.32±1.56 60.58±2.28

Leaf relative
water
BARS-09
content

W.D

33.65±1.94 43.37±0.54 48.73±2.43 46.21±0.43 47.67±1.28 69.17±1.77 43.33±3.00 50.72±1.12 49.54±1.17 48.88±0.86 46.15±0.53 52.88±1.74 52.03±1.70 54.08±4.84

N.I

41.56±2.09 33.57±0.65 52.12±0.55 56.21±0.75 64.09±1.24 60.05±1.23 51.34±0.56 56.01±0.37 64.72±1.21 62.29±0.76 51.83±0.55 52.83±0.54 55.77±5.45 62.46±1.77

W.D

35.89±1.83 28.97±0.39 45.21±0.36 49.38±0.71 54.20±0.95 53.98±0.23 43.11±0.20 48.92±1.31 50.29±2.14 55.44±0.59 44.14±0.30 46.81±0.43 47.15±2.43 50.17±3.91

N.I= Normal irrigation, W.D.= Water deficit, C=control, DW= distilled water, T1=0.01 mM L-Lysine,T2=0.1 mM L-Lysine,T3=1 mM LLysine,T4= 10 mM L-Lysine,T5=0.01 mM FeSO4,T6=0.1 mM FeSO4,T7=1 mMFeSO4,T8=10 mM FeSO4,T9=0.01 mM iron lysine
complex,T10=0.1 mM iron lysine complex,T11=1 mM iron lysine complex,T12=10 mM iron lysine.

Plants grown under normal irrigation showed
higher value for relative water contents as compared
to plants grown under water deficit (Table 4). Exogenous supply of plant growth regulators helped
plants to maintain relative water contents under
moisture stress, particularly at jointing stage. The
plants treated with 10 mM iron lysine complex
showed 32 and 41% increase in relative water content at jointing and booting stages, respectively (Tables 5, 6).
The reduction in plant growth in terms of fresh
and dry matter production as recorded during present
study had been well reported in different plants as a
consequence of water shortage [16, 17]. Relatively
less reduction in fresh and dry weight of plant in
wheat genotype FSD-08 as observed during the present investigation indicated its greater drought tolerance potential than that of BARS-09. This was because tolerant verities of wheat maintained better
growth in terms of plant biomass under moisture
stress as compared to sensitive ones (18, 19 and 20].
The relatively higher value for fresh and dry weight
of iron-Lysine complex treated plants compared with
lysine or iron sulphate indicated the efficacy of ironlysine in increasing fresh and dry weight of wheat
plants. The higher value for fresh and dry weight of
plants was observed in chelated form of lysine i.e. 10
mM iron lysine complex. The positive effects of
amino acids application in increasing growth-related
attributes had also been reported by many other authors [10, 11].
The reduced plant height due to drought stress
as reported in different crop plants [21, 22] had also
been recorded during present study. Less reduction
in plant height in wheat variety, FSD-08 as observed
during the present investigation indicated its more

drought tolerance nature as compared to BARS-09.
The higher value for of plant height was observed in
plants sprayed with chelated form of lysine i.e. 10
mM iron lysine complex than all other treatments.
The higher value of plant height in iron-lysine
treated plants could be explained by the ability of
amino acids to be converted to polyamines, having
role in cell division, growth and differentiation resulting better plant growth [23]. The results of current study are in accordance with report [24] indicating considerable increase in chili plant height by application of chelated complexes of iron, zinc, copper
and manganese with amino acids.
The reduction in number of leaves and tillers
recorded under water deficit condition during present study had also been reported by many other researchers [25, 26]. Less reduction in leaves and tillers per plant in FSD-08 observed during the present
investigation indicated its more drought tolerance
nature as compared to BARS-09. The results for
counting leaves and tillers per plant indicated that LLysine treated plants had more value for both above
mentioned attributes compared with lysine untreated
ones. However, the chelated form of lysine was more
beneficial in improving the leaves and tiller number
per plant than those compared of other levels of lysine used in the study. The beneficial effects of
amino acids and iron applications on crop growth
characters had been reported by other researchers
working on different crops [18, 27, 28].
As evident from the results of current study, the
plant water relations attributes were significantly affected by water deficit environment. The lower values of relative water contents and increase turgor potential of wheat leaves experiencing water shortage
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had also been reported [29, 30]. Maintaining leaf relative water content had been found an important indicator of water stress tolerance of plants [29, 30].
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[6] Ali, Q., Ali, S., Iqbal, N., Javed, M.T., Rizwan,
M., Khaliq, R., Shahid, S., Perveen, R., Alamri,
S.A., Alyemeni, M.N., Wijaya, L. (2019) Alpha-tocopherol Fertigation Confers Growth
Physio-Biochemical and Qualitative Yield Enhancement in Field Grown Water Deficit Wheat
(Triticum aestivum L.). Scient. Rep. 9, 1-5.
[7] Pestana, M., Correia, P.J., de-Varennes, A., Abadía, J., Faria, E.A. (2001) Effectiveness of Different Foliar Iron Applications to Control Iron
Chlorosis in Orange Trees Grown on Cacalcareous Soil. J. Plant Nutr. 24, 613–622.
[8] Kusvuran, S., Bayat, R., Ustun, S.A., Elliatioglu, S.S. 2020. Exogenous Proline Improves
Osmoregulation, Physiological and Biochemical Responses of Eggplant under Salt Stress.
Fresen. Environ. Bull. 29, 152-161.
[9] Rai, V.K. (2002) Role of Amino Acids in Plant
Responses to Stresses. Plant Biol. 45, 481- 487.
[10] Meijer, A.J. (2003) Amino Acids as Regulators
and Components of Non-Proteinogenic Pathways. J. Nut. 39, 2057–2062.
[11] Hendawy, S.F., Hussein, M.S., El-Gohary, A.E.,
Ibrahim, M.E. (2015) Effect of Foliar Organic
Fertilization on the Growth, Yield and Oil Content of Mentha Piperita Var. Citrata. Asian J.
Agric. Res. 9, 237-248.
[12] Yao, X., Shen, W. (2011) Crucial Function of
Histone Lysine Methylation in Plant Reproduction. Chin. Sci. Bullet. 56, 3493 – 3499.
[13] Rombola, A.D., Bruggemann, W., Tagliavini,
M., Marangoni, B., Moog, P.R. (2000) Iron
Source Affects Iron Reduction and Re-Greening
of Kiwi Fruit (Actinidia Deliciosa) Leaves. J.
Plant Nut. 23, 1751–1765.
[14] Fernandez, V., Del Río, V., Pumarino, L., Igartua, E., Abadía, J., Abadía, A. (2008) Foliar Fertilization of Peach (Prunus Persica (L.) Batsch)
with Different Iron Formulations: Effects on
Re-Greening, Iron Concentration and Mineral
Composition in Treated and Untreated Leaf Surfaces. Scient. Horticul. 117, 241–248.
[15] Karrou, M., Maranville, J.W. (1995) Response
of Wheat Cultivars to Different Soil Nitrogen
and Moisture Regimes: II. Leaf Water Content,
Stomatal Conductance and Photosynthesis. J.
Plant Nuitr. 4, 777–791.
[16] Namich, A.A.M. (2007) Response of Cotton
Cultivar Giza 80 to Application of Glycine Betaine under Drought Conditions. J. Agric. Res.
32, 1637-1651.
[17] Noman, A., Ali, Q., Maqsood, J., Iqbal, N.,
Javed M. T., Rasool N., Naseem J. (2018) Deciphering Physio-Biochemical, Yield, and Nutritional Quality Attributes of Water-Stressed Radish (Raphanus Sativus L.) Plants Grown from
Zn-Lys Primed Seeds. Chemosphere. 195, 175189.

CONCLUSION
In conclusion, water deficit negatively affected
growth and water relation attributes in both wheat
genotypes used in the study. Wheat genotypes, FSD08 proved to be more tolerant to water deficit conditions than BARS-09. Application of different levels
of growth regulators reduced the negative effects of
water deficit on growth and water relations attributes
of both wheat genotypes. Foliar application of
10mM iron-lysine proved to be more useful in enhancing plant growth related attributes and maintaining leaf relative water contents under water limited
environment.
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per hectare annual). The water conservation value
per unit area was 12700 Yuan per hectare annual,
with betula davurica highest water conservation
value per unit area (24100 Yuan per hectare
annual), followed by willow (19300 Yuan per
hectare annual), poplar was minimum(4400 Yuan
per hectare annual). The output value of maize was
increased by 57.46 billion Yuan annual, which
accounted for 58.6% of the annual output of various
crops. The minimum amount of cereal with the
least amount of output was 0.62 billion Yuan
annual, 0.6 percent of the annual output of various
crops. The forest ecosystem services have not been
fully utilized in Zhalantun, like soil conservation,
water conservation and forest agricultural
protection, etc. It was suggested that the soil
erosion caused by the local forest and grassland
degradation was serious and the biological diversity
index and grain yield decreased significantly.
Therefore, the government of Zhalantun should
strengthen the protection of ecological resources,
construct water and soil erosion controlling and
dynamic monitoring based on small watershed as a
unit, transform slope farmland, build farmland
shelterbelts, establish accountability system for the
protection of cultivated land, improve the
compensation system for land requisition, and
ensure not suitable for cultivation in an orderly way
and improve the quality of arable land. It should
plant more forest category, which can generate
large value of forest ecosystem service. The rational
management and optimize the use of local forest
resources has important significance.

ABSTRACT
In order to improve people's awareness for the
value of forest ecosystem services of protecting the
ecosystem, and provide the basis for forestry
management. The study has evaluated regulation
service value of forest ecosystem services by using
approaches such as shadow engineering method and
benefit transfer method, etc. in Zhalantun city of
eastern monsoon climate zone, Great Khingan
Range. It could provide abundant timber and forest
by-products for human beings etc., and also
effectively play ecosystem services, and maintain
environmental conditions for the survival of
humans and support the global ecological balancelike water and soil conservation, and maintain the
biodiversity. The results showed that the total value
of forest ecosystem services was 342.641 billion
RMB in Zhalantun city, according to the
researching results. The order of ecological benefits
value was: carbon fixation and oxygen release
(2572.15×108 Yuan)>soil conservation (605.39×108
Yuan)>water conservation (150.85×108Yuan) >
forest agricultural protection (98.02×108 Yuan).
The highest value of ecosystem services were
carbon fixation and oxygen release, soil
conservation, accounting for 75.07%, 17.67% of the
total value, respectively, and their total value of
ecosystem services accounting for 92.74% for the
total value. The value of solid carbon and release
oxygen per unit area was 317300 Yuan per hectare
annual. The elm of carbon fixation and oxygen
release value in the unit area, which was biggest,
was 4.1181 million Yuan per hectare annual, and
the second aspen was 944800 Yuan per hectare
annual. The dahurian larch was smaller, which was
223400 Yuan per hectare annual. The soil
conservation value per unit area was 45900 Yuan
per hectare annual, with betula davurica highest soil
conservation value per unit area (64400 Yuan per
hectare annual), followed by oak (60500 Yuan per
hectare annual), aspen was minimum(27100 Yuan

KEYWORDS:
Forest Ecosystem Services, Ecological Benefit, Value
Assessment, Monsoon Climate Zone, Great Khingan
Range, Zhalantun City
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vegetation in China. The results showed that the
ecological benefits were the largest in the forest
ecosystem. It can be seen that the current forest
ecosystem service value assessment has become the
focus of research in environmental economics and
ecological economy and other disciplines, characterized by scholars using different methods to study
from different angles. For example, Costanza et
al.[5]and Daily[6]explored the value of ecosystem
services from the perspective of ecology and
economics, respectively. Turner et al. [8] attached
importance to the research on evaluation methods
and technologies of ecosystem services. Naeem
[17] attached great importance to the study of
ecosystem service change mechanisms, especially
the relationship between ecosystem services and
biodiversity. The Millennium Ecosystem Assessment [18] summarized the contents of ecosystem
services, evaluation indicators and scales,
technologies and methods, and the relationship with
the social economy more comprehensively, and
carries out evaluation research around the world.
However, the existing assessment theories and
methods had limitations, which hindered the
research process of ecosystem services. First,
scholars have multiple understandings of value. As
the core of economics research, value theory has
been widely disputed by various schools of thought,
and opinions on whether ecosystem services have
value are also divided. Such as use value
determinism, limited resource value theory, dual
value theory of labor value and price determinism,
etc., especially the traditional theory of pricelessness of natural assets, it was generally believed
that something that had labor participation or
tradable was of value, and was in a natural state.
Ecosystem services were not available. The second
was the difficulty of empirical ecosystem services
and the unlimited value of natural capital. Empirical
difficulty meant that it was not feasible to
determine natural capital through artificially made
natural capital. The unlimited value of natural
capital meant that the evaluation index system and
method theory were not universally applicable, so
the total value for humans was infinite. The third
was the complexity of ecosystem functions and
services. Functions and services had dynamic
heterogeneity in the spatiotemporal domain [19]
and cannot correspond to each other. Some
functions and services cannot be distinguished and
quantitatively analysed. Therefore, it was difficult
to accurately evaluate the value of ecosystem
services. The fourth was market failure and price
vacancy. Imperfect market mechanisms had
prevented accurate market prices for ecosystem
services.
The study targeted the Zhalantun forest
ecosystem in the eastern monsoon climate zone of
the Greater Khingan Mountains. Research methods
included field visits, literature analysis, etc. The

INTRODUCTION
Forest ecosystem is the most important type of
ecosystem on land [1]. Forest ecosystems not only
provide abundant wood and forest by-products, but
also effectively play a variety of ecological services
such as water conservation, soil conservation and
biodiversity maintenance, maintaining the environmental conditions necessary for human survival and
supporting the global ecological balance. United
Nations University published a report entitled
"Human Impact on the Global Environment", which
proposed ecosystem service functions for the first
time and listed ecosystem service functions in 1970.
Afterwards, Westman[2], HOLDER et al.[3],
OMER et al.[4] and other scholars carried out
impact evaluation on the ecosystem service
functions of the ecosystem. It was not until 1991
that the evaluation of the value of forest ecological
benefits was highly concerned by scholars at home
and abroad. Among them, Costanza et al.[5]
published a value evaluation of global ecosystem
services, which is considered to be a breakthrough
in the evaluation of ecosystem benefits. Afterwards,
many scholars followed this evaluation model and
carried out evaluation studies on the benefits of
ecosystems. For example, Daily [6] carried out a
value assessment of the ecological benefits of
forests, coasts, wetlands and other areas in different
parts of the world. Tobias et al.[7] evaluated the
ecological benefits of tropical rainforest. Turner et
al.[8] evaluated the economic value of the European
Danube. Peters et al.[9] evaluated the value and
ecological benefits of non-wood forest products in
the Amazon rainforest. In addition to international,
Chinese scholars have also carried out many studies
related to the evaluation of ecosystem services
since the early 1980s, and made further beneficial
explorations [10]. For example, Yuanzhao Hou and
others [11] were early scholars in China to assess
the benefits of ecosystems. They used cost
expenditures, conditional values, and travel costs to
evaluate the biodiversity value of Changbai
Mountain Nature Reserve and made a comparative
analysis. Dayuan Xue et al.[12] also evaluated the
biodiversity value of Changbai Mountain Nature
Reserve, but the focus is on tourism value. Zhiyun
Ouyang et al.[13]evaluated the value of various
services in China ’s terrestrial ecosystems, and
pointed out that the selection of different evaluation
parameters will lead to different conclusions.
Tongqian Zhao et al. [14] also evaluated the value
of terrestrial ecosystem services in China.
Xiaoliang Shi et al.[15]evaluated the value of water
conservation in forest ecosystem services in
Yunnan Province. The results showed that the
amount of water conserved by forests in Yunnan
Province reaches 8.7×1010 m3 per year, worth about
100 million Yuan. Yanling Jiang et al.[16]evaluated
the ecological service value of the main forest
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study used market value, shadow engineering,
benefit transfer, and alternative cost methods to
evaluate the value of the regulation service of the
Zhalantun forest ecosystem for the first time.
Research had analysed and assessed the differences
in the value of various services per unit area in
dominant vegetation, forest age, etc. The results of
the study promoted people to pay more attention to
the value of forest ecosystem services, increased
awareness of protecting the ecological environment,
and provided a basis for local governments to
formulate forest management. In addition, the
research also provided guidance for China's future
economic and ecological policy trends, and more
effectively combines economic development with
ecological environment construction under the
"new normal" economy.
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River. The total amount of groundwater recharge in
Zhalantun city is 378 million cubic meters for many
years, and the average river ratio is larger, generally
between 1/300 and 1/500, and the total water
resources is 2.567 billion cubic meters. Zhalantun
city enjoys a pleasant climate and enjoys many
reputations. Such as the first Qi County that was
rated as a garden city in Inner Mongolia
Autonomous Regio. It is currently the only national
scenic spot in Inner Mongolia. Zhalantun Scenic
Area was also rated as "the best natural and
ecological environment in China and even the
world" by Academician Jiaqi Liu of the Chinese
Academy of Sciences.
Status of forest resources. More than twothirds of the land in Zhalantun is covered by forests
and enjoys the reputation of "Outside the Soviet
Union and Hangzhou". The total area of the city of
Zhalantun is about 1 694 826 ha, and the operating
area of the Forestry Bureau is 867 988 ha according
to the forest resource category 2 survey in 2013 by
Zhalantun Forestry Bureau, Chaihe Forestry Bureau
and Nanmu Forestry Bureau, etc. Among them,
forestry land area is 580 108 ha, accounting for
66.83% of the total land area; non-forestry land
area is 287 880 ha, accounting for 33.17% of the
total land area. The existing forest area of
Zhalantun city is 1 187 080 ha, the standing timber
volume is 21.8011 million cubic meters, and the
forest coverage rate is 70.04%. The territory
includes Chaihe Forestry Bureau, Nanmu Forestry
Bureau, and also includes some Chuoer Forestry
Bureau of Inner Mongolia Greater Khingan Range
Forest Industry Group, Arxan Forestry Bureau and
Wuchagou Forestry Bureau of Xing'an League. The
forest types are divided into 9 species: Larix spp.,
Mongolica Litv, Xylosma racemosum, Betula
platyphylla Suk., Betula davurica Pall., Populus
davidiana, Populus L., Salix babylonica L. and
Ulmus pumila., in this area, according to the 2013
second-class survey of forest resources in
Zhalantun city. The area of forestry area, forest area
and forest coverage rate of various forestry bureaus
were showed in table 1.

RESEARCH AREA
Natural overview. Zhalantun City is located
in the north of China, at the eastern foot of the
Greater Khingan Range, on the west side of the
6RQJQHQ 3ODLQ ZLWK ORQJLWXGHV RI   ƍ Ǝ   ƍ Ǝ ( DQG   ƍ Ǝ -  ƍ Ǝ 1 
The terrain is high in the north and low in the south,
and the terrain is mainly mountainous, with large
fluctuations, with a maximum altitude of 615 m and
a minimum altitude of 234 m. The unique
ecological geographical advantage determines the
important position of Zhalantun in the construction
of ecological civilization in China. Zhalantun is
located in the middle and upper reaches of the
YaLu River. Zhalantun has a mid-temperate
continental
monsoon
climate,
with
the
characteristics of long winter and short summer.
The annual average precipitation is 755.2 mm, the
extreme annual maximum precipitation is 1 326
mm (in 1998), the minimum annual precipitation is
215 mm (in 2009), and the annual average forest
evapotranspiration is 707 mm in Zhalantun city.
The YaLu River, which is a tributary of the
Nenjiang River, flows through the entire Zhalantun
city, and is also distributed in the Jiqin River,
Chuoer River, Yin River, Weilian River and Woniu

TABLE 1
Forest resource status of Zhalantun City in 2013
Forestry bureau
Zhalantun city
Chaihe
Nanmu
Arxan
Wuchagou
Zhuoer
Total amount of the
city

867988
369850
198565
59893
28838
169692

Proportion of
the total land
area /%
51.21
21.82
11.72
3.53
1.71
10.01

1694826

-

working
area/ha

unit

480816
327767
173559
51316
23442
130180

Percentage
of
total forest area
/%
40.51
27.61
14.62
4.32
1.97
10.97

55.40
88.60
87.40
85.70
81.30
76.70

1187080

-

70.04

Forest area /ha
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precipitation, mm. E- Reference evapotranspiration,
mm. C- Surface runoff, mm. UP- Year of forest
purification water quality, Yuan/a. K- Water
purification costs, Yuan/t.

MATERIALS AND METHODS
As
matters
stand,
the
international
classification of forest ecological benefits has more
recognized by the "Millennium Ecosystem
Assessment Report" proposed by the United
Nations Environment Programme. The Millennium
Ecosystem Assessment Report divided forest
ecological benefits into four categories: Supporting,
Providing, Regulating, and Cultural Services.
Regarding the formulation of assessment standards,
China has mainly based on the forestry industry
standard "Forest Ecosystem Service Function
Assessment Specification (LY / T 1721-2008)"
promulgated by the State Forestry Administration
[20].The standard divided forest ecological benefits
into 8 categories and 14 evaluation indicators.
Based on the actual situation of Zhalantun City, the
study focused on in-depth research on the main
forest ecosystem services such as water
conservation, soil conservation, forest agricultural
protection and carbon fixation and oxygen release.
The data used by the research institute includes the
Zhalantun Forest Type II Resource Survey data in
2013 and the data published by Zhalantun
Statistical Yearbook. The materials used in the
research include statistical data such as the
Municipal Forestry Bureau, Environmental
Protection Bureau and Water Affairs Bureau.
Research has synthesized the above data and
information to carry out forest ecological benefit
assessment. According to the forestry industry
standards promulgated by the State Forestry
Administration, the calculation method of the
physical quantity and value index of forest
ecological benefits is determined in conjunction
with the actual situation of forest resources in
Zhalantun City.

Soil conservation. Forest conservation soil
includes forest solidification and fertilizer
conservation [21], among them, forest fertilizer
conservation includes N, P, K and organic matter.
To reduce the degree of soil erosion to evaluate the
function of forest soil fixation, use alternative cost
method to convert forest soil retention into proper
earthwork, and then calculate the value of soil
fixation according to the corresponding project cost.
The formula is as follows.
$ ;   ; u &6
(3)
8
)6

U

Q

;   ;  $ ¦ SL S L SL

8 ))

In the formula (3) and (4), UFS- Forest solid
soil value, Yuan/a. X2- Modulus of soil erosion in
non-forest land, t/ha. X1- Modulus of forest soil
erosion, t/ha. CS- The cost of excavating and transporting unit volume of earthwork, Yuan/m3. ȡ- The
bulk density of forest soil, t/m3. UFF- The value of
forest fertilizer, Yuan. p1i - N, P, K content in

p2i - Proportion of N, P, K converted
into fertilizer, %. p3i - Market sales price of various
forest soil, %.

fertilizers, Yuan / t. i- Types of fertilizers, i = 1,
2, ... , n.
Forest agricultural protection. Forest
agricultural protection refers to the increase in crop
yields due to the presence of forests and farmland
protection forests, which is replaced by value
assessment. The formula is as follows.
Q

8 )$3

Water conservation. The forest ecosystem
has functions such as water storage, runoff
regulation, flood reduction and water purification,
and water quality purification. The function of
water conservation is realized through 3 action
layers (canopy layer, litter layer and forest soil
layer). Conservation of water source function can
coordinate the water balance of forest ecosystem
[10]. The value of water conservation services
includes two indicators: regulating water quantity
and purifying water quality. The value of water
conservation services is evaluated using the shadow
engineering method. The formula is as follows.

85
83

$& 6 3  (  &
.$ 3  (  &

(4)

L 

5 ¦ 4L $L& L

(5)

L 

In the formula (5), UFAR- Forest agricultural
protection value, Yuan. R- The average yield of
crops in the evaluation unit, %. Qi- Class i crop
yield per unit area, kg/ha. Ai- Planting area of the ith crop, ha. Ci- The price of the i-th crop, Yuan/kg.
Carbon fixation and oxygen release. Carbon
fixation and oxygen release refers to the functions
of forest vegetation, soil and microorganisms to fix
carbon and release oxygen. In the forest ecosystem,
forest vegetation and soil are two important carbon
pools that should be calculated separately.
According to the equations of photosynthesis and
respiration, it is known that for every gram of dry
matter produced in a forest, it needs to absorb 1.639
grams of carbon dioxide and release 1.199 grams of
oxygen [22].

(1)

(2)
In the formula (1) and (2), UR- Forest
ecosystem regulates water value every year, Yuan/a.
A- The stand area (the same below),ha. CS- Forest
water storage price, Yuan/m3. P- Amount of
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(1) Carbon sequestration value. The
calculation methods for the economic value of
forest carbon sequestration are different at home
and abroad, and are more controversial. The current
calculation methods for the economic value of
forest carbon sequestration include carbon tax law,
afforestation cost method and damage avoidance
cost method. In order to be in line with international
standards and consider the actual situation of
afforestation, the carbon tax law and afforestation
cost method were adopted comprehensively and the
median value is taken. The formula is as follows.
(6)
8 9&6
& & u  u 5& u $ u % $
(7)
8 6&6
& & u $ u )6&6
In the formula (6) and (7), UVCS- Forest
vegetation carbon sequestration value, Yuan. CCCarbon fixation price, Yuan/t. Rc- Carbon content
in carbon dioxide, 27.29%.
BA- Stand net
productivity (same below), t/ha. USCS- Forest soil
carbon sequestration value, Yuan. FSCS- Annual
soil carbon sequestration per unit area of forest, t/ha.

Fresenius Environmental Bulletin

the annual average precipitation was 755.2 mm.
Annual forest evapotranspiration was 707 mm.
Evapotranspiration rates of various tree species:
larch (0.639), Pinus sylvestris (0.501), oak (0.750),
birch (0.615), black birch (0.646), poplar (0.694),
poplar (0.610), willow (0.707 ) And elm (0.573).
Capacity and investment of newly built reservoirs:
6.405 million cubic meters, 37.865 million Yuan.
The commodity price of water is 3.25 Yuan/m3.
According to previous research results at home and
abroad, there was little or no surface runoff in the
forest land. After the precipitation reached the
forest land, it was mainly output in the form of deep
infiltration, soil runoff or underground runoff [2324].
Simultaneously,
according
to
field
investigations and studies, the effects of
interception, storage and precipitation of the litter
layer covering the forest land in Zhalantun area
prevent the surface runoff from occurring in the
forest land. This assessment can be ignored. The
average storage capacity investment of the unit in
Zhalantun was 5.945 Yuan/m3. The amount of
forest conservation water source was 1.6 × 109 m3,
the value of regulated water volume was 97.53 ×
108 Yuan, the value of purified water quality was
53.32 × 108 Yuan, and the value of forest
conservation water source was 150.85 × 108 Yuan.
The differences in the value of water conservation
services between forest species were showed in
Table 2-Table 3.
It can be seen that the value of water resources
for forest conservation per unit area was RMB
12,700/(ha.a) from Table 2 and Table 3. The
highest water conservation value per unit area of
black birch was 24,100 Yuan/(ha.a), followed by
willow [19,300 Yuan/(ha.a)], and the smallest
poplar was 0.44 million Yuan / (ha.a).

(2) Oxygen releasing value. The oxygen
release value is comprehensively calculated using
the industrial oxygen production and afforestation
cost method, and the median value is used to
calculate. The formula is as follows.
8 )25
& )25 u  u $ u % $ (8)
In the formula (8), UFOR- Forest oxygen
release value, Yuan. CFOR- Oxygen release price,
Yuan/t.

RESULTS
Water conservation. From the average
monthly precipitation in Zhalantun City in 2013,

TABLE 2
Water conservation value of unit area on different forest types in Zhalantun City
Forest type

Larix
spp
ˊ

Mongolica
Litv

Xylosma
racemosum

Betula
platyphylla
Suk.

Betula
davurica
Pall.

Populus
davidiana

Populus
L.

Salix
babylonica
L.

Ulmus
pumila.

Water
conservation
value per unit
area /104
Yuan/(ha.a)

0.52

0.78

1.67

1.25

2.41

1.92

0.44

1.93

0.70

TABLE 3
Forest water conservation value in Zhalantun City
Forestry
bureau

Forest stand
area/ha

Regulating
water value/108
Yuan/a

Purification
value/108 Yuan/a

Total value of water
conservation/108
Yuan/a

Chaihe
Nanmu
Zhalantun city
Others
Total

327767
173559
480816
204938
1187080

26.93
14.26
39.50
16.84
97.53

14.72
7.80
21.60
9.20
53.32

41.65
22.06
61.10
26.04
150.85
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Water
conservation value
per unit area/104
Yuan/(ha.a)
1.27
1.27
1.27
1.27
1.27
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Soil conservation. The annual soil erosion
modulus of water loss and soil erosion without
forest land was 17.66t/ha.a, and the forest soil
erosion modulus of each forest species (t/ha.a)
Larch (0.14), Pinus sylvestris (0.10), oak (0.12),
white birch (0.13), black birch (0.11), poplar (0.14),
poplar (0.13), willow (0.13) and elm (0.12). Forest
soil bulk density is 1.4t/m3(Zhalantun Forestry
Bureau, 2013). The fixed cost of the unit for earth
excavation is 8.57 Yuan/m3 (Zhalantun Water
Affairs Bureau, 2013). The urea nitrogen content is
46%, the superphosphate content is 12%, and the
potassium chloride content is 50%. The price of
urea is 1.80 Yuan / kg, the price of superphosphate
is 0.59 Yuan / kg, and the price of potassium
chloride is 3.85 Yuan / kg (Zhalantun Agriculture
and Animal Husbandry Bureau, 2013). According
to the long-term monitoring data and research
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results of Zhalantun Forest Ecological Station, the
soil nutrient content of each forest type was
obtained as shown in Table 4.
The value of forest solid soil is 1.27 × 108 Yuan, the value of fertilizer retention is 604.12 × 108
Yuan, and the value of forest conservation soil is
605.39 × 108 Yuan in Zhalantun city. The differences in the value of soil conservation services
among forest species were showed in Table 5 and
Table 6.
As can be seen from Table 5 to Table 6, the
value of conservation soil per unit area was
45878.26 Yuan / (ha.a). The highest value of soil
conservation per unit area of black birch was
64384.38 Yuan / (ha.a), followed by oak tree was
60528.74 Yuan / (ha.a), and the smallest poplar was
27064.51 Yuan / (ha.a).

TABLE 4
Contents of nitrogen, phosphorus, potassium and organic of different forest types in Zhalantun city(%)
Forest type
Larix sppˊ
mongolica Litv
Xylosma
racemosum
Betula
platyphylla Suk.
Betula davurica
Pall.
Populus
davidiana
Populus L.
Salix babylonica
L.
Ulmus pumila.

Nitrogen
content in
woodland soil
0.098
0.117

Phosphorus
content in woodland soil
0.084
0.087

Potassium
content in woodland
soil
2.674
2.151

Organic content
in woodland soil
2.284
2.566

0.119

0.114

2.949

3.346

0.079

0.080

1.084

3.338

0.100

0.119

3.290

3.222

0.077

0.080

1.250

1.582

0.113

0.128

2.723

1.195

0.109

0.090

2.166

2.808

0.095

0.125

2.115

1.463

TABLE 5
Soil conservation value of unit area on different forest types in Zhalantun city
Forest type

Conservation
soil value per
unit area/
Yuan /(ha.a)

Larix
sppˊ

mongoli
ca Litv

Xylosma
racemos
um

Betula
platyphy
lla Suk.

Betula
davurica
Pall.

Populus
davidian
a

Populus
L.

50386.9
9

45159.5
5

60528.7
4

34705.6
5

64384.3
8

27064.5
1

45454.6
4

Salix
babylonic
a L.

Ulmus
pumila
.

46626.74

38593.
17

TABLE 6
Value of forest soil conservation in Zhalantun city
Forestry bureau

Annual soil
value/104
Yuan/a

Annual fertilizer
value/104 Yuan/a

Total value of soil
conservation per
year/104 Yuan/a

Total value of soil
conservation per
year/108 Yuan/a

Chaihe
Nanmu
Zhalantun city
Others
Total

3517.25
1862.44
5159.57
2199.18
12738.45

1648761.81
780689.56
2902899.25
708851.01
6041201.63

1652279.06
782552.00
2908058.82
711050.20
6053940.08

165.23
78.26
290.81
71.11
605.39

11258

Annual
conservation soil
value per unit area/
Yuan /(ha.a)
50410.17
45088.53
60481.74
34695.87
50998.59
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Forest agricultural protection. The crop
planting area (thousand hectares), annual total output (ten thousand tons) and annual increase output
(ten thousand tons) of Zhalantun: corn (186.87,
114.92, 383.08), soybean (20.00, 4.50, 15.00), rice
(2.67, 2.20, 7.34), wheat (3.80, 1.14, 3.80), grains
and beans (2.00, 0.45, 1.50), potatoes (10.67, 5.92,
19.74), sunflower (6.67, 2.00, 61.03).
According to relevant research results, the
existence of farmland shelterbelts can cause the
best wind speed. The existence of farmland
shelterbelts can increase the content of soil life
elements and erosion resistance, improve land and
increase farmland biological productivity. As early
as 1908 and 1935, Bates of the United States
investigated forested farmland in Nebraska and
South Dakota, respectively. The results showed that
under the same conditions of technology and other
factors, there was more production in forested land
than farmland without forestland 5%- 10% [25]. The
average annual yield of crops evaluated was 7.5%.
According to the total annual crop output and the
annual crop output value provided by the Zhalantun
Municipal Agriculture and Animal Husbandry
Bureau, the average annual price of various crops
can be obtained. The annual increase value of
various crops in Zhalantun was calculated
comprehensively as shown in Table 7.
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As can be seen from Table 7 and Figure 1
below, the output of crops in Zhalantun was 0.05 ×
108 t, and the forest agricultural protection value
was 98.02 × 108 Yuan in 2013.
Among them, the maximum yield increase
value of corn was 5.746 billion Yuan / a,
accounting for 58.6% of the total annual yield
increase value of all kinds of crops. The leastincreased production value of coarse cereals bean
was 602 million Yuan / a, accounting for 0.6% of
the total annual yield increase value of all kinds of
crops. These crops were closely related to human
life. It showed that forests not only provide a good
living environment for human beings but also
promote economic development, which was
conducive to improving the living standards of
human beings.
Carbon sequestration and oxygen release.
The wood basic density of each forest type adopts
previous research results (g /m3). Larix [26] was
0.481; Pinus sylvestris [27] was 0.397; Tussock [28]
was 0.507; White Birch [29] was 0.458; Black
Birch [30] is 0.487; Aspen [31] was 0.401; Poplar
[32] was 0.493; Willow [33] was 0.512; Elm [34]
was 0.500. Combining the basic density of forest

TABLE 7
Annual unit yield inceement on different crops types in Zhalantun city
Category
corn
soybean
rice
wheat
Coarse cereals
bean
potatoes
sunflowers
Total

Annual production/104
t/a

Increase of yearly
production /104t/a

Annual
output
value/104 Yuan /a

The average
price /Yuan/t

114.92
4.50
2.20
1.14

383.08
15.00
7.34
3.80

172380.00
20700.00
3938.00
2622.00

1500.00
4600.00
1790.00
2300.00

Annual yield
increase/108
Yuan/a
57.46
6.90
1.31
0.87

0.45

1.50

1845.34

4100.75

0.62

5.92
2.00
131.13

19.74
61.03
491.49

10182.40
9000.00
220667.74

1720.00
4500.00
-

3.40
27.46
98.02

FIGURE 1
Annual yield increase value of different crops
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trees and timber with Table 1, the net productivity
of forest stands of various forest types was showed
in Table 8.
The carbon sequestration price was based on
the EU ETS average price of 4 euros / t and the
minimum carbon sequestration cost of Zhalantun
afforestation at 596.85 Yuan / t [35]. The price of
oxygen was the median of the average price of 375
Yuan / t for industrial steel smelting and the
minimum oxygen release cost for afforestation.
According to the measured data and research results
of Zhalantun City for many years, the annual
carbon sequestration (soil sequestration rate) per
unit area of soil of different forest types was sorted
out. Annual carbon sequestration of vegetation and
soil of various forest types calculated by the study,
according to the annual productivity per unit area of
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forest, the ratio of carbon dioxide to carbon
(forestry industry standard, 2008), and the annual
carbon sequestration per unit area of soil. Based on
the average price of carbon fixation and oxygen
release, the annual carbon fixation value, annual
oxygen release value and total annual carbon
fixation and oxygen release of each forest type in
Zhalantun can be calculated by formulas (6), (7)
and (8). The value was showed in Table 9.
It can be seen from Table 9, the annual carbon
sequestration value of Forest was 1,057.52 × 108
Yuan, the value of oxygen release was 1,514.64 ×
108 Yuan, and the value of carbon fixation and
oxygen release was 2,572.15 × 108 Yuan in Zhalantun. The value of carbon fixation and oxygen release per unit area was 317338.41 Yuan / (ha • a).
Among the forest species, the annual value of

TABLE 8
Trees productivity per unit area of different forest types in Zhalantun city(t/ha.a)
Forest type

Young
plantation
3.348

Half-mature
forest
1.760

Near-mature
forest
0.611

Larix sppˊ
mongolica
0.163
0.929
0.619
Litv
Xylosma
0.548
0.862
0.608
racemosum
Betula
platyphylla
1.172
1.388
0.802
Suk.
Betula
0.925
1.052
0.541
davurica Pall.
Populus
1.247
1.203
1.299
davidiana
Populus L.
0.380
1.159
0.942
Salix
0.435
0.835
0.737
babylonica L.
Ulmus pumila. 0.925
0.695
0.355
Average
1.016
1.098
0.724
Note: the average value in the table is the area weighted average value.

Mature
forest
0.077

Overmature
forest
0.000

1.159

0.437

0.000

0.430

0.380

0.000

0.480

0.431

0.380

0.835

0.511

0.000

0.606

0.377

0.000

0.825

0.577

0.518

0.715

0.589

0.026

0.524

0.300
0.409

0.000
0.103

0.455
3.349

Average

TABLE 9
Annual values of carbon fixation and oxygen release on different forest types in Zhalantun city
Forest type

Larix sppˊ
mongolica Litv
Xylosma
racemosum
Betula
platyphylla Suk.
Betula davurica
Pall.
Populus
davidiana
Populus L.
Salix babylonica
L.
Ulmus pumila.
Total

222371.3
967.6

14.73
1.79

482.12
7.18

Value
of
carbon
Annual
carbon
sequestration
and
sequestration
and
oxygen release per
oxygen
release
unit
area
per
value/108 Yuan /a
year/Yuan /(ha.a)
496.85
223432.61
8.97
927035.97

174707.6

334.41

260.03

594.44

340248.51

103586.1

204.33

181.51

385.84

372482.41

241948.5

377.99

250.59

628.58

259799.09

41338.3

74.09

50.24

124.33

300762.25

14837.7

26.65

113.54

140.19

944822.98

7457.3

13.59

42.47

56.06

751746.61

3324.1
810538.5

9.94
1057.52

126.95
1514.64

136.89
2572.15

4118107.16
-

Annual oxygen
Annual
carbon
release
Forestry area/ha sequestration
value/108 Yuan
8
value/10 Yuan/a
/a
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carbon fixation and oxygen release per unit area of
elm was 4118107.16 Yuan / (ha.a), followed by
poplar was 944822.98 Yuan / (ha.a), and the smallest larch was 22432.61 Yuan / (ha.a) .
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CONCLUSIONS AND DISCUSSION

(ha.a), the smallest Populus alba was 27064.51
Yuan / (ha.a). The value of water conservation per
unit area was 12,700 Yuan / (ha.a). The value of
water conservation per unit area of black birch was
up to 24,100 Yuan / (ha.a), followed by willow was
19,300 Yuan / (ha.a), the smallest Poplar was 0.44
million Yuan / (ha.a). The maximum output value
of corn was 57.46×108 Yuan/a, accounting for
58.6% of the total annual output value of various
crops. The grains and beans with the smallest
increase in production value were 0.62×108Yua/a,
accounting for 0.6% of the total annual increase in
output value of various crops.
b) At present, for the evaluation of the value
of forest ecosystem services, due to the immature
technical means and limited understanding or even
misunderstanding of cross-disciplines such as
ecology, forestry, economics, etc., the research
conclusions were inconsistent or even wrong. In
addition, the evaluation of forest ecosystem service
value was generally limited to the study of a certain
area, the results were not comparable, and the
actual promotion was of little significance. The
index system cited by the research institute cannot
accurately reflect the real situation of the forest
ecosystem in Zhalantun. And limited by the unity
of survey data and methods, the value of ecosystem
services included in the research was only a rough
estimate. However, expressing the value of forest
ecosystem services in the form of economic value
was helpful for a clearer understanding of the value
of forest ecosystem services, and can provide a
basis for forestry management in the region, as well
as provide guidance for China's economic and
ecological policy trends.

Conclusions. a) The study assessed the value
of the forest ecosystem services in Zhalantun for
the first time, combining the data obtained from the
second-class forest resource survey, statistical
yearbook and field investigation of Zhalantun City.
The results showed that the total value of the main
services of the Zhalantun forest ecosystem was
3,426.41×108 Yuan in 2013. Among the service
values, carbon fixation and oxygen release
(2,572.15×108 Yuan) and conservation soil
(605.39×108 Yuan) are the highest, accounting for
75.07% and 17.67% of the total value of the
assessment, respectively, and the two service values
account for 92.74% of the total value . The value of
carbon fixation and oxygen release per unit area
was 317,300 Yuan / (ha.a).The maximum value of
carbon fixation and oxygen release per unit area of
elm was 4118107.16 Yuan / (ha.a), followed by
poplar was 944822.98 Yuan / (ha.a), and the
smallest larch was 223432.61 Yuan / (ha.a). The
value of soil conservation per unit area was 45,900
Yuan / (ha.a), the highest value of soil conservation
per unit area of black birch was 64384.38 Yuan /
(ha.a), followed by oak tree was 60528.74 Yuan /

Discussion. Forests were the main body of
terrestrial ecosystems. They can not only provide
wood and forest by-products, but also play a variety
of ecological services such as water conservation,
soil conservation, carbon fixation and oxygen
release [36-37]. Asah et al. [38] pointed out that
forest ecosystem was closely related to climate
environment,
water
conservation,
waste
decomposition, etc. It can be seen that ecosystem
services was of great significance to mankind. If the
current status of Zhalantun forest resources was
maintained, the value of carbon fixation and oxygen
release provided by the forest ecosystem was 2
572.15 × 108 Yuan, the value of water conservation
was 150.85 × 108 Yuan, and the value of
conservation soil was 605.39 × 108 Yuan. It can be
seen that forest ecosystem services was of great
value and sustainable. Each service has the highest
value of carbon fixation and oxygen release per unit
area [31.73 million Yuan / (ha.a)], followed by soil
conservation [459,000 Yuan / (ha.a)] and water
conservation [12.700 Yuan / (ha .a)]. This may be
related to the higher prices of carbon fixation and
oxygen release. In terms of carbon fixation and

Comparison of ecosystem service value. The
main service value of the Zhalantun forest ecosystem was ranked and the proportion of the total service value was as follows in 2013. Carbon fixation
and oxygen release (75.07%)> Conservation of soil
(17.67%)> Conservation of water (4.40%)> Forest
agricultural protection (2.86%) as shown in Figure
2.

FIGURE 2
Comparison on ecosystem services benefit
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oxygen release services, although Pinus sylvestris
var. mongolica has greater annual carbon fixation
and oxygen release value per unit area [4118107.16
Yuan / (ha.a)] than other forest species, its area
(3324.1 ha) was very small. Its annual carbon
fixation and oxygen release value was very low,
only 13.689 billion Yuan. The Pinus sylvestris var.
Mongolica also has a value of 927035.97 Yuan /
(ha.a) per unit area. However, the area of Pinus
sylvestris var. Mongolica was only 967.6 ha,
resulting in a low annual carbon fixation and
oxygen release value of only 897 million Yuan.
Conversely, if more such forest species were
planted, the service value provided by the forest
ecosystem in Zhalantun will be greater each year.
This is of great significance to the local rational
management and optimal use of forest resources.
Related research results showed that forest
ecosystem service value was much higher than
direct use value. Such as Chunxia Lu et al. [39]
evalu ated the service function of the Tibetan
Plateau ecosystem. The results showed that the ratio
of the economic value of plateau ecosystem
products to the value of ecological service functions
was 1:70, that is, the value of ecological services
was much higher than the direct use value.
Xinwang Xu[40] evaluated the value of forest
ecosystem services in Anhui Province, the results
showed that ecological, economic and social
benefits each account for 74.13%, 19.67% and
6.20% of the total value of the forest ecosystem.
However, some ecosystem service benefits of
Zhalantun City had not been fully utilized, for
instance, the value of conservation soil accounts for
only 17.67% of the total value of assessment, the
value of conservation water accounts for 4.40%,
and the value of forest protection accounts for
2.86%. This result reflects the severe degradation of
local forests and grasslands and other ecological
resources in Zhalantun. This brings with it
problems such as soil erosion, reduced species
numbers, reduced quality, and reduced food
production. Therefore, Zhalantun City should
increase protection of ecological resources, control
of soil erosion and protection of cultivated land.
Zhalantun should continue to implement measures
such as returning grazing to forests and grasses,
grazing prohibited areas, grazing prohibited periods,
etc. Vigorously promote the construction of
artificial forests and grasslands, establish a longterm protection mechanism to achieve the balance
of people, animals, and resources; build a
watershed control and dynamic monitoring system
based on small watersheds as a unit. Build flood
interception trenches, supplementary prevention
and other facilities in areas with severe soil erosion,
and build soil and water conservation forests, bank
protection forests, etc. on hillsides, hilltops, rivers,
and river banks. Actively transform slope farmland
in agricultural areas, vigorously create farmland
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protective forests, establish an accountability
system for farmland protection responsibility,
improve the land acquisition compensation system,
and continue to implement orderly land withdrawal
and improve the quality of farmland for unsuitable
farming.
The development of ecosystem service value
evaluation research has enabled forest ecosystem
services to be reflected in the form of economic
value, allowing people to more intuitively
recognize the value of forest ecosystem services.
Not only has it raised the awareness of ecological
and environmental protection, it has also provided a
management basis for decision-makers in relevant
departments. Based on this, the research carried out
the value evaluation of the main services of the
forest ecosystem in Zhalantun City. So far there
were three main methods for quantitative
assessment of ecosystem service value, emergy
analysis method, value evaluation method and
material quality evaluation method. The three
methods have their own advantages and
disadvantages in the evaluation process, and the
value evaluation method is the most widely used.
The value-quantity evaluation method generally
reflects the exchange value, and is suitable for
providing a reference basis for the decision-making
of certain projects. The valuation method of value
mainly includes shadow price method, shadow
engineering method, market value method, human
capital method, conditional value method,
opportunity cost method, etc. The emergy analysis
method is mainly used to judge the development
status of society and nature. A series of indicators
are commonly used to connect the economic system
and the natural system, but too simplification often
leads to misleading or inaccurate assessment results.
The physical quality evaluation method is often
used in large-scale evaluations, which is more
meaningful than the value evaluation method. It can
reflect the structural functions and ecological
processes of the system, and is suitable for studying
the sustainability of ecosystem services. Therefore,
the research adopted the value evaluation method
and has certain innovation. For example, in the
evaluation of carbon sequestration, in order to be in
line with international standards and consider the
actual situation of afforestation, the carbon tax law
and afforestation cost method have been adopted
comprehensively. Instead of using a single method
of evaluation in the past, the results were more
reasonable. In the evaluation of oxygen release,
industrial oxygen production and afforestation cost
methods were also adopted comprehensively. Later
stage the study will continue to carry out
investigation and research on biodiversity
evaluation. At present, the academic community
mainly used the Shannon-Wiener index method for
evaluation. The Shannon-Wiener index method was
more prominent than the willingness-to-pay method
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in the species diversity in the forest environment,
avoiding subjective influences. The disadvantage of
Shannon-Wiener index method was that the value
of rare species was underestimated, and the impact
of endangered species and price fluctuations on the
conservation value of species was not considered.
This method will be improved later. For example,
high-throughput barcode technology (matabar
coding) can be used to monitor and evaluate
biodiversity. High-throughput barcode technology
made extensive use of advanced statistical methods
such as DNA barcodes and bioinformatics. So the
result was faster and more reliable. Taking control
measures in advance can also reduce the cost of
prevention and control, and lay the foundation for
biodiversity and environmental protection.
In recent years, "3S" (GPS, RS, GIS)
technology has developed rapidly. Its powerful
spatial information acquisition and spatial data
processing capabilities were used by more and
more scholars to evaluate the value of ecosystem
services [41]. The disadvantage of 3S was that it can
only dynamically evaluate the spatialization of
some functions of ecosystem services, and there
were still certain limitations in the valuation of
culture and tourism. There were large differences in
the final results due to the choice of ecosystem
service assessment methods, complexity and
intersection of the ecosystem structure itself, as
well as the differences and limitations of scholars'
understanding of ecosystem services. The use of
model methods to carry out ecosystem service
assessment has great advantages. The biggest
feature of the model method was that it can
simplify realistic and complex problems without
distortion. Therefore, it was often used in the
research of natural sciences and social sciences.
This concise and succinct treatment has greatly
reduced the differences in the evaluation of
ecosystem service values, and it was more able to
grasp the essence of ecosystem services, so that the
ecological environment and human society can
achieve coordinated and sustainable development.
For example, there were already scholars [42] used
the InVEST model to carry out the assessment of
the quality and value of ecosystem services. The
InVEST model based on the GIS platform can
combine the advantages of RS and GIS to simulate
the real situation. The data of the map can be used
as the information source and the map can be
output to realize the spatial display, which can not
only solve the spatialization problem of quantitative
assessment of ecosystem service functions, but also
dynamically assess ecosystem services. This
provided new tools and methods for the assessment
of ecosystem services and was an effective tool for
decision-makers to plan.
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Highlights. • The study reflects the forest
ecosystem services as economic value in order to
strengthen people's understanding of forest
ecological benefits and improve ecological
protection awareness, and provide a basis for
forestry management.
• In the Hypothesis for part of the ecological
benefits of forests are not fully utilized, such as soil
conservation and water conservation, which may
cause forest and grassland degradation, biodiversity
index and food yield reduction.
•Results showed that the total value of the
main services of the forest ecosystem in the region
is very high, but due to the low protection of
ecological resources, the local forests and
grasslands are seriously degraded, and some
ecological benefits have not been fully utilized.
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the soil to the lakes and sea [6]. Then, the consumption of this water affects people, animals and plants
as a matter of course [3, 7]. Any changes to the ecosystem indirectly affect all assets within the system
[1, 3]. Cypermethrin, known as insecticide, is a synthetic pyrethroid [1]. Pyrethroids are chemicals used
in more than 30% of the world [5]. One of the studies
was reported that cypermethrin had carcinogenic activity for Swiss albino mice [8]. Because of this
property of cypermethrin, many studies have been
carried out using different methods for removing it
from nature [9, 10, 11]. Cypermethrin
(C22H19Cl2NO3) is a carboxylic ester resulting from
the formal condensation between 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylic acid and
the alcoholic hydroxy group of hydroxy(3-phenoxyphenyl) acetonitrile. It is an agrochemical and an organochlorine compound, a nitrile, an aromatic ether
and a cyclopropane carboxylate ester. Molecular
structure of cypermethrin is shown in Figure 1.
In this study, cypermethrin was characterized
by IR spectroscopy. To remove cypermethrin from
soil, pumice was used for adsorption material.
The formation of pumice, a volcanic stone, is
described in some works [12, 13]. Pumice, with a
large surface area due to the presence of many micro-pores in the structure, shows high absorbance
feature [12, 14, 15, 16]. Micro-pores and channels in
the surface of pumice permit the sorption on toxic
ions [17]. Pumice is cheap, easy to supply, moreover
it is a natural material [18]. Therefore, it is used in
many fields such as water filtration, textile and construction [12, 19, 20, 21].
In this study, it is planned that pumice can be
used in order to reduce the insecticide exposure to
the soil.
We aimed to keep ecosystem by protecting the
soil from insecticide. Thus, it is aimed that we can
protect the ecological system more by polluting the
soil less. In this point of view, we used pumice as
molecular sieves for adsorption of cypermethrin on
different pumice samples.

ABSTRACT
Removing pesticide from soil is a general problem in the world. In this study, because it is commonly used, cypermethrin has been chosen as an insecticide sample. Three types of pumice which were
WDNHQIURP$NVDUD\1HYúHKLUDQG,VSDUWDZHUHXVHG
as adsorbent for cypermethrin. The adsorption process took place in laboratory conditions. The IR
peaks of cypermethrin adsorbed on pumices were
observed at 1489 and 1449 cm-1. The symmetric CCl vibration appeared at 691 cm-1 in fingerprint region. The band of spectra after adsorption in all pumices was seen at 693 cm-1. The presence of some IR
peaks of cypermethrin on pumice, is the evidence of
adsorption. ICP-OES method was used to investigate
whether pumice is hazardous when transported to
lake water for ecological cycle. The results of ICPOES indicated that metal transitions from pumice to
lake water were observed. And also, in liquid samples, ICP-OES results show that NO3- ion rate is
higher in the lake water samples from which were
taken near non pesticide zone than frequently used
areas. ICP-OES results show that there is no effect
of pumice on water quality for lake.
KEYWORDS:
IR spectroscopy, pumice, cypermethrin, environment, agriculture, adsorption

INTRODUCTION
There has been increasing demand of the agricultural crops in recent years due to population
growth. Increases in demand make it necessary to
improve cultivation and applications of fertilizers
and pesticides [1]. The use of insecticide has gone up
significantly with the increase of agricultural products. Although the insecticide has many benefits in
the development of the product, its harmful effects
are also quite high [2, 3, 4, 5]. During these applications, the soil is greatly affected. Insecticides given
to the trees are inevitably poured into the soil and it
leads negative effects. Unfortunately, this process
affects the seeds and the quality of soil terrifically
and the rain and ground water are transported from
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Adsorption Experiment 1. First of all,
$NVDUD\ $3 1HYúHKLU 13 DQGIsparta (IP) pumice samples were measured at 2 g of each; second,
3XPLFHVDPSOHVZHUHJURXQGLQDJDWHPRUWDU/DWHU
solution was prepared by combining 1 m/ of cypermethrin with 3 m/ of purified water. Then the prepared diluted solution was sprayed until it covered
three different types of the pumice. Each of them was
stirred occasionally in the ultrasonic stirrer at room
temperature for 48 hours. They were filtered and
dried at room temperature. So, we have obtained 3
different solid samples. The samples which cypermethrin adsorption on AP, NP, IP are shortened by
APC, NPC and IPC, respectively. IR spectra of the
samples were recorded. And also, IR spectra of pure
pumices (AP, NP, IP) were recorded.

MATERIALS AND METHODS
Materials and chemical. In this study, 3 kinds
of pumice samples were used. These are from
$NVDUD\ 1HYúHKLU DQG ,VSDUWD 7KH\ DUH FDOOHG
$NVDUD\ 3XPLFH $3  1HYúHKLU 3XPLFH (NP) and
Isparta Pumice (IP), respectively. Pumice samples
used in the experiment were used in the raw state and
only they were ground in agate mortar. In addition,
cypermethrin (C22H19Cl2NO3) provided by the HekWDú/7'ZDVXVHGDVLQVHFWLFLGHLQDJULFXOWXUDODS
plications in Turkey, without further purification.
Water samples were taken from two different locaWLRQVLQ(÷LUGLU/DNHLQ$XJXVW7KHVDPSOLQJ
coordinates were marked with the Google Maps/
Google Earth application. The first location is Barla
(B) "37°50'52.1"N 30°51'28.4"E " it is an agriculWXUDOSODFHDQGWKHVHFRQGORFDWLRQLV.|SUEDúÕ . 
"38°00'04.0"N 30°49'00.5"E" it is a settlement place
of shore.

Adsorption Experiment 2. On the other hand,
three different types pumices grounded and they
were measured at 5 g of each. Each of pumice samples was mixed occasionally with 2 different types
of 500 m/ of lake water at room temperature for 48
hours. Next, the pumice samples were filtered, dried
and collected. The names of these solid samples
were called as APK, NPK, IPK, APB, NPB, IPB.
7KHOLTXLGVDPSOHVZHUHFROOHFWHGDOVR/DNHZDWHU
samples which were treated by pumice were named
as APK-/13.-/,3.-/$3%-/13%-/,3%-/
2 of liquid raw samples were named as K, B (directly
collected from the lake). Anions and cations of these
samples were investigated by ICP-OES analysis.

FT-IR. The Fourier Transform Infrared Spectroscopy (FTIR) is used to record the spectra of the
samples with Perkin Elmer spectrometer in range of
4000-400 cm-1, using KBr pellet technique in
MAKU (Burdur Mehmet Akif Ersoy University),
Scientific and Technology Application and Research
Center, Burdur, Turkey.
ICP-OES. Inductively coupled plasma optical
emission spectroscopy (ICP-OES) of samples were
recorded with Perkin Elmer, Optima 2100DV Spectrophotometer using ion chromatography for the
concentration of anions and cations in SDU (Süleyman Demirel University) Engineering Faculty, Geology Department, Research Centre for Geothermal
Energy, Groundwater and Mineral Resources,
Isparta, Turkey.

RESULTS AND DISCUSSIONS
FT-IR Results. IR spectrum of the cypermethrin used in this study is given in Figure 2, and the
spectra of AP and APC, NP and NPC, lastly IP and
IPC are given Figure 3, Figure 4 and Figure 5, respectively.

FIGURE 1
Molecular structure of cypermethrin
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FIGURE 2
IR spectrum of Cypermethrin

FIGURE 3
IR spectra of APC and AP

FIGURE 4
IR spectra of NPC and NP
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FIGURE 5
IR spectra of IPC and IP
TABLE 1
Assignment of all IR spectra were given as wavenumbers (cm-1)
Cypermethrin
Assignments
3028
Qs(C-H)
2928
Qas(C-H)
2876
Qs(C-H)
1742
Qas(C-C)
1589
Qs(C-C)
1487
G (C-H)
1454
R-CH2-CN
1242
aryl-O stretch out of phase C-O-C
1124
Qs(C-O-C)
1077
Qs(C-O-C)
996
Terminal dihalovinyl group
921
Cyclopropane ring
769
G (C-H)
691
Qs(C-Cl)
Qs; symmetric vibration, Qas; asymmetric vibration, G;deformation

All spectral data of Figure 2, Figure 3, Figure 4
and Figure 5 is summarized in Table 1. Assignments
of cypermethrin before and after adsorption were
given by wavenumbers. The raw pumice samples
which were AP, NP and IP were not mentioned in
Table 1. Inorganic structure of pumice does not affect the adsorption of organic molecules. Shortly, as
it is mentioned on the bands of raw pumice samples:
AP, NP and IP. The bands between 3463-3446 cm-1
are assigned as O-H vibration. In fingerprint region,
the peaks at the range of 1020-1035 cm-1 are attributed to O-Si-O band. The peaks at almost a700
cm-1 in all raw pumices can be assigned to O-H deformation band [14].
The symmetric stretching C-H vibration appears at 3028 cm-1 in the spectra of cypermethrin. It
was observed near the 2959 cm-1 for adsorption of
cypermethrin on pumices. In addition, the bands at
2928 cm-1 and 2876 cm-1 were assigned to the C-H
asymmetric and C-H symmetric modes of cypermethrin, respectively. The band of cypermethrin ad-

APC
2959
2929
2873
1742
1586
1488
1449
1247
1127
1077
999
921
782
693

NPC
2958
2929
2872
1742
1586
1488
1449
1246
1127
1076
998
921
782
693

IPC
2958
2929
2873
1742
1587
1489
1449
1246
1127
1076
999
921
780
694

sorbed on pumices (APC, NPC and IPC) was observed at 2929-2873, 2925-2872 and 2929-2873
cm-1, respectively [22, 23]. The carbonyl asymmetric
stretching band of cypermethrin at 1742 cm-1 was
observed at the same wavenumber in all pumices after adsorption [1, 24, 25]. The strong band at 1589
cm-1 is caused by C=C stretching in chloroalkenes of
cypermethrin [4]. The band of cypermethrin was
seen 1587 cm-1 in all pumices. The presence of C=C
stretching of the aromatic rings and CH2 deformation
LQ5&+2&1VWUXFWXUH were observed at 1487 and
1454 cm-1 [4]. The peaks of cypermethrin adsorbed
on pumices (APC, NPC, IPC) were observed at
1489-1449 cm-1, respectively. The band at 1242
cm-1, caused by aryl-O of diphenyl ether, involves
aryl-O stretch, out of phase C-O-C stretching and
ring vibration of cypermethrin [25]. The band was
seen at 1246 cm-1 for all pumice samples. In addition,
strong bands at 1124 and 1077 cm-1 are seen in IR
spectrum of cypermethrin. The bands are assigned to
O-C-O asymmetric and O-C-O symmetrical vibration bands. The bands are shifted to 1127 and 1076
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AP
APB
APK
NP
NPB
NPK
IP
IPB
IPK

Ca
(mg/kg)
27600
27000
27100
14310
13890
13910
29461
28947
29300

Mg
(mg/kg)
14303
14000
14100
5400
5200
5300
9303
9000
8900

Na
(mg/kg)
24100
23800
23700
24500
24300
24100
23000
22740
22500

B
(mg/kg)
268,4
115,6
133,3
107,6
99,92
88,56
89,15
75,00
82,36

Fe
(mg/kg)
18955
18000
18600
18600
18300
18500
22800
22600
22500

Al
(mg/kg)
84605
83571
83510
77000
76800
76500
83024
82500
82800

Mn
(mg/kg)
558,9
552,6
536,7
560,6
548,2
551,3
590,1
545,3
574,8

Ba
(mg/kg)
997
978
984
867
856
855
1278
1250
1256

Total
Hardness
(0f)

Samples

NH4
(mg/L)

TABLE 2
Values obtained from solid samples by ICP-OES

*WHO
**TS266

200
1
250
1
B
9,17
***bdl
201,3
APB-/
9,30
0,03
201,3
NPB-/
9,27
0,02
201,3
IPB-/
9,42
0,02
201,3
K
9,20
bdl
213,5
APK-/
9,22
0,03
213,5
NPK-/
9,27
0,02
213,5
IPK-/
9,44
0,02
213,5
*WHO: World Health Organization drinking water values
[27], ***bdl: below detection limit

NO3(mg/L)

SO4-2
(mg/L)

Cl(mg/L)

CO3(mg/L)

HCO3(mg/L)

B
(mg/L)

Na
(mg/L)

Samples

TABLE 3
The values obtained for liquid samples by using ICP-OES

250
250
50
1,5
50
250
250
50
0,5
500
36,00
7,06
8,71
2,23
0,09
19,8
36,00
7,56
8,70
1,44
0,09
19,8
36,00
7,08
8,89
0,83
0,09
19,8
36,00
7,36
9,18
0,62
0,09
19,8
30,00
7,61
9,27
20,55
0,14
19,8
30,00
6,85
9,20
4,43
0,12
19,8
30,00
7,11
9,01
1,18
0,13
19,8
30,00
7,27
9,19
5,34
0,13
19,8
[26], **TS266: Turkish Standards Institute drinking water values

cm-1 after the removal processing of cypermethrin.
The asymmetric wagging vibration of the terminal
dihalovinyl group, a characteristic vibration peak of
cypermethrin, is attributed to region 910-990 cm-1
[24]. This peak is observed at around 998 cm-1 in
(APC, NPC, IPC). Besides, the cyclopropane deformation ring vibration band assigned to 921 cm-1 was
observed at the same wavenumbers in all samples after adsorption process.
An additional important representing band at
cypermethrin was observed at 691 cm-1 and was assigned to C-Cl stretching vibration mode [23]. The
bands are shifted to 693, 693, 694 cm-1 (APC, NPC,
IPC) respectively.

tion of pumice compared to untreated lake water. Indirectly, it is found out that, some of Na and B elements of pumice are transported to lake water.
NO3- (Nitrate) ion. According to WHO [26]
and TS266 [27] nitrate values were advised as 50
mg// in drinking water. The measured values of
NO3- ion in the water samples from lake (K and B)
were 20,55 mg/  PJ/ UHVSHFWLYHO\ 7KHVH
measured values indicated that amount of NO3- ion
were within the limits of guidelines water quality
values in WHO [26]. The nitrate concentration in
surface water can increase as a result of agricultural
fertilizer, industrial waste or contamination with human or animal wastes [26, 28]. After adsorption process on pumices, it was seen that the value of NO3ion decreased (see Table 3). These results can be estimated adsorption of NO3- ion on pumices [29, 30].

ICP-OES Results. The values obtained for
solid samples are given in the Table 2.
In Table 2, when pure pumice is compared to
lake water, it interacts with pumice samples, it is
seen that amounts of elements are decreased steadily. To make this decrease meaningful in different
amounts of elements, it is thought that all kind of elements (Ca, Mg, Na, B, Fe, Al, Mn and Ba) ought to
SDVVIURPSXPLFHWR(÷LUGLU/DNH
When the data is evaluated for liquid samples
in Table 3, it is observed that the amount of Na and
B elements increases in water samples after adsorp-

SO4-2 (Sulfate) ion. It is generally considered
that SO4-2 ion regarded as taste impairment and maxLPXPSHUPLWWDEOHOHYHOLVPJ/ [26]. There is no
significant result related to the adsorption of SO4-2
ions on pumice (see Table 3).
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[4] Armenta, S., Quintas, G., Garrigues, S. and de
la Guardia, M. (2005) A validated and fast procedure for FTIR determination. Talanta. 67,
634-639.
[5] Garoiaz, H., Berrabah, M., Elidrissi, A., Hammouti, B. and Ríos, A. (2012) Analysis of cypermethrin residues and its main degradation
products in soil and formulation samples by gas
chromatography-electron impact-mass spectrometry in the selective ion monitoring mode.
International Journal of Environmental Analytical Chemistry. 92(12), 1378-1388.
[6] Özcan, M., Özhan S., Gökbulak, F. (2010) Pumice addition effect on available water capacities
of soils. Fresen. Environ. Bull. 19, 1532-1536.
[7] Roy, A., Singh, S.K., Bajpai, J. and Bajpai, A.K.
(2014) Controlled pesticide release from biodegradable polymers. Central European Journal of
Chemistry. 12(4), 453-469.
[8] Shukla, Y., Yadav, A. and Arora, A. (2002) Carcinogenic and cocarcinogenic potential of cySHUPHWKULQRQPRXVHVNLQ&DQFHU/HWWHUV
33-41.
[9] Domingues, V.F., Priolo, G., Alves, A.C., Cabral, M.F. and Delerue-Matos, C. (2007) AdVRUSWLRQ EHKDYLRU RI Į -cypermethrin on cork
and activated carbon. Journal of Environmental
Science and Health. Part B. 42, 649-654.
[10] Ismail, B., Mazlinda, M. and Tayeb, M. (2013)
Adsorption, Desorption and Mobility f Cypermethrin and Deltamethrin in Malaysian Soils.
International Journal of Plant, Animal and Environmental Sciences. 3(4), 23-29.
[11] Năstuneac, V., Panainte-/HKădus, M., Mos, E.
F., Gavrilas, S., Cioca, G. and Munteanu, F.-D.
(2019) Removal of Cypermethrin from Water
by Using Fucus Spiralis Marine Alga. International Journal of Environmental Research and
Public Health. 16(3663), 1-9.
[12] %DUGDNoÕ%.D\D1DQG.DOD\FÕ7  
Anisidine adsorption on Co-supported pumice.
Environ. Earth Sci. 70, 849-856.
[13] 6HYHU.$WDJU07XQoDOS0$OWD\/
6HNL<DQG6DUÕNDQDW0  7Ke effect of
pumice powder on mechanical and thermal
properties of polypropylene. Journal of Thermoplastic Composite Materials. 32(8), 1092-1106.
[14] %DUGDNoÕ%  0RQLWRULQJRIPRQRFKORUR
phenols adsorbed on metal (Cu and Zn) supported pumice by Infrared Spectroscopy. Environ. Monit. Assess. 148, 353-357.
[15] Akbal, F.Ö., Akdemir, N. and Onar, A. (2000)
FT-IR spectroscopic detection of pesticide after
sorption onto modified pumice. Talanta. 53,
131-135.

CONCLUSION
Cypermethrin is toxic to aquatic life and it is
important to avoid contamination of surface waters.
In this point of view, to remove cypermethrin; the
adsorption took place on pumice surface. Pumice is
a natural inorganic material. In all Figures, IR spectral data before and after adsorption gave evidence
to the removal of cypermethrin. Organic sub-functional groups of insecticides observed in pumice
samples after adsorption indicate the presence of cypermethrin. As a result, natural pumice is a good adsorbent to remove cypermethrin. Since pumice will
be transported to lake water by natural phenomena,
the interaction of pumice with lake water has been
investigated to decide whether this interaction is hazardous for lake. Obtaining results of ICP-OES, it can
be claimed that pumice is suitable for nitrate removal
and ineffective for sulfate ions, at the same time. In
Table 2, the amounts of elements decrease compared
to natural pumice among solid samples. The reduction in quantity of elements in pumice samples is evidence that these elements have passed from pumice
to (÷LUGLU /DNH In Table 3, parameters of water
quality are at the normal range. Pumice has no effect
on the quality of the lake water. Furthermore, some
amount of Na and B elements were seen a transportation from pumices to lake. This transportation is
not considered to have a detrimental effect on the
lake. Both liquid samples and solid sample in Tables
2-3, give us an idea that some elements of pumice
are transported to the lake. Pumice shows affinity for
the adsorption of NO3- ion. The uptake of NO3- ion
on pumices is observed in ICP-OES results. It would
be advised that pumice can be sprinkled in soil before spraying pesticide on tree leaves.
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soil earthworms with various organic waste materials is economically important in addition to gaining
important organic source of materials in the form of
vermicompost. Vermicompost technology is very
important in recycling of organic wastes and their
valorisation as an agricultural input. Vermicomposting is a biotechnological process, in which organic
wastes are converted into valuable products by earthworms which are the main technology transfer for
converting bio-waste into valuable materials. The
earthworms are involved in recycling of organic
waste and they also enhance plant growth. For this
reason, they are very important for eco-friendly organic fertilizer production. This study suggested that
the vermicomposting served as a potential method of
waste management.

ABSTRACT
In this study vermicompost was produced by
Eisenia foetida using mix of certain ratios of nut
shell (NS) and cow manure in lab conditions. The
experiments were conducted according to randomized complete block design with three replicates in a
lab in Sakarya, Turkey for 4 months. Five different
treatments (NS90M10; NS75M25; NS50M50; NS25M75;
NS10M90) were tried in special containers with lids
together with 250 Eisenia foetida for each trial. Distilled water was used for humidification. pH, EC, organic matter, total humic+fulvic acid, total nitrogen,
total organic carbon, total P, K, Mg and Ca were analysed for each 5 trials at the end of the experiment.
The highest average N, P, K, Ca and Mg percentages
were obtained as 1.75, 0.38, 1.12, 1.7 and 0.38%, respectively in the trial with the highest ratio of cow
manure (NS10M90), and the lowest of these measurements were obtained in the trial with the highest ratio
shell (NS90M10). The average pH, EC, and humidity
were found to be 7.64; 964.51 μS/cm and 67.73%,
respectively. The highest organic matter content
(41.11%) was obtained from NS90M10, and the highest humic+fulvic acid content (25.89%) was obtained from the trial NS10M90. The C:N ratio which
is desired to be low for vermicompost was obtained
as highest from NS90M10 trial, and lowest from
NS10M90 as 101.67 and 19.43, respectively. As the
cow manure added to the mixture increased, all of
the analysis results increased except total organic C,
C: N ratio and organic matter. The differences between each parameter were found to be statistically
significant (p<0.01). The results revealed that the
shells of hazelnuts intensively cultivated in Black
sea Region of Turkey should better be evaluated as
vermicompost rather than fuel, and be returned to the
nature, which would be environmentally and economically advantageous. The earthworms used in
this research were observed to consume the feed of
nut shell and cow manure mix easily, therefore the
feed problem of small and medium-sized enterprises
in Turkey can partially be solved this way. The forthcoming increase in the world population demands
for more efficient ways to achieve sustainable development and use of renewable sources. By feeding
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INTRODUCTION
The increasing population’s food needs can be
fulfilled with increased agricultural inputs in today’s
world and for this reason agricultural lands should
be sustainably managed. The prices of chemical fertilizers which directly affect the agricultural inputs,
increase depending on the foreign currencies, therefore necessary precautions should be taken; otherwise, the humanity can be faced with difficulties
caused by food shortage. Although these chemicals
have increased the product yield over time, they also
harm the beneficial microorganisms in the soil and
decrease soil fertility and nutrition quality [1]. This
situation necessitates the development of health and
environmentally friendly inputs and production systems in order to redress the natural balance which
was lost due to the improper applications. There is a
need to increase the efficiency of fertilizer use, that
is, to obtain more yields per unit of fertilizer applied,
and to contribute to sustainable fertilization [2]. After all, new agricultural approaches such as proliferation of vermicompost technology and increasing
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popularity of organic agriculture have become important requirements both for environment and economy [3, 4]. The world’s population is continuously
increasing and has reached to 7.8 billion, which reveals the importance of this subject [5]. The vermicompost expression is a word which is used for
the final product (humus-like material) of composting procedure of organic waste materials by soil
worms. There are lots of organic food sources for
earthworms which may leads to vermicompost production; various animal, kitchen waste materials, the
waste of fruits, vegetable wastes, papers, and other
organic sourced materials. In other words, these organic wastes can be digested in earthworm’s digestive systems via lots of microorganisms and reformed to odourless material which is so rich in organic content which the material is named: “vermicompost” [3, 6]. Interest in vermicompost is in an
increasing trend so that dependency on chemical fertilizers can be decreased and both the animal and
plant wastes can be redounding to the nature.
According to Aslam et al. [7]., application of
cow manure vermicompost along with recommended NPK not only improved soil health, crop
yield, increases resistance to diseases but also supported grains with available Fe and Zn elements.
Rakkini et al. [8] suggested that vermicomposting differs from conventional other all type composting because the organic material is processed by the
digestive systems of specific earthworms such as Eisenia foetida. Beohar and Srivastava [9] reported
that Eisenia foetida and L. mauritii were used for
poultry waste management. Both species produced
compost. On the other hand, E. foetida performed
better when compared to L. mauritii.
Almost 68% (541000 tons) of world’s unshelled hazelnut production was reported to be carried out in Turkey, while the rest 32% (344000 tons)
in other countries. On the other hand, total cattle in
Turkey is about 17.6 million [10]. Therefore, the use
of shells of nuts and cattle manure should be increased and extended in order to convert them into
organic fertilizer by composting and vermicomposting, and use of them as organic fertilizer material to
ameliorate the agricultural soils.
The primary animal and plant wastes to obtain
vermicompost are truncation wastes of olive, vine,
chestnut, almond and hazelnut trees; outer shells of
hazelnut, chestnut and almonds; straws of wheat,
corn, sunflower, rice, rye and oat; manures of cows,
sheep, goats and horses; fruit and vegetable wastes;
and grinded wastes of paper and wood chips [11].
Vermicompost can be safely used in management of
agricultural, industrial, and domestic wastes which
possess a serious environmental and health threats
because of their natural, biological, chemical, biochemical and microbiological properties [12]. Vermicompost has different effects on physical, chemical, microbiological and biological properties of
soils depending on the nature and properties of the
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materials. Beneficial effects of vermicompost application have also been reported by Padmavathiamma
et al. [13]. and Bellitürk et al. [4].
$FFRUGLQJWRg]\D]ÕFÕHWDO[14]. hazelnut capsule (both fresh and compost form) which is an organic waste, can substitute commercial organic fertilizers and at the same time has positive effects on
yield and some soil characteristics (organic matter,
available P, changeable K, pH).
Gopal et al. [15]. reported that vermicomposted
coconut wastes and cow manure had a greater range
of microbial communities than original substrate.
Arancon and Edwards [16] reported that, the main
chemical, physical, and biological qualities of vermicomposts depend largely on the parent organic
wastes.
There are many reasons why vermicompost
should be produced and used in landscape and agriculture in Turkey. Among these are insufficiency of
organic matter in agricultural soils, lack of organic
fertilizer use, increase in researches about vermicompost, and abundance of plant and animal
wastes [11, 17, 18, 19]. However, researches about
feeding earthworms with nutshell for production of
vermicompost are very limited.
Earthworms are known to directly affect the
pH, texture, organic matter content of the soil, contribute to the environmental parameters such as humidity and temperature of soil, and even play important roles in bioaccumulation of heavy metals in
the soil [20]. Vermicomposting can be called the
“Second Green Revolution” by completely replacing
the destructive agrochemicals [21]. Vermicompost
contains 5 times high N, 7 times higher K and 1.5time higher Ca than the first 15 cm top soil [22].
Khan and Ishaq [23] reported that, the exchangeable
K content of vermicompost is 58 times higher compared to garden top soil. Dickerson [24] reported
that, Eisenia foetida and Lumbricus rubellus were
the most common species used for commercial vermicompost production among Eisenia foetida, Dendrobaena veneta, Lumbricucus rubellus, Eudrilus
eugeniae, Perionyx excavatus and Perionyx hawayana species. The unused organic waste material
can be effectively used in vermicomposting, using
earthworms [25].
This research aimed to determine the organic
fertilizer qualifications of vermicompost produced
with the help of Eisenia foetida from the mix of cow
manure and grinded organic wastes of nutshell
which is one of the most important local organic
wastes in Turkey. Moreover, the most significant of
the 5 trials in terms of macro and micro nutritional
elements and some other parameters was determined.
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TABLE 1
Composition of treatments used for experimentation (Cow manure= M; Nutshell= NS)
Mixture Number
(Trial)
1
2
3
4
5

Mixture
Description
NS90M10
NS75M25
NS50M50
NS25M75
NS10M90

NS
(g)
3600
3000
2000
1000
400

M
(%)
90
75
50
25
10

(g)
400
100
2000
3000
3600

(%)
10
25
50
75
90

FIGURE 1
Nutshell (NS), cow manure (M), E. foetida and the container used in the experiment
The images of nutshell, cow manure, the earthworm E. foetida and the container are given in
Figure 1.
Keeping the earthworms in the optimum conditions is one of the most important factors for vermicompost yield and quality [27]. The earthworm E.
foetida requires temperature of 20-25°C, 80-90% humidity, oxygen and low salt concentration for optimum functioning in general [28]. At the beginning,
250 mature Eisenia foetida earthworms were placed
in each container. The lids of the containers were
drilled to provide oxygen for the earthworms to
maintain vital activities. The moisture was measured
every 3 days and the necessary humidity was maintained by pulverization of distilled water. This research was conducted in a private laboratory for 4
months and appropriate analyses were carried on the
samples taken at the end of the incubations. Bellitürk
[18] reported that, vermicomposting with modern
technologies can be completed in 3-4 months or less.

MATERIALS AND METHODS
Organic wastes and earthworm. Cow manure
(pH 9.04, electrical conductivity 2370 μS/cm, C:N
ratio 15:19, org. material % 32.88 and total N %
2.21) was obtained from Adaworm Company, Sakarya, Turkey. Hazelnut shell (pH 6.76, conductivity
96.67 μS/cm, C:N ratio 126.51, org. material %
41.47 and total N % 0.33) was obtained from Hasbil
Company, Sakarya, Turkey. On the other hand, the
Eisenia foetida species were obtained from Vermis
&RPSDQ\ø]PLU7XUNH\7KHRWKHUHSLJHLFVSHFLHV
used in large-scale vermiculture is Eisenia foetida,
which has high potential for bio-converting organic
waste into vermicasts [26]. Earthworms were
washed with distilled water and kept for 2 weeks before starting the experiment in special containers
with cow manure at 25°C in the laboratory. The
study was conducted under in-vitro conditions, in
2019.

Chemical and physical analyses of vermicompost. Total salt content, organic matter (OM)
concentration, pH and N (The total nitrogen content
of the samples was determined by modified Kjeldahl
method), total organic C of vermicompost samples
ZHUHGHWHUPLQHGDFFRUGLQJWR.DFDUDQGøQDO[29].

Experimental design. Randomized complete
block design with three replicates per trial were used.
The experiment was performed with the following 5
trials and were given in Table 1.
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DQG6D÷ODP[30]. Total P, K, Ca, and Mg concentrations of vermicompost samples were extracted using
H2O2 + HNO3 solution. The concentrations of these
elements in the extracts were determined by ICPOES according to Zarcinas et al. [31], AOAC [32],
DQG .DFDU DQG øQDO [29]. Total humic+ fulvic acid
analyses were determined using titrimetric method
[33].
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1420.00, 5213.69, 7256.94 and 1590.37 mg kg-1, respectively. The average C content was found to be
32.62% and the average C:N ratio was 53.51 (Table
2). In a study investigating the importance and progress of vermicompost in Turkey, Bellitürk [18].
found that the average P, K, Ca and Mg contents of
vermicompost obtained from cow manure as 1.01,
0.74, 2.80 and 0.98%, respectively. When the results
of the mentioned study were compared with those of
this study, all the samples were determined to be
poor in P, Ca and Mg contents, and only samples 4
and 5 were found to be sufficient in terms of K conWHQW$FFRUGLQJWR*QHúHWDO[37], total P element
is effective more on the generative development of
the plants. Besides, P deficiency negatively affects
the vegetative development, too. Therefore, development of the P deficient plants deteriorates, and the
organic fertilizers should be sufficient in term of P
content. Dominguez and Edwards [28] stated that the
C:N ratio of vermicompost samples should be between 25/1-30/1. Only sample 5 was found to be
close to this value. On the other hand, “Organic,
Mineral and Microbial Fertilizers Guideline” of Republic of Turkey Ministry of Agriculture and Forestry stated that the C:N ratio of vermicompost used
in Turkey should be between 8:1-22:1 [36]. The results of sample 5 was found to be close to the allowed limits. The ideal values for vermicompost
were mostly observed in sample 5 which has more
cow manure than others. The reason of low macro
nutritional elements in the samples produced from
high nutshell content can be the direct exposure of
earthworms to grinded nutshell instead of pre-vermicomposting. Therefore, feeding the earthworms
with a mix of cow manure and grinded nutshell after
fermentation to a point of decreased C:N ratio should
be carried out in further studies.
The statistical analysis results of the average total N, P, K, Ca, Mg, C % and C:N ratios are given in
Table 3 and Figure 2 (a, b, c, d, e, f and g, respectively).

Statistical analysis. All data were analyzed
with Analysis of Variation (ANOVA) using “SPSS
25.0 statistical software” [34] and differences between mean values were determined by DUNCAN
multiple range test [35].

RESULTS AND DISCUSSION
Macro Nutritional Elements in Vermicompost Samples. The maximum and minimum values
of N, P, K, Ca, Mg, C and C:N ratio analyses are
given in Table 2.
According to the results the highest and lowest
N of the vermicompost samples were determined to
be 1.75% and 0.41%, respectively (Table 2). The
mean N value of the samples was found to be 0.99%.
According to the “Organic, Mineral and Microbial
Fertilizers Guideline” of Republic of Turkey Ministry of Agriculture and Forestry, the total N content
of the vermicompost used in Turkey should be at
least 0.5% [36]. The total N content of the samples
(trial) 2, 3, 4 and 5 were higher than 0.5%. Arancon
and Edwards [16] reported that the total N content of
cow manure vermicompost should be at least 1.9%.
The average total N contents of the vermicompost
increased parallel with the increased cow manure
amount in this study, but they were lower than 1.9%.
The average total P, K, Ca and Mg contents in the
vermicompost samples were measured to be

TABLE 2
Analyses results of N, P, K, Ca, Mg, C and C:N ratio of vermicompost samples
Trials
1
NS90M10
2
NS75M25
3
NS50M50
4
NS25M75
5
NS10M90
Maximum
Minimum
Average

N
(%)

P

0.41

126.28

0.57

K

Ca

Mg

C
(%)

C:N ratio

1355.44

1484.55

247.11

41.23

101.67

324.73

2156.65

2273.02

507.04

40.08

70.58

0.76

829.14

4018.54

4855.28

1108.54

37.68

51.51

1.48

2041.51

7301.78

9955.13

2299.55

35.32

24.37

1.75

3778.33

11236.04

17716.74

3789.59

33.82

19.43

1.75
0.41
0.99

3778.33
126.28
1420.00

11236.04
1355.44
5213.69

17716.74
1484.55
7256.94

3789.59
247.11
1590.37

41.23
33.82
37.62

101.67
19.43
53.51

(mg kg-1)
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FIGURE 2
Bar graphs of ANOVA and DUNCAN multiple range test of the average values of N (a), P (b), K (c), Ca
(d), Mg (e), C (f) and C:N ratio (g)
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TABLE 3
Descriptive statistics (Xmean±Se) and significance test results of macro nutritional elements and
C:N ratio of vermicompost samples
Parameters
N (%)

NS90M10
0.41±0.01528 c

P (mg kg-1)

126.2767±7.43044 c

K (mg kg-1)

1355.4367±89.3335
4c

Ca (mg kg-1)

1484.55±73.62660 c

Mg (mg kg-1)

247.1067±14.91136
c
41.2267±0.20995 a
101.6733±4.12428d

C (%)
C:N ratio

NS75M25
0.5733 ± 0.02186 bc
324.7333±33.27848
c
2156.65±39.30074 c
2273.02±141.32265
c
507.0433±30.65756
c
40.0767±0.32692 b
70.5833±3.48561 c

Variation Source
NS50M50
0.7633 ± 0.09905 b
829.14±268.41 bc
4018.535±654.065
bc
4855.275±1217.675
bc
1108.535±260.865
bc
37.6833±0.13195 c
51.5067±7.39239 b

NS25M75
1.4767 ± 0.15235 a
2041.5067±704.5305
6b
7331.7767±1888.053
76 b
9955.1267±3049.168
68 b
2316.22±679.14965
b
35.3167±0.48168 d
24.37±2.08001 a

NS10M90
1.7467 ± 0.06173 a
3778.325±135.905 a
11236.035±206.165 a
17716.74±1294.49 a
3789.59±84.74 a
33.82±.012124 e
19.4267±0.67356 a

Note: Different letters (a,b,c,d,e) in the same columns are statistically different (ANOVA; DUNCAN’s test, P<0.01).

Ca, Mg, C and C:N results of the other trials were
lower than these amounts.
Vermicompost contains an average of 1.5%2.2%N, 1.8%-2.2% P and 1.0%- 1.5% K. The total
organic C is ranging from 9.15% to 17.98% and contains Ca, Mg, Fe, Mn, Zn and Cu [41]. The dissolved
K amount in the study of Das et al. [42] was 18200
mg kg-1, where they analysed the vermicompost produced from different organic materials with cow manure. The dissolved K in the study with kitchen
wastes + market place wastes + tea factory was between 19700 mg kg-1 and 27433 mg kg-1 [39]. Suthar
[43] reported that, the carbon to nitrogen (C:N) ratio
is one of the most common indicators used for estimating compost maturity. Tripathi and Bhardwaj
[44] used E. foetida in their study in order to evaluate
the vermicomposting under tropical conditions and
they reported that in the kitchen waste + cow manure
bedding treatment, E. foetida increased N, P and K
(g/kg) as well as decreasing C:N and C:P after 150
days of vermicomposting. The average C:N ratio of
the vermicompost obtained from mushroom waste
and cow manure mix was 11.32 [45]. In our study
the C:N ratio was higher in the trials with intense
nutshell. Producers using vermicompost in agricultural approaches prefer vermicompost low in C:N ratio and high in total humic+fulvic acid content and
organic material [18]. Vermicomposting converts
food waste into compost within a month, reduces the
C:N ratio and retains more N than the traditional
methods of preparing composts [46].

The results revealed that the N% increased with
increasing cow manure in the mix. The highest and
lowest N% was found to be 1.7467 and 0.41% in
NS10M90 and NS90M10, respectively. The averages of
N contents were found to be statistically significant
after variance analysis (P<0.01). In previous studies
with vermicomposts obtained from various waste
materials, the N content of vermicompost obtained
from garden wastes was found to be between 0.99
and 1.45% [38], that of vermicompost obtained from
kitchen wastes + market place wastes + tea factory
wastes was between 0.51 and 0.82 [39], and that of
the vermicompost obtained from olive tree truncation waste + cow manure was found to be between
1.45 and 1.62% [41]. The results of the present study
were consistent with mentioned previous studies.
The average of total P contents (mg kg-1) of vermicompost samples were found to be statistically
significant after variance analysis (P<0.01) (Table 2
and Figure 2b). In a study by Mochache et al. [39],
the P content of vermicompost obtained from
kitchen wastes + market place wastes + tea factory
wastes were between 7600 mg kg-1 and 8067 mg
kg-1. A research reported that of the vermicompost
obtained from various ratios of olive tree truncation
waste + cow manure mix, average P content of the
vermicompost sample produced only with cow manure was 6300 mg kg-1, that produced only with olive
tree truncation waste was 2300 mg kg-1, and that produced with the mix was 4400 mg kg-1 [40]. The average P content value of 5 trials in this study was
1420 mg kg-1, while the highest was observed for
NS10M90 (3778.33 mg kg-1 P) trial. In further studies,
the nutshell + cow manure mix giving the highest P
content in the vermicompost should be selected and
earthworm feeding should be adjusted accordingly.
The K, Ca, Mg, C and C:N ratio results of the
formerly mentioned study of vermicompost obtained
from equal amounts of olive tree truncation waste +
cow manure mix were 17700 mg kg-1, 37500 mg
kg-1, 4700 mg kg-1, % 28.06 and 17.33, respectively
[40]. The results of the present study were similar to
the mentioned study in only NS10M90 trial. The K,

Other Analyses of Vermicompost Samples.
The pH, EC, organic matter, total humic+fulvic acid
and moisture results of the vermicompost samples
are given in Table 4.
According to Nagavallemma et al. [47], earthworms consume various organic wastes and reduce
the volume by 50%. The moisture content of castings
ranges between 32 and 66% and the pH is around
7.0. The average pH values of the vermicompost
samples in this study was found to be 7.64. The ideal
vermicompost should have a pH between 5 and 9
[28]. All the samples from each trial were found to
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have a pH value in the preferred limits. Average saltiness was found to be 964,51 μS/cm. Saltiness is undesirable in agricultural production as it may prevent
the yield. The average saltiness of vermicompost
produced from cow manure in Turkey was found to
be 6.85 dS/m [18]. The maximum saltiness of the
vermicompost samples in the present study was 2.06
dS/m and all samples were lower than this in terms
of saltiness. The average organic matter content was
37.42% in this study. That of the vermicompost obtained from olive tree truncation waste + cow manure mix was 48% [40]. The organic matter content
of commercial vermicompost must have 20% organic material at least in Turkey [36]. All the vermicompost sampled had higher than 20% organic
matter in this study. The average total humic+fulvic
acid content was 19.24% and the humidity was
67.73% (Table 4). High humic+fulvic acid contents
are desired by vermicompost users. On the other
hand, commercial vermicompost should have a
moisture less than 30% [36].
The statistical analysis results of the pH, EC,
organic matter, total humic+fulvic acid contents are
given in Table 5 and Figure 3.
The average pH and EC value of a vermicompost obtained from the mix of mushroom waste and
cow manure in a study conducted in China was
found to be 7.57 and 2490 μS/cm, respectively [45].
Those values of the vermicompost obtained from
nutshell and cow manure mix were found to be 7.64
and 964.51 μS/cm. These studies were similar in
terms of these two parameters and this study with
nutshells was found to be advantageous as the salt
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content was lower. Electrical conductivity indicates
the concentration of total soluble salts in vermicompost. In the vermicompost of our study, maximum
EC of 2062.89 μS/cm was recorded in the NS10M90
application (P<0.001). There have been many reports that organic fertilizers can increase soil biological activity and organic matter [3, 17, 18, 48] so it
is not surprising that earthworm manure can also do
this. This is why vermicompost applications in agriculture and landscaping are important as they increase the soil organic matter. The higher the organic
matter in vermicompost, the more significant the effects of the vermicompost. The commercial vermicompost in Turkey should not contain more than
30% moisture according to legal regulations [36].
However, the moisture content of the vermicompost
are about 50-60% after harvest, which is later decreased during drying and storage. The average
moisture content in this study was found to be
67.73%, which should be decreased if this vermicompost is desired to be sold. However, as it is
well known, the organic material, humic+fulvic acid
content and microbial activity also decrease a little
with decreased moisture [40]. Nannipieri et al. [49]
reported that, decrease in the moisture content of
vermicompost during the storage may exert a strong
influence on the microorganisms. The chemicalphysical properties (pH, EC, moisture, etc.) and nutrient contents (N, P, K, organic matter, total humic+fulvic acid) of vermicompost vary greatly depending on the organic matter and C:N ratio on
which the earthworms feed [3, 17, 18, 50].

TABLE 4
pH, EC, organic matter, humic+fulvic acid and moisture of vermicompost samples
Trials
1
NS90M10
2
NS75M25
3
NS50M50
4
NS25M75
5
NS10M90
Maximum
Minimum
Average

pH (1/2)

EC (μS/cm)

Organic Matter (%)

Humic + Fulvic Acid (%)

Moisture (%)

6.59

153.00

41.11

12.36

51.87

6.91

419.00

39.77

15.90

58.56

7.55

835.33

37.23

18.61

68.39

8.31

1352.33

35.08

23.44

78.18

8.85

2062.89

33.92

25.89

81.64

8.85
6.59
7.64

2062.89
153.00
964.51

41.11
33.92
37.42

25.89
12.36
19.24

81.64
51.87
67.73

TABLE 5
Descriptive statistics (Xmean ± Se) and significance test results of vermicompost samples obtained with
different variation according to pH, EC (μS/cm), organic matter (%), humic+fulvic acid (%), and moisture (%) analysis values
Parameters
pH
EC (μS/cm)
Org. Mat. (%)
Hum.+Ful.Acid (%)
Moisture (%)

NS90M10
6.59±0.6028 d
153±2.71409 e
41.1133±0.9838 a
12.36±0.67104 d
51.8667±0.35139 d

NS75M25
6.9067±0.7688 d
419±20.52641 d
39.7733±0.4149 b
15.9±0.97755 cd
58.5633±1.84505 c

Variation Source
NS50M50
7.55±0.4509 c
835.33±69.75565 c
37.23±0.17616 c
18.61±1.77652 bc
68.39±1.46647 b

NS25M75
8.3067±0.19548 b
1352.33±84.66404 b
35.0833±0.4271 d
23.4433±2.96347 ab
78.18±1.94557 a

NS10M90
8.8533±0.23258 a
2062.89±83.56176a
33.9233±0.24361 e
25.8867±1.1123 a
81.64±1.87602 a

Note: Different letters (a,b,c,d,e) in the same columns are statistically different (ANOVA; DUNCAN’s test, P<0.01).
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FIGURE 3
Bar graphs of ANOVA and DUNCAN multiple range test of the average values of pH, EC,
organic matter, total humic+fulvic acid and moisture
rate compared to nutshell. This study revealed that
the vermicompost obtained from the mix of cow manure with nutshell can be evaluated as an organic fertilizer as an agricultural input, as the results obtained
from the trials are statistically significant (P<0.01)

CONCLUSIONS
The study determined the composition rates of
vermicomposted nutshell (NS) and cow manure (M)
waste. Cow manure had a higher vermicomposting
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both in terms of chemical characteristics and other
analyses. However, the effects of the obtained fertilizer on soil and plants should be determined with
further studies. Waste materials, no matter animal or
plant sources, can cause serious problems as polluting the environment and damaging the ecological
balance when they are directly left to the environment. The cow manure and nutshells resulting from
agricultural activities can lead to serious problems
when left as waste without any process. This study
showed that both of these waste materials can be
evaluated as vermicompost after feeding the earthworms with them after certain treatments and therefore they can be important agricultural inputs. Both
previous studies and the results of the present study
suggest that vermicompost obtained from agricultural wastes is a valuable organic fertilizer.
Turkey is the leading country in hazelnut production. Hazelnut has an important place in Turkish
economy and it significantly contributes to the export revenue. However, studies concerning the evaluation of truncation wastes and nutshell wastes are
required as there is no guideline about them. The hazelnut producers have a tendency to live in big cities
in Turkey and consider hazelnut production as a side
income which brings about the non-evaluation of
truncation wastes of hazelnut trees. This behavior of
the people who do not stand over the agricultural activities and not adopt the zero-waste agriculture as a
principal result in accumulation of nutshells as polluting wastes. The outer husks of the hazelnut are
evaluated as fuel by farmers especially in the Black
Sea region of Turkey. On the other hand, cow manure is also evaluated as fuel by low-income villagers after special drying processes. The use of these
animal and plant sourced wastes should be generalized by converting into vermicompost and evaluated
as organic fertilizers in agriculture instead of being
used as fuel. Producers will not lower fertilizer expenses, but also contribute to recycling and the organic material content of the soil by using these
wastes as vermicompost. There are various papers in
the literature emphasizing the benefits of this situation to both humans and the nature. Converting the
waste materials into vermicompost also provides
employment to the farmers. The number of studies
on evaluation of various organic wastes as vermicompost increased in Turkey in recent years. Besides all the known benefits of vermicompost, the increase in interest to vermicompost is also because of
the increased expenses on chemical fertilizers and
their polluting effects on the environment. While
vermicompost applied in the field, it reduced the irrigation frequency, induced the plant growth and increased soil organic matter. The agriculture must be
sustainable and the yields of the soils must be increased in order to fulfil the needs of the increasing
population. By using organic fertilizers such as vermicompost in agriculture, environmental and economically favourable productions will be provided
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together with promoted food safety and quality in
commercial activities. For this reason, zero-waste
agricultural activities should be generalized and
hence the sustainable agriculture should be supported. Waste management is one of the major necessities that should be fully understood for the future of both the earth and humanity. Vermicomposting by using earthworm can be called clean technology that minimize environmental pollution. Vermicomposting is going on in Turkey with multiple
objectives of community waste management, highly
economical way of agricultural production and landscape areas, which replaces the costly chemical fertilizers. This article opens the scope for further several researches.
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FACTORS AFFECTING MIGRATION FROM FOREST
VILLAGES: A CASE STUDY FROM TURKEY
Hasan Emre Unal*
Cankiri Karatekin University, Faculty of Forestry, Department of Forest Economics, Cankiri 18200, Turkey

of population changes [3]. Most forest areas and
many other geographic areas in the world are rural
[5]. More than 75% of the world’s poor people and
those in danger of starvation continue to live in rural
areas and are dependent mainly on traditional agricultural production for their livelihoods [6]. Differences between rural and urban income levels are a
main driver and reason for migration of rural populations [7,8]. Thus, migration can be defined as a survival strategy used by the poor, especially those living in rural areas [9]. In many developing countries,
the urban population has been growing faster than
the rural population [10]. According to [11], from
1927 to 1950, the rural population in Turkey was
76% of the total population. As of 2017, the rural
population was 6.060.789 and the rate of population
within the country population has been updated as
7.5%.
Villagers in Turkey live in forest villages and
other types of villages [12,13]; the forest villages are
important settlements in rural areas. There are 7.1
million forest villagers in Turkey, or approximately
10% of the total population, living in 21,743 forest
villages, which are either within or adjacent to forests. Forest villagers represent an important segment
of the rural poor population; the per capita income of
these villagers was 1,115 Turkish Lira (USD 319)
per month in 2016 [14]. The aim of our study was to
determine the factors that trigger migration from forest villages, which has left many villages with an inadequate work force. Forest villages in Kütahya
Province were used as the study focus.

ABSTRACT
Forest villages, which are home to 41% of the
rural population in Turkey, differ from other villages
in terms of their settlement characteristics and demographic structures. Many forest villagers (7.1 million) live in poverty in terms of their socioeconomic
assets and per capita income. Many have joined a
stream of continuous migration to cities in Turkey
[1].The aim of this study was to analyze the relationships between numbers of migrants and their average
age, the size of the households they leave, the infrastructure facilities in the villages from which they
migrate, and the total amount of land available to
their families by using the multiple linear regression
model. The data were collected from 200 participants in five randomly selected forest villages in
.WDK\D 3URYLQFH LQ 7XUNH\ 'R÷D (\QHJD]L
Körpe, Suluköy, and Sünnetyenice. The analysis
showed that the decision to migrate was affected
mainly by the migrant’s household size prior to leaving. Our multiple linear regression model explained
about 30% of the variability. Seventy-three percent
of the migrants were 15 to 24 years of age, and therefore marriage and educational opportunities, which
would affect their income levels, were at the forefront of their goals. Marriage was the main reason
for leaving for 40% of the migrants, unemployment
for 24%, and lack of educational opportunities for
20%. The researchers hope that the information will
help governmental agencies to provide more subsidies for forest villagers so they will have regular and
sustained incomes.

MATERIALS AND METHOD
KEYWORDS:
Migration, Forest village, Poverty, Multiple Linear Regression

Description of the study area. The focus of
this study was the forest villages in Kütahya Province, one of the 81 provinces of Turkey. Although
these villages are labeled forest villages because of
their geographic characteristics, the people living in
them must make a living from agricultural activities
and animal husbandry. Not every villager has the
same opportunities to own land and animals. Moreover, whatever household members earn from working on the land or with animals is often only sufficient for consumption by their own household. People living in villages that offer a specific form of occupation, such as mining, may have a more reliable

INTRODUCTION
The phenomenon of migration has attracted the
attention of many social and environmental researchers around the world. It seems to be influenced by
many factors, including social, demographic, political, and economic factors [2]. Migration is an important feature of human civilization [3,4], and rural
migration, in particular, is an important component
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means of earning a living, but forest villagers do not
have such opportunities. Therefore, forest villagers
have been turning to urban areas in search of different livelihoods and for other reasons at different
times. Most migrants have found work in factories in
the town of Bozüyük in Bilecik Province or in or
near the city of Kütahya in Kütahya Province. Population information for villages is given in Table 1,
and the study area is shown in Figure 1.
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chief, which has a total of 28 forest villages. Villages
with high numbers of households and data available
about the households and migrants were preferred.
There were no significant differences between the
villages chosen in terms of other characteristics; they
merely had to be identified as forest villages. In the
villages on which we focused, the total population
was 5,863 persons. The sample size that was recommended according to the formula given below was at
least 135 persons, and we increased that slightly to a
total of 200 participants. A household questionnaire
was used to obtain data on the villagers.
The main unit of analysis in the study was the
head of household. In cases where there was no clear
head of household, one household member

Design of study and sampling methods. Participants were from forest villages in the center of
.WDK\D 3URYLQFH )LYH IRUHVW YLOODJHV 'R÷D
Eynegazi, Körpe, Suluköy, and Sünnetyenice, were
selected randomly from the central management

TABLE 1
Population of villages by census years
1965
1975
1985
2000
303
254
228
194

2018
148

Suluköy

417

531

536

493

289

Körpe

311

270

197

65

51

Eynegazi

442

515

604

477

402

DR÷D

206

216

206

208

175

Villages
Sünnetyenice

FIGURE 1
Study area
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who was 18 years of age or older was considered the
head of household. The following formula was used
to calculate the sample size:

variables. Stepwise regression is a modification of
forward selection, so that after each step in which a
variable is added, all candidate variables in the
model are checked to see if their significance has
been reduced below the specified tolerance level. If
a nonsignificant variable is found, it is removed from
the model. The differences in the variables in terms
of villages was determined by the one-way ANOVA
with the Student–Newman–Keuls (SNK) test. The
linear relationships between the variables were determined by the correlation matrix. The SNK is a
post hoc test for differences in means. Once the
ANOVA has shown a statistically significant result,
the SNK test will show which specific pairs of means
are different. The SNK test used the studentized
range distribution SPSS® package program for all of
the analyses.

ேכ మ ככொ

SS = (ேିଵ)ௗమ

ା( మ ככொ)

N: population size
P: sample proportion (0.9)
Q: 1-P
Z: Z value (1.96 for the 95% confidence interval (CI) and 1.64 for the 90% CI)
d: margin of error (0.05 for the 95% CI and 0.1
for the 90% CI)
Data collection. In order to obtain data on migration from forest villages, a household survey was
conducted between December 2018 and January
2019. During face-to-face interviews on site, an interviewer asked questions from a questionnaire
orally and noted the answers and completed the
questionnaire on the spot. As stated above, the questions were asked of the head of household, who was
usually the husband but sometimes the wife or another member of the family over 18 years of age who
either had economic responsibility for the household
or happened to be at home when the interviewer visited. Questions included in the survey focused on
people who had migrated from the household and
village for any reason, their names, when they had
migrated, the age at which they had migrated, their
marital status, their destination, and the reasons they
had migrated. There were also questions about the
average income of the household, amount of land
owned by the household, and infrastructure facilities
in the village that researchers thought might have influenced migration.

RESULTS
The descriptive statistics for the subject data in
the study are given in Table 2. The smallest household in the villages sampled had two members, and
the largest had nine members. The youngest migrant
was 15 years of age, and the oldest was 50 years of
age. One village had nine forms of infrastructure, the
most of any of the villages studied. The most land
owned by a non-land owner was 17 hectares.
Answers to questions about migration provided
the following information: 37% (n = 74) of those
who migrated from a household in the villages were
boys, and 22.5% (n = 45) were girls. In 35.5% of
households, both boys and girls (n = 71) had migrated. Regarding the numbers of those who migrated from a household, two people had migrated
from 40.5% of households, one person from 32.5%
of households, three people from 21.5% of households, and four people from 3.5% of households. The
percentage of households that had lost no one to migration was 1%, and the percentage that had lost five
or six people was less than 1%.
The rates of land ownership were highest for
the villages of Suluköy (44%) and Eynegazi (27%);
the other villages had much lower rates. In terms of
infrastructure facilities, those in Suluköy were proportional to those in other villages at 31%. Suluköy
had the highest percentage of migrants (55%), even

Data analysis. Multiple linear regression is the
most common form of linear regression analysis. As
a predictive method of analysis, it is used to explain
the relationship between one continuous dependent
variable and two or more independent variables. The
independent variables can be continuous or categorical (dummy coded as appropriate). In our study, the
number of migrants (NM) was estimated to be the
function of the household size (NHBM), average age
(AOA), number of infrastructure facilities (IF), and
amount of land owned by the household (LS) before
migration. The stepwise variable selection technique
was used to determine the relationship between the

Minimum Value
NHBM
AOA
IF
LS

2.00
15.00
0.00
0.00
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TABLE 2
Descriptive statistics
Maximum Value
9.00
50.00
9.00
17.00

11287

Mean value

Std. Deviation

4.61
22.85
4.01
1.49

1.16
6.00
2.13
2.82
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Sünnetyenice

Eynegazi

'R÷D

100%
90%

Frequency (%)

80%
70%
60%
50%
40%
30%
20%
10%
0%

LS

IF

NM

NHBM

AOA

Variables

FIGURE 2
Frequency values (%) of variables by villages

Vaiables
NM
AOA
NHBM
ø)
LS

NM
1

AOA
-0.129
1

TABLE 3
Correlation matrix
NHBM

ns

0.518**
0.092ns
1

IF

LS

0.147*
-0.077ns
0.107ns
1

0.207**
-0.106ns
0.171*
0.280**
1

* ,95%

signifance level
signifance level
ns, nonsignificant
**,99%

though it had the highest percentages of land ownership and infrastructure facilities. The variable that
was most similar among the villages was the household size; for Körpe it was 18.5%; Suluköy, 20.9%;
6QQHW\HQLFH(\QHJD]LDQG'R÷D
19.8%. The average age of migrants was also similar: Körpe, 21.1%; Suluköy, 17.7%; Sünnetyenice,
(\QHJD]LDQG'R÷D7DEOH
shows the correlation matrix for the variables affecting the number of migrants.
As shown in Table 3, the relative correlation
was highest between the number of migrants and the
household size (R = 0.518). There was a low correlation between the number of migrants and the availability of infrastructure facilities (R = 0.147), the
availability of infrastructure facilities and the
amount of land owned (R = 0.280), the household
size and amount of land owned (R = 0.171), and the
number of migrants and amount of land owned (R =
0.207). There was no significant relationship between the number of migrants and average age of migrants; the average age of migrants and household
size, the availability of infrastructure facilities and

amount of land owned; or the household size and
availability of infrastructure facilities.
The results of the multiple regression analysis
are given in Table 4. It was observed that the variable
with the maximum effect on the number of migrants
ZDVWKHKRXVHKROGVL]H ȕ  DQGWKHYDULDEOH
with the least effect was the average age of the miJUDQWV ȕ –0.025).
A negative correlation was observed between
the average age of migrants and the number of miJUDQWV ȕ  –0.025). The developed model explained approximately 30% of the variability in the
number of migrants.
As can be seen from Figure 3a (left), NHBM in
villages and NM from these villages are parallel to
each other. According to Figure 3b (right), a moderate positive relationship was obtained between the
predicted and observed values (r = 0.55).
The distribution of NM by age groups is also
shown in Figure 4. Figure 4 shows information on
the ages of the migrants. The total number of people
migrating from the villages was 392; 72.9% (286) of
the migrants were 14.9 to 23.9 years old, 24.2% (95)
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TABLE 4
Parameter estimates, standard errors (S.E.), t-values, and p-values for MLR
Parameter

Estimate

S.E.

t

p

Constant (ȕ0)

0.680

0.294

2.315

0.022

NHBM (ȕ1)

0.396

0.048

8.195

0.000

AOA (ȕ2)

-0.025

0.009

2.704

0.007

LS (ȕ3)

0.033

0.02

1.674

0.096

FIGURE 3
Observed and estimated values (3a; right) and NHBM and NM change by villages (3b; left)

Number of households migrated by age groups

14,9-23,9

24-33,9

40-49,9

>50

FIGURE 4
Number of households migrated by age groups
were 24 to 33.9 years old, and 2.5% (10) were 40 to
49.9 years old.
Table 5 shows comparisons of variables among
the forest villages. According to the results of the
one-way ANOVA with the Student–Newman–Keuls
test, there were statistically significant differences
between the amount of land owned, availability of
infrastructure facilities, and average age of the migrants. These variables were evaluated for each village. In terms of the factors affecting the numbers of
migrants, the maximum diversity was observed in
the availability of infrastructure facilities. Suluköy

had the most infrastructure facilities and the most variety in terms of amounts of land owned, but it had
the least variety in terms of the average ages of the
migrants. Sünnetyenice had the most variety in ages
of the migrants. 'R÷DKDGWKHOHDVWGLYHUVLW\LQWHUPV
of the availability of infrastructure facilities and
amounts of land owned. The average age of the migrants and the amount of land owned two variables
that affect migration, had relatively less variability in
the villages studied.

11289

© by PSP

Volume 29 – No. 12A/2020 pages 11285-11293

Fresenius Environmental Bulletin

TABLE 5
One-way Anova with Student-Newman-Keuls
Villages
'R÷D
Eynegazi
Körpe
Suluköy
Sünnetyenice

AOA

IF

Mean

Mean

ab

LS
c

22.28
22.47ab
24.35a
20.51b
25.63a

2.21
3.71b
3.88b
6.21a
3.78b

Mean
0.4069b
1.7274ab
0.4853b
2.8231a
0.9525b

Lowercases show groups (a>ab>b>c)

important factor affecting the number of migrants
was the size of a household (see Table 3). In the
study of [21], it was emphasized that an increase in
the size of a household places more pressure on
household consumption, and this could trigger migration. The rate of variation among the migrants in
our model was approximately 30% (see Table 3).
Variables such as gender and marital status, as well
as variables that were not identified in our study,
may affect the percentages of the model. In a similar
study [22], the authors created a model that included
income and marital status, and it explained 46% of
the variance in the numbers of migrants.
In our study, when the factors causing migration were ranked, marriage accounted for 40% of migrations, unemployment for 24%, and lack of educational opportunities for 20%. It is possible to say that
when migrants are ranked according to age group,
the 15- to 24-year-olds accounted for 73% of the migrants, and the reason they migrated was marriage
opportunities (Figure 4). [23] concluded that marital
status was one of the major causes of local migration,
as were economic factors. [4] concluded that the
most important reason for migration from rural to urban areas in Pakistan was marriage. In our study, the
primary reason for the migration of women was marriage (64%); for men, marriage accounted for 20%
of migrations and unemployment for 37.5%. Marital
status may have been a secret reason for migrating to
earn a better income. Obviously, if a man decides to
marry, he and his wife will need a house separate
from their parents and a regular income to provide
for each other and future children. In similar studies
on the subject, economic factors were identified as
the main cause of migration [10,13,15-17,23,24].
In our study, men were more willing to migrate
than women. This is the same as in the study by [25],
which analyzed the role of gender in migration and
determined that men were more willing to be migratory than women. Another factor was land ownership, which had little effect on migration in our study
(Table 5). The ownership of too little or poor-quality
land, which is common in forest villages, can be said
to be effective in this situation [15,19,20,26]. The answers given to the question about land ownership before migration in our study revealed that the most
land owned by a villager was 17 hectares (Table 1).

DISCUSSION
Many households in the villages studied had
lost members to migration, in some cases, three or
four members. In many, all of the children had migrated, so that only the mother and father were left
in the village. Of the migrants, the youngest was 15
years old at the time of migration and the oldest was
50 years of age (see Table 2). As to the reasons for
migration, 15-year-olds were likely to migrate in order to have better educational opportunities than in
the villages, which had inadequate or a lack of infrastructure facilities for education. The study by [10]
concluded that inadequate health services and social
facilities were also important causes of migration. As
for the 50-year-olds, a lack of health care opportunities for them and their children and educational opportunities for their children were noteworthy. The
majority of the villages had had infrastructure facilities available for common use in the past, such as
schools, health centers, laundry facilities, grocery
stores, and coffee houses. However, as a result of the
decrease in village populations due to migration, the
infrastructure facilities had become fewer or completely disappeared [10,15-18]. The number of infrastructure possibilities and amount of land owned
were greater in Suluköy than in the other forest villages studied, but this village had the highest number
of migrants of the five villages (Figure 2). To explain
this situation, it was useful to consider the average
age of the migrants from this village and the reasons
for their migration. Among the studied forest villages, Suluköy had the largest group of youngest migrants, at 20 years of age. Nearly 50% of those who
migrated from Suluköy had done so to get married,
and approximately 30% had chosen to leave for employment opportunities. The type of land owned, as
well as the amount, needs to be considered because
the productivity of the land is low. In Turkey, the average amount of agricultural land that can be owned
by a household in a forest village is 25 decares,
whereas the average in other areas is 61 decares [19].
Forest villagers do not have access to land holdings
that could reduce poverty; their only option is to use
forest resources effectively [20].
According to the variables modeled by the multiple linear regression analysis in our study, the most
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Unlike in our study, other studies that achieved results found that land ownership was one of the main
factors causing migration. According to them, migration was likely to be less common among people
who had more land [24].
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between the forest and forest villagers is gradually
weakening. The forest is not seen as an area of economic value most of the time. In addition, forestry
work is seen as lacking in importance, so villagers
are less and less interested in pursuing it. It may become an endeavor of the past. Forestry is perceived
as a temporary job that one takes on only when no
other work is available. Forest work does not provide
much motivation for villagers to stay in a village, especially when they are aware that jobs with a steady
salary and benefits can be found in cities.
To meet the challenges of these changes in forest village populations, Turkish forestry policies
must be reviewed so that they can address the longterm needs of the people who live within and adjacent to forests. There are various provisions for the
control of migration from villages and the development of these villages in the nation’s development
plans and the plans of the Forestry Special Expertise
Commission, National Rural Development Strategy,
National Forestry Programme, and regional-level organizations [18]. The effective fulfillment of the provisions for forest villagers and the control of migration from villages will be effective in solving the
problem.

CONCLUSION
There has been a downward trend in the size of
rural populations in Turkey since the 1980s. Because
forest villages are especially limited in terms of economic opportunities due to their structural characteristics, which differ from other villages, migration has
resulted in a significant decrease in the populations
of forest villages. The decrease has resulted in a situation in which parents remain as permanent residents of a village and the other members of the
household live elsewhere for various reasons. In this
study, the results obtained from the forest villages
sampled affirmed this situation. The high migration
rate among forest village households is an important
problem in forest communities, leading to labor difficulties. Similar findings have been seen in other
studies [12,14,27-28]. According to findings of the
World Bank in Turkey, migration is likely to be ongoing from households that must earn their income
from forests [12]. In our study, the villagers, especially the forest villagers, did not seem to pay much
attention to forestry activities because of the low income they produced. In addition to insufficient land
ownership in terms of yield and quantity, lack of animal ownership had accelerated migration from these
villages [19,29-34]. The fact that those migrating
from the forest villages were mostly young individuals caused a decrease in the number of people who
could work in these villages. The older people who
continued to live in the villages were limited in ability or unable to work on the land they owned if they
had forest work. Supporting organizations, such as
cooperatives, which are important for rural villages,
offer economic support to the older villagers. However, the migration of individuals who are younger
and active prevents these organizations from being
effective. Studies by [35] and [32] have noted that
the migration phenomenon has had both negative
and positive effects on forests. One of the most remarkable positive contributions has been that the human pressure on forests continues to be reduced.
Some agricultural land may revert to forest land because there is no one left to farm it, and in this way,
forest lands may expand within village borders.
The aging of villagers is one aspect of the
changes in rural areas in Turkey. One might say that
this is a result of migration rather than a falling rate
of population growth. There are different reasons for
the migration of young people who prefer a life other
than village life: they want more education, a marriage partner, and secure employment with benefits
such as health insurance. The economic relationship
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A SURVEY ON THE MAJOR AND TRACE ELEMENT
LEVELS IN HONEYS PRODUCED AND CONSUMED IN
ELAZIG, TURKEY
Osman Aygun*
Firat University, Keban Vocational School, Programme of Food Technology, Keban, Elazig, Turkey

harvesting process, packaging and storage are also
among the factors that affect the qualities of honey
[3, 5]. Metal concentrations in honey depend largely
on the flowers’ basic composition that vary
depending on their botanical and geographical origin
[6]. Dark honey types are also reported to contain
higher levels of minerals compared to light honey
types [7].
The main minerals found in honey are Na, K,
Ca, P, Mg, Al, Fe, Mn, Cu, Zn, Cl, S and Si.
However, it is reported that also some minerals such
as Pb, Cr, I, Mo, Co, Hg, Sb, Ni, Cd may be present
in honey either naturally or due to environmental
pollution factors [1, 8, 9]. It is reported that the honey
can be exposed to metal contamination also by
external sources such as agricultural chemicals and
incorrect treatments applied to honey, in addition to
industrial pollution [10]. While metals such as Na,
K, Ca, Zn, Fe and Cu are important and necessary for
some biochemical and physiological functions in the
human body, it is reported that some heavy metals,
especially Pb, As, Cd and Hg are toxic to human. The
excessive levels of these metals (Pb, As, Cd, Hg) in
foods are associated with the etiology of some
diseases such as cardiovascular, kidney, respiratory,
nerve and bone diseases [11].
It was carried out about 106 thousand tons of
honey production in 2016 in Turkey. In other words,
Turkey ranks second after China in the world honey
production rankings [12]. Although there are many
studies on the element contents of the honeys
produced in different provinces of Turkey [13-15],
in only one study [16], some toxic heavy metal levels
were determined in honeys produced in Elazig.
In the literature review, no any study was found
RQPDMRUDQGWUDFHHOHPHQWVLQKRQH\IURP(OD]Õ÷
The aim of this study is to determine the major and
trace element contents of honey produced in Elazig
city located in east of Turkey.

ABSTRACT
The aim of this study was to determine the
concentrations of major and trace elements in honeys
produced and consumed in Elazig province of
Turkey. The major (Na, K, Ca, Mg, P) and trace (Fe,
Cu, Zn, Mn, Se, Cr, V) element levels of 30 natural
liquid honey samples were determined by inductively coupled plasma with mass spectrophotometer
(ICP-MS). The mean concentrations of the major
and trace elements in honey samples decreased in the
following order: K > Na > P > Mg > Ca > Fe > Zn >
Mn > Cu > Cr > V > Se, with values of 230.20, 84.90,
39.15, 13.18, 9.16, 1.42, 1.36, 0.14, 0.12 mg/kg and
5.74, 2.41, 2.21 μg/kg, respectively. The results
indicated that the honeys produced and consumed in
Elazig were safe and of good quality for human
consumption with regard to the concentrations of
major and trace elements.

KEYWORDS:
Honey, mineral, trace element, ICP-MS, Elazig

INTRODUCTION
Honey is a natural animal product produced by
honey bees. Honey has an important place in human
nutrition and medicine because of its nutritious,
antibacterial, antifungal and antiviral effects [1].
Honey contain many essential food elements,
especially such as carbohydrates, amino acids,
vitamins, organic acids, volatile compounds,
enzymes and minerals [2, 3]. Honey has anticancer
activities against different types of tumors due to the
high antioxidant and anti-inflammatory effects of
flavonoids and phenolic acids contained in honey.
Furthermore, honey prevent oxidation of low density
lipoproteins in the cardiovascular system, and have
antidiabetic and protective effects against asthma
and bacterial infections in nervous and respiratory
systems and gastrointestinal tract [1, 4].
The composition and properties of honey vary
primarily depending on the botanical origin of the
nectar or honey extract, climate, geographical
regions, honey bee species. However, it is stated that

MATERIALS AND METHODS
Analysis of the minerals in a total of 30 honey
samples was carried out in Bayburt University
Central Research Laboratory.
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Honey Samples. Honey samples (~ 200 g)
were obtained from beekeepers and various markets
in Elazig province located in Eastern Anatolia
Region of Turkey (Figure 1). All 30 natural liquid
honey samples were kept in small glass jars, at room
temperature and in the dark until analysis.

in the honey samples in quantity were determined as
Fe, Zn, Mn, Cu, Cr, V and Se, respectively.
TABLE 2
Operating parameters of ICP-MS to
determination of minerals

FIGURE 1
The geographical location of honey samples
Digestion Procedures. Before mineral
analysis, 1 ml H2O2 (35%) and 9 ml suprapur HNO3
(65%) were added to 500 mg honey sample. The
samples were digested at 210 °C for 15 minutes in
microwave unit (Milestone Ethos UP, Italy). Digestion conditions for the microwave unit were given in
Table 1. After cooling, the samples were made up to
50 ml with distilled water and prepared for analysis.
TABLE 1
The microwave unit conditions
Stage
1
2

Time
20 min
15 min

Temperature
to 210 °C
at 210 °C

Fresenius Environmental Bulletin

Power
1800 W
1800 W

Determination of minerals. Determinations of
minerals in the honey samples were performed using
inductively coupled plasma mass spectrometry (ICPMS, Agilent, 7800, USA). ICP-MS conditions were
given in Table 2. The following 12 minerals were determined in honey samples: Sodium (Na), potassium
(K), calcium (Ca), magnesium (Mg), phosphorus
(P), iron (Fe), copper (Cu), zinc (Zn), manganese
(Mn), selenium (Se), chromium (Cr) and vanadium
(V).

Parameters

Conditions

Plasma gas
Plasma carrier gas
Auxiliary gas
He gas
RF power
RF matching
Nebulizer type
Nebulizer pump
Sample introduction type
Sample depth
Sampling period
Integration time
Acquisition time
Ion lenses model
Omega bias
Omega lens
Discriminator
Torch H
Torch V
Cell temperature
Cell heater voltage
Cell entrance
Cell exit
Deflect

15,02 L/min
1.05 L/min
0,9 L/min
0,0244 mL/min
1550 W
1.4 V
MicroMist
0.1 rps
Peripump
8 mm
0,311 sec
0,1 sec
23 sec
X-lens
-80 V
9,6 V
4,1 mV
0,1 mm
0,3 mm
64,98 °C
3,72 V
-30 V
-50 V
13.06 V

DISCUSSION
The trace elements are considered in three
groups according to their nutritional significance in
humans: Essential trace elements (I, Zn, Se, Cu, Mo,
Cr etc.), probably essential trace elements (Mn, Ni,
V etc.) and potentially toxic elements, some possibly
with essential functions (F, Pb, Cd, Hg, As, Al etc.)
[17]. The major and trace element contents (Na, K,
Ca, Mg, P, Fe, Cu, Zn, Mn, Se, Cr, V) of honeys
produced and consumed in Elazig were first
determined through this study (Table 3). In present
study, K was the most abundant mineral in analyzed
honey samples. The mean concentrations of the
major and trace elements in the honey samples
decreased in the following order: K, Na, P, Mg, Ca,
Fe, Zn, Mn, Cu, Cr, V and Se. In some previously
studies, the most abundant elements in honeys from
different regions of Turkey were determined as Fe,
Zn and Mn [13], Al, Zn and Fe [14] and K, Na and
Ca [15]. The results obtained in our study are
compatible with the results of Tuzen et al. [13] and
Altun et al. [15]. On the other hand, Alqarni et al.

Data assessment. Minimum, maximum and
mean values of numerical results obtained in present
study was performed by using Microsoft Office
Excel 2016 package program.

RESULTS
The mean amounts of minerals and their lowest
and highest values found in the honey samples
analyzed in this study were given in Table 1 and
Table 2. Most abundant minerals in the analyzed
honey samples were K, Na, P, Mg and Ca,
respectively. Also, the most abundant trace elements
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TABLE 3
Major and trace element concentrations in honey samples
Sample

Na*

K*

Ca*

Mg*

P*

Fe*

Cu*

Zn*

Mn*

Se**

Cr**

V**

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Min.
Max.
Mean
± SD***

78.75
26.38
154.94
13.91
0.0
3.14
0.0
0.0
15.50
26.99
17.76
21.98
26.32
4.28
36.54
42.37
42.46
108.20
762.17
57.15
437.00
34.72
39.54
4.67
19.72
35.75
372.75
12.77
118.96
32.38
0.00
762.17
84.90
± 162.7

307.25
79.06
504.07
62.61
892.37
268.83
274.97
237.79
67.41
67.57
480.08
206.45
253.08
115.92
222.51
63.28
271.17
284.88
69.04
180.17
134.54
311.84
283.03
164.07
225.54
90.23
212.97
116.26
312.70
144.91
62.61
892.37
230.20
± 169.6

10.15
0.54
10.14
0.29
25.02
9.01
8.68
5.79
0.16
3.25
8.23
6.44
6.83
8.85
6.93
0.99
9.18
9.51
16.06
8.20
14.44
7.29
44.07
7.97
9.13
10.54
9.52
5.67
9.63
2.25
0.16
44.07
9.16
± 8.27

16.75
4.51
21.80
3.55
31.30
13.94
12.87
8.20
3.92
3.81
11.04
7.57
12.17
5.69
7.39
3.83
10.44
31.19
14.07
6.08
14.69
12.85
30.83
7.16
10.53
13.68
25.78
7.94
34.27
7.48
3.55
34.27
13.18
± 9.10

70.87
3.86
67.87
0.0
0.0
14.29
5.61
10.44
5.07
8.13
55.98
43.69
32.43
3.91
78.30
36.41
94.61
51.16
58.81
107.31
72.59
72.20
82.30
27.95
48.96
55.95
65.68
0.0
0.0
0.0
0.00
107.31
39.15
± 33.2

1.82
0.66
2.84
0.42
2.35
2.31
2.05
2.34
0.74
0.93
1.18
2.09
1.16
1.29
1.06
0.49
1.72
9.65
0.59
1.16
0.54
1.71
1.18
0.35
0.01
0.00
0.66
0.02
0.16
1.00
0.00
9.65
1.42
± 1.74

0.22
0.13
0.23
0.00
0.16
0.13
0.15
0.15
0.02
0.01
0.13
0.11
0.12
0.03
0.13
0.00
0.18
0.14
0.11
0.14
0.13
0.13
0.14
0.07
0.12
0.13
0.16
0.04
0.13
0.14
0.00
0.23
0.12
± 0.06

1.71
0.28
1.83
0.00
1.74
0.85
3.51
2.38
0.00
0.00
2.43
4.12
1.13
1.36
2.15
0.00
2.66
1.76
0.37
0.61
0.47
0.68
0.22
4.90
0.05
1.00
1.02
1.50
0.65
1.29
0.00
4.90
1.36
± 1.25

0.19
0.01
0.22
0.00
0.42
0.24
0.19
0.12
0.00
0.04
0.24
0.14
0.17
0.08
0.17
0.02
0.23
0.16
0.06
0.19
0.12
0.16
0.19
0.33
0.10
0.02
0.21
0.00
0.00
0.00
0.00
0.42
0.14
± 0.11

1.84
1.29
3.47
2.49
5.97
2.70
4.51
3.64
3.26
3.56
3.77
1.70
4.36
0.37
4.91
1.96
3.63
1.93
0.94
2.21
1.44
0.42
0.0
0.79
0.89
3.19
1.15
0.0
0.0
0.0
0.00
5.97
2.21
± 1.64

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.36
0.05
0.0
0.0
8.24
6.84
16.70
5.84
19.61
35.77
17.62
13.28
16.26
0.22
4.97
11.82
14.75
0.0
0.0
0.0
0.00
35.77
5.74
± 8.78

4.26
0.84
4.17
0.54
8.62
4.50
2.09
3.30
0.67
0.32
1.73
3.10
1.88
1.26
2.06
0.40
2.12
2.45
3.11
3.00
1.90
4.71
1.93
1.07
1.13
1.66
2.76
1.12
1.95
3.59
0.32
8.62
2.41
± 1.70

*: in mg/kg, **: in μg/kg, ***: Standard deviation.

[18] found potassium the predominant mineral in
Saudian honeys, followed by Mg, Ca, Fe, P and Na
minerals. In the study of Czipa et al. [3], the most
abundant minerals in Hungarian honeys were found
to be K, Ca and P, respectively. This variability in
mineral content of honeys can be attributed to
various factors such as plant species, geographical
regions, industrial pollution and improper
treatments.
Potassium is essential component of living
cells and is commonly distributed in foods, whereas
sodium is the main cation of extracellular fluid and
primary regulator of extracellular fluid volume.
Under normal circumstances, dietary deficiencies of
K and Na due to low dietary intake are not observed
[19]. In the present study, the minimum K and Na
levels were 62.61 to 892.37 and 0.0 – 762.17 mg/kg
in the honey samples with mean levels of 230.20 and
84.90 mg/kg, respectively (Table 3). The mean
values of K and Na of honeys from south-eastern and
east Anatolia regions of Turkey were determined as
DQGPJNJE\<ÕOPD]DQG<DYX][20] and
as 45.5 and 2.92 mg/kg by Altun et al. [15],
respectively. While the values of K and Na found in

the present study are compatible with the results of
<ÕOPD]DQG<DYX][20], they are higher than those
of Altun et al. [15]. The some mean concentrations
of K and Na in Egyptian honeys were determined as
215 and 15550, 378 and 2550 mg/kg [6], in Iraqi
honeys 93.80 and 712.8, 51.0 and 120.8 mg/kg [9],
respectively. Potassium was determined in
Hungarian honeys at mean concentrations of 62.4 to
1158 mg/kg [3]. Compared to the studies mentioned
above, the K values obtained in this study are
comparable to those reported by Rashed and Soltan
[6] and Czipa et al. [3], but higher than those of Iraqi
honeys [9]. On the other hand, the Na level in the
honeys in our study is lower than that of the Egyptian
[6] and Iraqi honeys [9]. The minimum requirement
per day for adults is considered to be between about
1600 to 2000 mg for K and 115 mg for Na or about
300 mg for sodium chloride [19].
Most of the Ca, P and Mg of body are present
in bones. The extracellular Ca and Mg are required
for numerous biochemical and physiological
processes in human body. Deficiencies of these
minerals in the body can cause various vital function
disorders. The most important function of dietary P
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is to support tissue growth. The appropriate dietary
intakes for adults are considered to be 1000 mg/day
for Ca, 420 and 320 mg/day for Mg (for men and
women, respectively) and 700 mg/day for P [21].
The average levels of Ca, P and Mg in the honey
samples in the present study were 9.16 mg/kg, 39.15
mg/kg and 13.18 mg/kg, respectively (Table 3).
Calcium and magnesium levels in Turkish honeys
were found in mean concentrations of 51 and 33
mg/kg in honeys from south-eastern Anatolia [20]
and 42.6 and 26.7 mg/kg in honeys from Cankiri
province [22], respectively. The Ca value obtained
in our study is lower than the studies mentioned
above, whereas the Mg value is higher than those
determined in these studies. However, average Ca
value determined in our study was found higher than
the value (1.67 mg/kg) determined for honeys from
south and east region of Turkey [15]. On the other
hand, the some mean values of Ca and Mg were
determined as 140.8 and 240.8, 0.260 and 0.721
mg/kg in Iraqi honeys [9], 59.1 and 140, 14.6 and
89.3 mg/kg in Croatian honeys [23], respectively.
The some mean Ca and Mg concentrations in
Hungarian honeys were found to be 47.9 and 16.3
mg/kg [3] and some mean Mg values of the Egyptian
honeys also 102 and 1325 mg/kg [6]. In our study,
the Ca level of honeys was lower than those found in
honeys from south-eastern Anatolia [20], from
Cankiri [22], from Iraq [9], from Hungary [3] and
from Croatia [23], but higher than the Ca level in
honeys from south and east region of Turkey [15].
The Mg concentration in the honey samples tested in
our study is lower than those found in honeys from
Cankiri in Turkey [22], from Egypt [6] and from
Croatia [23], but higher than those in honeys from
Iraq [9]. In our study, the Mg level in honeys is in
agreement with that found in Hungarian honeys [3].
The mean P connetrations were determined as 21.10
and 33.29 mg/kg in Saudian honeys [18], 44.3 mg/kg
in Hungarian honeys [3]. The P content of honeys in
the present study was comparable with that
determined in Hungarian honeys [3], but higher than
that of reported by Alqarni et al. [18].
Iron is a constitutive component of
hemoglobin, myoglobin and many enzymes in
human body [19]. In our study, Fe concentrations in
the honey samples ranged from 0.0 to 9.65 mg/kg
and the mean value was 1.42 mg/kg (Table 3). In
previously carried out studies, the minimum and
maximum Fe amounts in honeys from different
regions of Turkey were determined between 1.8 10.2 mg/kg [13], 9.7 - 11.6 mg/kg [22] and 3.71 5.43 mg/kg [14]. The some mean concentrations of
Fe were found to be 58 and 3690 mg/kg in Egyptian
honeys [6], 0.11 and 0.44 mg/kg in Iraqi honeys [9],
1.29 and 10.3 mg/kg in Croatian honeys [23], 67.18
and 98.13 mg/kg in Saudian honeys [18] and 0.76
mg/kg in Hungarian honeys [3]. Iron amounts in
Egyptian and Saudi honeys are considerably higher
and of in Iraqi honeys are considerably lower than
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those found in our study. Recommended dietary
allowance for Fe is 8 mg/day and 18 mg/day for men
and women ages 19 through 50 years, respectively,
whereas tolerable upper intake level for adults is 45
mg/day [24].
In our study, the average values of Cu, Zn and
Mn of the honey samples were determined as 0.12
(0.0 - 0.23) mg/kg, 1.36 (0.0 – 4.90) mg/kg and 0.14
(0.0 – 0.42) mg/kg, respectively (Table 3). Tuzen et
al. [13] found the minimum and maximum
concentrations of Cu, Zn and Mn as 0.23 - 2.41, 1.1
- 12.7 and 0.32 – 4.56 mg/kg in the honeys from
different regions of Turkey, respectively. The mean
Cu, Zn and Mn concentrations were determined as
0.17, 0.67 and 0.13 mg/kg in the honeys from
Cankiri in Turkey, respectively [22]. In another
study, the mean amounts of Cu, Zn and Mn in honeys
from different regions of Turkey were 0.87, 7.92 and
0.49 mg/kg, respectively [14]. The some mean
concentrations of Cu, Zn and Mn were found to be
1.0 and 1.75 mg/kg, 5.0 and 9.3 mg/kg, 0.50 and 5.7
mg/kg in Egyptian honeys [6], 0.189 mg/kg, 2.32
mg/kg and 1.03 mg/kg in Hungarian honeys [3], 0.07
and 2.14 mg/kg, 0.46 and 7.19 mg/kg, 0.19 and 3.77
mg/kg in Croatian honeys [23], respectively. The
mean Cu, Zn and Mn values of Elazig honeys were
low compared to results of Tuzen et al. [13], Yarsan
et al. [14], Rashed and Soltan [6]. However, the
amounts of Cu and Zn in our study are comparable
with the results of Döker et al. [22], Czipa et al. [3]
and Bilandzic et al. [23]. The mean Mn amount in
the honey samples in the present study is lower than
the results obtained by Czipa et al. [3] and Bilandzic
et al. [23]. Copper, zinc and manganese are essential
elements for humans, however, they also may cause
adverse health effects when in excess. The adequate
dietary intake for adults was considered 0.9 mg for
Cu, 8 and 11 mg/day for Zn (for women and men,
respectively), and 1.8 – 2.3 mg/day for Mn (for
women and men, respectively). On the other hand,
the tolerable upper intake level for adults was
considered 10 mg/day for Cu, 40 mg/day for Zn, and
11 mg/day for Mn [24]. Considering that the amount
of honey an adult (60 kg) can consume in a day is 15
g [25], none of the honey samples analyzed in our
study contains toxic quantities of Cu, Zn and Mn.
It is known that Se is an essential element for
human body and present at the active site of
glutathione peroxidase, an enzyme that plays a role
in the breakdown of hydroperoxides. Also, some
diseases in animals occur by simultaneous
deficiencies of Se and vitamin E [19]. Selenium
concentrations ranged from 0.0 to 5.97 (mean 2.21)
μg/kg in the honey samples in the present study
(Table 3). Tuzen et al. [13] found the Se levvels in
honeys from different regions of Turkey between 38
and 113 μg/kg. In other Turkish studies, mean Se
concentrations were determined as 60.7 μg/kg in the
honeys from Cankiri province [22] and as 54.1 μg/kg
in the honeys from south and east region [15].
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However, the mean Se level found in honeys in our
study was lower than the values reported in the
studies mentioned above. The some mean Se
amounts were found to be 2.4 and 34.8 μg/kg in Iraqi
honeys [9], 0.40 and 9.46 μg/kg in Croatian honeys
[23] and 13.2 μg/kg in Hungarian honeys [3]. The
mean Se value determined in our study is
comparable with the results mentioned in above
studies. The recommended dietary allowance for Se
LVȝJGD\DQGȝJGD\LQDGXOWPHQDQGZRPHQ
respectively [19].
Chromium has beneficial effects on circulating
glucose, insulin, and lipids in human and animals.
The toxicity of Cr varies greatly according to the
valence status. The ingested trivalent Cr has a low
toxicity level due in part to its poor absorption.
However, hexavalent Cr is a by-product of
manufacturing numerous products such as stainless
steel, pigments and chromate chemicals. It is not
found in food and know as a carcinogen when
inhaled [24]. In our study, the mean, lowest and
highest Cr concentrations in the honey samples were
determined as 5.74, 0.0 and 35.77 μg/kg,
respectively (Table 3). In the study of Tuzen et al.
[13], Cr levels ranged from 2.4 - 37.9 μg/kg in
honeys from different regions of Turkey. Also, the
mean Cr values of honeys from different regions of
Turkey were determined as 200 μg/kg by Yarsan et
al. [14] and 88.1 μg/kg by Döker et al. [22]. On the
other hand, Cr concentrations were found to be
between 4.8 - 36.7 μg/kg in Hungarian honeys [3]
and 2.69-66.3 μg/kg in Croatian honeys [23]. Our
result found in Elazig honeys for Cr is comparable
with the results of Tuzen et al. [13], Czipa et al. [3]
and Bilandzic et al. [23], but is lower than the results
of Yarsan et al. [14] and Döker et al. [22]. Chromium
accumulates in acidic foods during preparation and
processing, especially when heated in stainless steel
containers [24]. Chromium content of honey is
affected by contact with stainless steel surfaces
during harvesting, processing and preparation of
honey due to the corrosive effect of honey acidity
and by geographical, floral, environmental, and
geological factors [13, 18, 22]. The adequate dietary
intake for Cr is reported as 35 ȝJGD\DQGȝJGD\
for men and women ages 19 through 50 years,
respectively. A tolerable upper intake level for Cr
has not been established, due to few serious adverse
effects associated with excess intake of Cr from food
[24]. In our study, Cr concentrations determined in
all honey samples did not exceed the adequate daily
intake.
Although V has been reported to have an insulin-like effect, reduces hyperglycemia, regulates insulin secretion, inhibits the activity of various enzymes (ATPases, phosphatases etc.) and induces cell
multiplication and differentiation, its function in
human body is not yet adequately described [24].
Vanadium has shown therapeutic potential in patients with diabetes mellitus. It is present in a variety
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of foods such as skim milk, vegetable oils, grains and
cereals etc. [26]. In the present study, the mean,
lowest and highest V concentrations in the honey
samples were determined as 2.41, 0.32 and 8.62
μg/kg, respectively (Table 3). Only one study have
been found on the concentrations of V in Turkish
honeys. In mentioned study, V concentrations in
honeys from Cankiri province varied between 23.50
- 31.40 μg/kg and the average value was found as
26.6 μg/kg [22]. The some mean concentrations of V
were determined as 9.1 and 86 μg/kg in Iraqi honeys
[9] and 1.15 and 36.2 μg/kg [23]. These values are
higher than the values determined in our study. It has
been reported that the recommended dietary allowance or adequate intake for V was not yet been determined, however, the intake of V ranged from 6 to
ȝJSHUGD\7KHWROHUDEOHXSSHULQWDNHOHYHOIRU
elemental V for adults was reported also as 1.8
mg/day [24].

CONCLUSIONS
Major and trace element contents of honeys
produced and consumed in Elazig were first
investigated by this study. The determined major and
trace element concentrations in the honey samples
showed differences. In this study, K was the most
abundant mineral in the honey samples. The results
of this study indicated that honeys produced and
consumed in Elazig are safe and of good quality for
human consumption with regard to the
concentrations of major and trace elements. The
mineral contents of honeys may vary depending on
various factors, such as botanical origins,
geographical conditions, contact with metal
containers or equipment during storage, processing,
or shipping, environmental pollution caused by
industry and exhaust gases [3, 6, 13, 14, 27]. Further
studies that also take into consideration bee colonies,
geographical areas and flower species are needed to
determine the factors affecting the mineral contents
of Elazig honey.
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ABSTRACT

INTRODUCTION

The oil and gas resources in the Ordos Basin
are very rich, which is directly related to China's oil
and gas strategic reserves and environment. In this
paper, taking the Chang 7 source rock in the southeastern area of the Ordos Basin as an example, we
systematically analyzed the deposition environment,
distribution law, geochemical characteristics and hydrocarbon generation potential of the Chang 7 source
rock using drilling and logging tests. The results
show that the lacustrine deposits mainly developed
in the Chang 7 sedimentary period of the study area.
The Chang 73 sub-member is a key period for the development of the lake basin. It mainly develops dark
gray, gray-black mudstone facies, black shale facies
and gray siltstone facies rocks. The source rocks are
mainly distributed in the Chang 73 sub-member, with
relatively large thickness, good lateral continuity,
and large distribution range. Its maximum thickness
exceeds 30 m. According to organic matter abundance, organic matter type, and organic matter maturity, the organic matter types of Chang 7 source
rocks in the study area are mainly type I (humus type)
and II1 (humic-humus type). The lower maturity of
Chang 7 source rock indicates that the source rock
has a lower degree of thermal evolution and more
organic matter is preserved, that is, the contained organic matter has great potential for hydrocarbon generation.

Source rock is one of the key factors controlling
the formation and distribution of oil and gas reservoirs [1-3]. In recent years, research and evaluation
of source rocks have become an important tool for
effectively predicting and discovering oil and gas resources. China's proven oil reserves mainly come
from the Paleogene and Cretaceous. China's average
annual newly added proven oil and gas reserves
reach more than 10 × 108 t oil equivalent [4-6].
In recent years, new technologies and advanced
analytical testing methods have been widely used in
the evaluation of source rocks [7-11]. For example,
solid-state nuclear magnetic resonance technology
can analyze the chemical structure of organic components [12-14]. It can divide organic carbon into oil
potential carbon, gas potential carbon and inert carbon, and can estimate the oil generation and gas generation potential of different organic components
[15-16]. Micro Fourier infrared spectroscopy can be
used to study the changes in the structure of aliphatic
hydrocarbons, oxygen-containing functional groups
and aromatic hydrocarbons in organic components
with thermal evolution, and then reflect the process
of oil and gas generation [17-19]. In terms of maturity testing, vitrinite reflectance has long been
widely used as a geological thermometer. However,
it has many limitations. The source rocks of marine
strata in the following Paleozoic often lack vitrinite
components. Therefore, the degree of thermal evolution it represents is often lower than the actual situation.
The Ordos Basin is in the central part of mainland China, with total oil resources exceeding 10 billion tons, and it is a large-scale comprehensive energy replacement base in China [20-21]. With the
continuous improvement of the degree of exploration in recent years, the new reserves in the area have
decreased year by year, and the long-term stable development of the oil field is difficult to guarantee.
Therefore, an in-depth evaluation of the Chang 7

KEYWORDS:
Source rocks, sedimentary environment, geochemical
characteristics, hydrocarbon generation environment, maturity, Ordos Basin
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source rock in this area is necessary. In this paper,
we conducted tests on total organic carbon content,
chloroform asphalt "A", and rock pyrolysis of Chang
7 source rock in the southeastern Ordos Basin. The
core and logging data are used to study the plane distribution characteristics of Chang 7 source rock and
its hydrocarbon generation potential. This study can
provide a basis for the exploration and deployment
of the Yanchang Formation in this area.
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Research methods. This study is guided by the
theoretical methods of sedimentary petrology, petroleum geology, oil and gas geochemistry and geophysical well logging. With the help of logging
curves, core descriptions and other data, we use the
characteristics of the marker layer for stratigraphic
comparison and division. In this paper, we systematically studied the sedimentary background, distribution pattern and geochemical characteristics of the
Chang 7 source rock in the study area. At the same
time, the hydrocarbon generation potential of the
source rock was evaluated according to geochemical
indicators.

MATERIALS AND METHODS
Geological background. The Ordos Basin is a
multi-cycle superimposed basin developed on the
Paleozoic North China stable craton. The Ordos Basin is located in the western part of the North China
Platform, and the regional structure is a gentle monoclinic with a westward dip. According to sedimentary cycles, the Yanchang Formation in the Ordos
Basin is divided into 10 oil layer groups from top to
bottom, that is, Chang 1 to Chang 10 Members.
Among them, high-quality source rocks are developed in Chang 7 and Chang 9 Members. The study
area is located at the Weibei Uplift in the southeast
of the Ordos Basin. It is in the transition zone between the Qinling Orogenic Belt and the Ordos
Block (Figure 1).

RESULTS
Stratigraphic division. The selection of the
marker layer mainly refers to the log curves of
gamma, electric potential, acoustic wave time difference and well diameter. The main sign layers are K1
and K2. The K1 marker

FIGURE 1
Location of the study area.
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TABLE 1
Comparison results of the Chang 7 Member in the study area.
Oil layer group
Chang 7
Sub-oil layer group
7¹
7²
7³
Thickness (min-max) (m)
30~50
30~55
30~60
Average thickness (m)
36
35
38

FIGURE 2
Comprehensive histogram of strata in the study area.
layer, also known as "Zhangjiatan Shale", is distributed at the bottom of the Chang 7 oil layer formation,
which is mainly formed due to the deepening of the
lake basin water body and is widely developed in the
basin. The lithology is gray-black, black mudstone
and shale source rocks. The K2 mark layer is the dividing line between Chang 6 and Chang 7 Members.
It is distributed on the top of the Chang 7 Member or
the bottom of the Chang 6Member. The prominent
lithological combination is its remarkable symbol.

Based on the statistics of the stratification data
of nearly 100 wells in the basin, combined with the
results of stratigraphic correlation, we divided the
Chang 7 oil layer group into three small layers:
Chang 71, Chang 72 and Chang 73 sub-members, as
shown in Table 1. The Chang 73 sand layer is generally composed of a set of pure gray-black shale, silty
mudstone and argillaceous siltstone. The electrical
characteristics are generally high gamma, high resistance and high acoustic wave. The thickness of the
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formation is about 30 ~ 60 m. Chang 72 uses a set of
sandstone bottoms as the boundary with Chang 73.
The lithology of the Chang 72 sand layer is dark gray
to gray-black mudstone, silty mudstone and fine
sandstone, and the thickness of the stratum is about
30~50 m. Chang 71 uses a set of sandstone bottoms
as the boundary with Chang 72. The lithology of the
Chang 71 sand interval is similar to that of the Chang
72 sand interval, and its formation thickness is about
30-60 m.
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stage of retreat. Although there are repetitions, the
water body gradually becomes shallower and the
lake basin gradually shrinks until it disappears. According to previous research results, logging curve
morphology, and core observations, lacustrine facies
mainly developed in the study area, as shown in Figure 2.
To study the main types of lithofacies in this
area, we cut several thin sections from the core samples to study. According to the observation results of
core and thin section, combined with rock minerals,
biological assemblages and rock structure, we believe that there are three main types of lithofacies in
the rock layer in this area. They are dark gray, grayblack mudstone facies, black shale facies and gray
siltstone facies, as shown in Figure 3.

Lithofacies analysis. The strata encountered in
the study area are Quaternary, Cretaceous, Jurassic
and Triassic from top to bottom. The Triassic Yanchang Formation is the main exploration target stratum in this area. The Chang 7 oil layer group is dominated by black mudstone and shale, and develops
thin turbidite and thick massive sandstone. This set
of strata is the product of the heyday of lake basin
development in the Yanchang Formation.
The Yanchang Formation in the Ordos Basin is
a complete sedimentary cycle consisting of water ingress and retreat sequences. Chang 8 and Chang 7
are the stage of lake advancement, the lake basin
gradually expands, and the water body gradually
deepens. In the longitudinal direction, the sediments
change from coarse to fine, and the length 7 reaches
the maximum value. Chang 6 and Chang 1 are the

Organic matter abundance of source rocks.
Total organic carbon (TOC), chloroform asphalt "A",
total hydrocarbons and hydrocarbon generation potential (S1 + S2) are commonly used parameters in
the evaluation of organic matter abundance of source
rocks. According to the evaluation criteria for the organic matter abundance of mature continental source
rocks in China, the Chang 7 source rocks in the
southeast of the Ordos Basin were evaluated. The results are shown in Figure 3.

FIGURE 3
Characteristics of black, dark gray and gray-black mudstone facies of Chang 7 Member.
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FIGURE 4
Distribution characteristics of geochemical parameters of Chang 7 source rocks in the study area.
Notes: (a) Distribution of TOC; (b) Distribution of rock chloroform asphalt "A"; (c) Distribution of total hydrocarbon HC; (d)
Distribution of S1 + S2.

The distribution of Chang 7 source rocks in the
study area ranges from 2.98% to 26.16% (Figure 4a),
with an average of 13.144%. Its main frequency is
distributed between 10% and 20%, and the number
of such samples accounts for 60% of the total number of samples. The TOC content of the samples is
greater than 1.0%. Therefore, it can be known from
the evaluation criteria of organic matter abundance
that it is a good source rock. The chloroform asphalt
"A" in the Chang 7 source rock in the study area varies from 15.74% to 23.37% (Figure 4b), with an average value of 17.93%. Its main frequency is distributed between 15% and 17% and accounts for 50% of
the total number of samples. The TOC content of the
samples is greater than 0.1%. Therefore, it can be
known from the evaluation criteria of organic matter
abundance that it is a good source rock. The total hydrocarbon HC (10-6) of
Chang 7 source rock in the study area varied
from 803 to 1226 (Figure 4c), with an average value
of 979. The total hydrocarbon content is greater than
500 × 10-6. Therefore, according to the evaluation
criteria of organic matter abundance, Chang 7 source
rocks in the study area are generally good-best grade
source rocks.
The hydrocarbon generation potential of Chang
7 source rock in the study area varies from 15.9% to

149.58%. The main frequency distribution is concentrated between 60 mg/g ~ 120 mg/g and accounts
for 60% of the total number of samples. Among them,
90% of the source rock samples reached the best
level (Figure 4d). Therefore, according to the evaluation criteria of organic matter abundance, Chang 7
source rocks in the study area are generally goodbest grade source rocks.
Types of organic matter in source rocks. The
type of organic matter has an important influence on
the source rock. The type of organic matter determines the hydrocarbon generation potential of the
source rock and the type of material produced [22].
Based on geochemical indicators such as kerogen
micro-components, rock pyrolysis parameters, and
soluble organic matter composition characteristics,
we analyzed the types of dispersed organic matter in
potential source rocks in the study area.
According to the observation results of kerogen
micro-components, the inert group is rare in its micro-component, the chitin group and the vitreous
group are more common in the samples. The statistical results show that the average content of the vitreous group is 24%, the average content of the chitin
group is 33%, and the average content of the putrid
group is 43%. It can be seen that the sapropel group
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and the chitin group are the main components of the
microscopic components of organic matter. Analysis
of the results of this microscopic component test revealed that the parent material type of the samples is
mainly type II. By determining the content of different microscopic components in kerogen, it is concluded that the Chang 7 source rocks in the study
area are mainly type II2 kerogen.
According to the H/C and O/C values of kerogen, different types of kerogen can be distinguished.
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The H/C ratio of Chang 7 source rock in the study
area is mainly between 1.01 and 1.3, and the O/C ratio is between 0.02 and 0.05. The organic matter
types are mainly type I and II1.
Rock pyrolysis parameters. Table 2 shows the
division of organic matter pyrolysis parameters and
types of Chang 7 source rock in the study area.

TABLE 2
Pyrolysis parameters and types of organic matter in Chang 7 source rock in the study area.
Sample number
H3Y-02
H3Y-10
H3Y-18
H3Y-24
H3Y-32
TC-H2-16
TC-H2-24
TC-H2-30
TC-H2-44
TC-H2-52

IH (mg/g)
497
523
545
558
495
478
537
546
535
555

D (%)
45.11
46.87
49.24
50.47
43.67
44.29
49.9
47.62
47.46
48.87

S1+S2 (mg/g)
63.59
52.69
81.09
104.83
23.10
15.90
67.63
98.22
149.58
103.62

TYC (mg/g)
46.84
41.48
48.28
49.94
30.98
56.04
64.36
28.1
36.89
33.47

FIGURE 5
Relationship between IH and Tmax of Chang 7 source rock in the study area.

FIGURE 6
Relationship between D and Tmax of Chang 7 source rock in the study area.
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The content of free hydrocarbon (S1) in Chang
7 source rock in the study area is 1.36 ~ 9.65 mg/g;
the minimum pyrolysis hydrocarbon content is 14.23
mg/g, the maximum value can reach 139.93 mg/g,
and the hydrogen index value is 478 ~ 558 mg/g, the
maximum pyrolysis peak temperature of the source
rock is 430 ~ 437 °C.
The advantage of the IH-Tmax diagram is that it
can also consider the impact of the maturity index on
the organic matter type index, and avoid the uncertainty of the oxygen index due to the large external
influence factors (organic CO2) [23-24]. In this study,
the hydrogen index and pyrolysis peak temperature
(Tmax) charts of the French Petroleum Institute were
used to classify the organic matter types of crude oil
rocks (Figure 5). The results show that the peak pyrolysis temperature range of the source rock samples
in the working area is 430 °C ~ 437 °C, and the kerogen is type I and type II1.
For immature source rocks, effective carbon
and total organic carbon are the original carbon that
has not been changed by thermal degradation. With
the increase in maturity, kerogen begins to undergo
thermal degradation and hydrocarbon generation.
The carbon element of residual organic matter or effective carbon continues to decrease. When the hydrocarbon generation threshold is exceeded, as the
depth of the source rock burial increases, the maturity increases accordingly, and the degradation rate
of the source rock gradually decreases. Therefore,
we can see from Figure 6 that D decreases with the
increase of Tmax. We use the degradation rate D and
Tmax plates to divide the organic matter types of
source rocks. The kerogen types of the Chang 7
Member source rocks in the southeast of the Ordos
Basin are mainly type I and type II1.
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Soluble organic matter composition. The saturated hydrocarbon content of Chang 7 source rock
in the study area is distributed between 28.92% and
45.54%, with an average content of 36.86%. The average content of aromatic hydrocarbon is 18.01%,
and the ratio of saturated hydrocarbon to aromatic
hydrocarbon is distributed between 1.52 and 2.78.
According to the classification criteria of organic
matter types, the organic matter types of Chang 7
source rocks are mainly type I (humic type) and type
II (humus-humic type). In summary, the organic
matter types of Chang 7 source rocks in the study
area are mainly type I and type II1 kerogen, followed
by type II2 kerogen.
Organic maturity. The pyrolysis temperature
of Chang 7 source rock in the study area is between
430 °C and 437 °C, and the main frequency is distributed between 432 °C and 434 °C. Among them,
80% of the samples are in the immature stage, and
20% are in the low-mature stage (Figure 7). Overall,
the source rock is in the immature-low maturity
stage.
Vitrinite reflectance (Ro). When the thermal
evolution of organic matter reaches the threshold
temperature, the kerogen can mature and generate
hydrocarbons in large quantities. As the thermal evolution of organic matter increases, the reflectance of
vitrinite increases regularly [13, 25]. This feature is
irreversible and it is a function of effective time and
temperature. The more intense the effect of thermal
deterioration, the higher the reflectance of vitrinite.

FIGURE 7
Distribution of Tmax of Chang 7 source rock in the study area.
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FIGURE 8
Distribution of Ro of Chang 7 source rock in the study area.
The Chang 73 sub-member is a key period for the development of the lake basin. It mainly develops dark
gray, gray-black mudstone facies, black shale facies
and gray siltstone facies rocks. The source rocks are
mainly distributed in the Chang 73 sub-member, with
relatively large thickness, good lateral continuity,
and large distribution range. Its maximum thickness
exceeds 30 m.
(3) According to organic matter abundance, organic matter type, and organic matter maturity, the
organic matter types of Chang 7 source rocks in the
study area are mainly type I (humus type) and II1
(humic-humus type). The lower maturity of Chang 7
source rock indicates that the source rock has a lower
degree of thermal evolution and more organic matter
is preserved, that is, the contained organic matter has
great potential for hydrocarbon generation.

According to analysis, the Ro value of Chang 7
source rock in the study area is between 0.54% and
0.76%, and the main frequency is between 0.5% and
0.7% (Figure 8). According to the SY/T 5735-1995
standard, it is in a low-maturity-mature stage. Based
on the test results of Ro and Tmax values, it is believed
that the Chang 7 source rock in the study area is in a
low mature-mature stage.
If most of the kerogen in the source rock degrades to form hydrocarbons, it is necessary to have
matching burial history and epigenetic stages. Conversely, if you are looking for source rocks with high
oil production rates, the ideal goal is a source rock
that is shallowly buried and still in a relatively immature stage. Therefore, rock layers that contain organic matter but are buried deep are not good source
rocks. The lower maturity of Chang 7 source rock in
the study area indicates that the source rock has a
lower thermal evolution degree and generates less oil
and gas. Therefore, it contains many organic matters,
and the contained organic matter also has great potential for hydrocarbon generation.
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CONCLUSIONS
(1) In this paper, taking the Chang 7 source
rock in the southeastern area of the Ordos Basin as
an example, we systematically analyzed the deposition environment, distribution law, geochemical
characteristics and hydrocarbon generation potential
of the Chang 7 source rock using drilling and logging
tests.
(2) The lacustrine deposits mainly developed in
the Chang 7 sedimentary period of the study area.
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EFFECTS OF SOME BIOINSECTICIDES ON MACROSIPHUM
ROSAE (L.) AND MYZUS PERSICAE (SULZER)
(HEMIPTERA: APHIDIDAE)
Alime Bayindir Erol*, Oktay Erdogan
Pamukkale University, School of Applied Sciences, Organic Farming Business Management Department, Civril, Denizli, Turkey

control against these pests [7, 8]. Intensive and
unconscious use of these chemicals cause pest resistance, negative effects on non-target organism
and humans over the time course [9, 10]. Therefore,
biological control, which is one of the alternative
pest control method, should be a priority [11]. The
entomopathogenic fungi are more preferred in this
control method since they are widely isolated and
penetrate by cuticles in the control of against insect
with stinging-sucking mouth structure. At the same
time, the importance of entomopathogenic fungi is
being natural, easily formulated, less resistance
expansion and no damaging effects on human and
environment [12, 13]. Due to these advantages,
many new fungal types based on biopesticides have
been commercialized. Among commercial 171
entomopathogenic fungi consisted of Beauveria
bassiana with 33.90%, Metarhizium anisopliae
with 33.90%, Isaria fumosorosea with 5.80% and
B. brongniartii with 4.10% [14, 15]. Recently, more
than 700 species of fungi from around 90 genera
are pathogenic to insects [14, 16] and some species
such as Lecanicillium sp. [17, 18], B. bassiana [19],
M. anisopliae [20, 21], I. fumosorosea
(=Paecilomyces fumosoroseus) [22], Lecanicillium
lecanii (=Verticillium lecanii) [23] are commercially produced and used against aphids and many
insect pests [24]. Entomopathogenic fungi infect
the Hemiptera, Diptera, Coleoptera, Lepidoptera,
Orthoptera and some insects belong to Hymenoptera orders [25]. In this study, it was aimed to determine the biologic activities of some bioinsecticides contain entomopathogenic fungi such as B.
bassiana (Nostalgist BL®), V. lecanii (Nibortem®)
and M. anisoplia (Met 52®) against M. rosae and
M. persicae under laboratory conditions.

ABSTRACT
In this study, biological activities of bioinsecticides which has three different entomopathogenic
fungi (Nostalgist BL®-Beauveria bassiana; Nibortem®-Verticillium lecanii and Met 52®Metarhizium anisopliae) against Macrosiphum
rosae L. and Myzus persicae (Sulzer) (Hemiptera:
Aphididae) were examined under laboratory conditions. Therefore, bioinsecticides were applied to the
second stage nymphs of both aphids by spraying
method as the commercially recommended rate.
Petri trials were conducted based on randomized
parcel trial patterns with 5 replicates. After the
applications completed, results were evaluated by
counting on live individuals at the 1st, 3rd, 5th and 7th
days. The overall results of the study determined
that bioinsecticides infect both aphids. While the
effects of bioinsecticides on M. rosae were determined as 100.00% on the 5th day of counting for
Met 52® and Nostalgist BL® and all bioinsecticides
on the 7th day of counting of the applications. The
highest mortality rates of the bioinsecticides application on M. persicae were recorded in the Nostalgist BL®, with 23.00%, 70.00%, 82.00% and
91.00%, respectively. As a result, it was found that
the Nostalgist BL® was an effective microbial control agent on the second stage nymphs of both M.
rosae and M. persicae.

KEYWORDS:
Macrosiphum rosae, Myzus persicae, bioinsecticides,
biological control

INTRODUCTION
MATERIALS AND METHODS

Aphids, an important group in terms of number and density, have about 4700 species of 599
genera described in the world [1]. These pests seriously damage to plants by sucking plant juice, and
they act as vector of viruses [2-5]. However, their
number increases rapidly by having a parthenogenetic reproduction and giving offspring in a short
period of time [6]. Many chemical insecticides with
active ingredients such as acetamiprid, organophosphates, thiametoxam, imidacloprid, synthetic pyrethroids and neonicotinoids are used in chemical

Plant and aphid production. Myzus persicae
individuals were produced on Mostar F1 pepper
variety (Capsicum annuum L.). Pepper plants and
M. persicae individuals were grown in climate
cabinets at 25±1°C, 60±5% RH and 16:8 hours
(light:dark) lighting conditions. In order to ensure
the continuity of both aphid and healthy pepper
plants, sustaining of population were maintained by
bringing healthy plants to the cabinet in weekly.
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TABLE 1
Bioinsecticides used in the experiment, active ingredient and dosage
Commercial Name
Met 52®
Nostalgist BL®
Nibortem®

Active Ingredient
Metarhizium anisopliae var. anisopliae strain F52
Beauveria bassiana strain Bb-1
Verticillium lecanii strain V1-1

The M. persicae individuals used in the experiments were obtained from the stock cultures of the
Organic Farming Laboratory of the School of Applied Sciences, Pamukkale University,Turkey. The
M. rosae individuals were obtained from the natural
environment.

Active Ingredient Ratio
9x1011 CFU kg-1
1x108 CFU ml-1
1x108 CFU ml-1

Dosage
50 gr 100 L-1
250 ml 100 L-1
250 ml 100 L-1

using one-way variance analysis (ANOVA) and
results were analyzed with IBM SPSS® Statistics
Program (Version 20.0, August 2011, SPSS Inc.,
Chicago, IL, USA). Furthermore, multiple comparisons were made through Tukey’s HSD using SPSS
® for data analysis (version 17.00 Software. 2006
SPSS.Inc.Chicago.il, USA). Tukey’s multiple comparison test (P<0.05) was used to compare the
means. In addition, insect mortalities were calculated by using Abbott’s formula [26].

Preparation
of
bioinsecticides
and
application to aphids. The commercial name,
active ingredient, active ingredient ratio and dosage
of bioinsecticides used in the experiment are given
in Table 1. In treatments, raised petri dishes (9 cm
diameter) were used. In order to conserve the water,
blotting paper with a thinly cut sponge was placed
on the bottom of the petri dish. Clean pepper or
rosa leaves were transferred to this petri dishes
whichever aphid was applied. The cells with a size
of 5x4 cm and 4 cm2 opening were placed on the
surface of these leaves. After these procedures, five
insects from the second stage nymphs under a stereo-binocular microscope were transferred to the
petri dishes by using fine sable brush. The bioinsecticides prepared according to the application doses
were sprayed with the hand sprayer on the nymphs
three times from a distance of about 20 cm. After
the applications, the petri dishes were left to dry for
10 minutes. Afterwards, to prevent the aphids from
escaping through the cells, covers made of glass
material with 5x4 cm were used. The control
groups only sterile distilled water was sprayed to
the nymphs. All the experiments were conducted
based on randomized parcel trial patterns with 5
replicates. All petri dishes prepared were kept at
climate cabinets where lighting conditions are provided by 25±1°C temperature, 60±5% RH and 16:8
hours (light:dark). The counts in petri experiments
were made by considering live individuals on the
1st, 3rd, 5th and 7th days.

RESULTS AND DISCUSSION
As a result of the petri experiment, the number
of living individuals as a result of the application of
bioinsecticides to the second stage nymphs of M.
rosae by spraying methods are given in Table 2.
The lowest number of living individuals in the first
day counts was determined in the Met 52®, while it
was statistically in a different group. All bioinsecticides on the 3rd, 5th and 7th day counts of the applications, except for the control application, were
statistically in the same group. The number of live
individuals on the 5th day counts of application in
Met 52® and Nostalgist BL®, and in all bioinsecticides applied on the 7th day counts were not recorded (Table 2).
The numbers of living individuals as a result
of the application of bioinsecticides to the second
stage nymphs of M. persicae by spraying method
are given in Table 3. While the bioinsecticides and
control application on the first day counts were in
the same group, the bioinsecticides on the 3rd, 5th
and 7th day counts were in the statistically different
group from the control application. The lowest
number of living individuals on the 1st, 3rd, 5th and
7th day counts of petri experiments were recorded in
the Nostalgist BL®, and this is followed by the
Nibortem® (Table 3).

Evaluation of the data. Data were tested by

TABLE 2
The number of living individuals as a result of the application of different bioinsecticides to the second
stage nymphs of Macrosiphum rosae*
Bioinsecticides

1 DAA

3 DAA

5 DAA

7 DAA

Met 52®
Nostalgist BL®
Nibortem®
Control

4.40±0.24b
5.00±0.00a
5.00±0.00a
5.00±0.00a

1.60±0.40b
0.80±0.37b
2.60±0.81b
4.80±0.20a

0.00±0.00b
0.00±0.00b
0.20±0.20b
4.80±0.20a

0.00±0.00b
0.00±0.00b
0.00±0.00b
4.80±0.20a

*The means followed by the same letters are not significantly different from each other according to the Tukey’s HSD (P<0.05)
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TABLE 3
The number of living individuals as a result of the application of different bioinsecticides to the second
stage nymphs of Myzus persicae*
Bioinsecticides
Met 52®
Nostalgist BL®
Nibortem®
Control

1 DAA
4.80±0.20a
3.60±0.60a
4.60±0.24a
4.80±0.20a

3 DAA
3.00±0.32b
1.40±0.24b
2.60±0.75b
4.80±0.20a

5 DAA
1.80±0.49b
0.80±0.37b
2.40±0.75b
4.80±0.20a

7 DAA
1.20±0.37b
0.40±0.24b
1.00±0.45b
4.80±0.20a

*The means followed by the same letters are not significantly different from each other according to the Tukey’s HSD (P<0.05)

TABLE 4
Mortality rates (%) due to the application of different bioinsecticides to the second stage nymphs of
Macrosiphum rosae*
Bioinsecticides
Met 52®
Nostalgist BL®
Nibortem®

1 DAA
12.00±4.90a
0.00±0.00b
0.00±0.00b

3 DAA
67.00±7.68a
83.00±7.68a
46.00±16.00a

5 DAA
100.00±0.00a
100.00±0.00a
96.00±4.00a

7 DAA
100.00±0.00a
100.00±0.00a
100.00±0.00a

*The means followed by the same letters are not significantly different from each other according to the Tukey’s HSD (P<0.05)

TABLE 5
Mortality rates (%) due to the application of different bioinsecticides to the second stage nymphs of Myzus
persicae*
Bioinsecticides
Met 52®
Nostalgist BL®
Nibortem®

1 DAA
0.00±0.00a
23.00±15.46a
3.00±8.31a

3 DAA
38.00±4.90a
70.00±6.32a
45.00±15.65a

5 DAA
64.00±9.80a
82.00±9.17a
50.00±14.83a

7 DAA
76.00±7.48a
91.00±5.57a
78.00±10.20a

*The means followed by the same letters are not significantly different from each other according to the Tukey’s HSD (P<0.05)

Qiong and Shengyong [33] determined that mortality rate was 93.60% at a concentration of 2x10 conidia ml-1 as a result of the application of V. lecanii
isolate against Macrosiphum rosivorum. Telli et al.
[34] revealed the mortality rate at a concentration of
1x107 conidia ml-1 and as a result of application of
L. lecanii isolate as 61.42% for Aphis gossypii,
84.02% for M. rosae and 46.63% for Bemisia
tabaci. According to another laboratory study,
LC50 values were recorded as 2.66x105 and
1.38x104 spores ml-1, respectively as a result of
application of B. bassiana and L. lecanii isolates to
M. rosae adult individuals in six different concentrations (104, 105, 106, 107, 108 spores ml-1) were
recorded. LT50 values at different concentrations
were revealed as 1.80-3.05 days for L. lecanii isolate, and 2.30-3.16 days for B. bassiana isolate
[35]. As a result of application B. bassiana (1, 2, 3
and 4) isolates to M. rosae individuals, the LC50
value (LC50=6.46×104) for B. basiana 1 isolate
was recorded a quite different value compared to
other isolates (LC50=1.46×105, 1.52×105, and
1.71×105) [36].
Similar to the results we found against M. persicae in the experiment, mortality rate as a 100.00%
was recorded as a result of applying L. lecanii
41185-6541, V. lecanii and B. bassiana isolates to
M. persicae individuals [37, 38]. Another researchreported that B. bassiana SD15 and M. anisopliae SD3 isolates were effective in M. persicae
individuals [39]. Bugti et al. [40] reported that B.
bassiana strain 202 (Bb-202) isolate was 100.00%
effective for M. persicae individuals at 1.0×102

The mortality rates resulting from the application of different bioinsecticides to the second stage
nymphs of M. rosae are given in Table 4. While the
efficiency of the bioinsecticides used in the experiments increased by the following counting days, the
highest mortality rates were in the Met 52®
(12.00%) on the 1st day counts, in the Nostalgist
BL® (83.00%) on the 3rd day counts, Met 52® on
the 5th day counts, (100.00%) and Nostalgist BL®
(100.00%). On the 7th day of countings all bioinsecticides showed 100.00% mortality rates against M.
rosae (Table 4).
The mortality rates resulting from the application of different bioinsecticides to the second stage
nymphs of M. persicae are given in Table 5. The
bioinsecticides on all counting days in the experiment were statistically in the same group. The
highest mortality rates in petri experiments on the
1st, 3rd, 5th, and 7th days were recorded in the Nostalgist BL® with 23.00%, 70.00%, 82.00% and
91.00%, respectively (Table 5).
Recently, studies on entomopathogenic fungi
have increased in Turkey and according to some
studies reported that entomopathogens are effective
on pests [27-30]. Yanar et al. [31] reported that by
applying F-12, F-53 and F-56 isolates of B. bassiana at a concentration of 1x108 conidia ml-1 to M.
rosae adults, mortality rates were recorded as
58.30%, 58.30% and 66.60%, respectively. Akmal
et al. [32] aimed to determine the pathogenicity of
B. bassiana against different aphid adults. They
found that concentrations of 1x106, 1x107 and
1x108 conidia ml-1 of B. bassiana were effective.

11313

© by PSP

Volume 29 – No. 12A/2020 pages 11311-11316

conidia ml-1 concentration. It was determined that
LC 50 value was 6.7×104 and LT50 value was
5.2~8.24 by applying concentrations of 1×105,
1×106, 1×107 and 1×108 conidia ml-1 of the same
isolate. Another study conducted that, V. lecanii
and I. fumosorosea isolates were found to be
93.90%-96.90% effective in the first stage nymphs
of M. persicae and 89.80-90.00% in the second
stage nymphs, as well [41]. Mortality rates were
recorded as 96.65%, 88.85%, 82.21% and 39.88%,
respectively as a result of the application of isolates
of I. fumosorosea (SP-535) and (G-800), M. anisopliae (Qin-13), B. bassiana (Y-132) to M. persicae individuals at a concentration of 1x108 conidia
ml-1 [42]. While mortality rate was observed as
95.00% for L. lecanii CS-625 isolate application to
these individuals, and this was found as 92.00% for
B. bassiana BB-72 isolate application [43].
.XUúXQFX, ùDKLQ DQG .DUDFD [30] determined the
mortality rates of Bio-Catch®, Bio-Magic®, Nostalgist®, Priority®, Nimbedicine and Chlorpyrifosethyl on M. persicae individuals as 39.00%,
35.00%, 47.00%, 39.00%, 68.00% and 100.00%,
respectively.
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[3] Hou, M., Liu, Y. and Wang, B. (2015). Laboratory assessment on virulence of entomogenous
fungi against Stephanitis nashi. Chinese Journal of Biological Control. 31 (6), 853-859.
[4] Wan, N.F., Zhang, Y.M., Huang, K.H., Ji, X.Y.
and Jiang, J.X. (2016). Ecological engineering
of trap cropping promotes biocontrol services
in peach orchard ecosystems. Ecological Engineering. 90 (C), 427-430.
[5] Singh, D., Raina, T.K. and Singh, J. (2017).
Entomopathogenic fungi: an effective biocontrol agent for management of insect populations naturally. Journal of Pharmaceutical Sciences and Research. 9 (6), 830-839.
[6] Hales, D.F., Tomiuk, J., Wöhrmann, K. and
Sunnucks, P. (1997). Evolutionary and genetic
aspects of aphid biology: a review. European
Journal of Entomology. 94 (1), 1-55.
[7] Schmidt- Jeffris, R.A. and Nault, B.A. (2016).
Anthranilic diamide insecticides delivered via
multiple approaches to control vegetable pests:
a case study in snap bean. Journal of Economic
Entomology. 109 (6), 2479-2488.
[8] Regan, K., Ordosch, D., Glover, K.D., Tilmon,
K.J. and Szczepaniec, A. (2017). Effects of a
pyrethroid and two neonicotinoid insecticides
on population dynamics of key pests of soybean and abundance of their natural. Crop Protection. 98, 24–32.
[9] Williamson, S., Ball, A. and Pretty, J. (2008).
Trends in pesticide use and drivers for safer
pest management in four African countries.
Crop Protection. 27 (10), 1327-1334.
[10] Godfray, H.C.J., Blacquiere, T., Field, L.M.,
Hails, R.S., Petrokofsky, G., Potts, S.G., Raine,
N.E., Vanbergen, A.J. and McLean, A.R.
(2014). A restatement of the natural science evidence base concerning neonicotinoid insecticides and insect pollinators. Proceedings of the
Royal Society B: Biological Sciences. 281,
2014558.
[11] (UNÕOÕo / and Uygun, N. (1993). Possibilities
of using entomopathogenic fungi in biological
control. Turkey Journal of Entomology, 17 (2),
117-128.
[12] Lacey, L.A., Frutos, R., Kaya, H.K. and Vails,
P. (2001). Insect pathogens as biological control agents: do they have future? Biological
Control. 21 (3), 230-248.
[13] Zimmermann, G. (2007). Review on safety of
the entomopathogenic fungi Beauveria bassiana and Beauveria brongniartii. Biocontrol
Science and Tecnology. 17 (6), 553-596.
[14] Moorhouse, E.R., Gillespie, A.T., Sellers, E.K.
and Charnley, A.K. (1992). Influence of fungicides and insecticides on the entomogenous
fungus Metarhizium anisopliae a pathogen of
the vine weevil, Otiorhynchus sulcatus. Biocontrol Science and Technology. 2 (1), 49-58.

CONCLUSIONS
As a result, it was determined that the Nostalgist BL® (B. bassiana) could be an effective microbial agent in both M. rosae and M. persicae nymphs
among commercial bioinsecticides applied in laboratory conditions. Furthermore, examining the effects of these bioinsecticides on different insect
pests may be useful for following biological control
studies.
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SPATIAL DISTRIBUTION CHARACTERISTICS AND
ECOLOGICAL RISK ASSESSMENT OF HEAVY METALS IN
SURFACE SOILS OF THE YELLOW RIVER DELTA
Yuewei Yang*, Fengfei Sun, Shanshan Wang, Meiyan Zheng, Junfeng Chen, Meizhen Tang
School of Life Sciences, Qufu Normal University, Qufu, 273165, P.R. China

tensification of agriculture in China have raised substantial concerns[1]. The soil pollution caused by
these heavy metals has become an increasingly severe problem in China [2].
Because a few heavy metals are relatively stable components in the environment, the concentration of soil heavy metals tends to remain low and are
not deleterious to plants or other living organisms [3].
In the past several decades, continual industrialization and urbanization have led to increases in soil
heavy metal contents [4]. Heavy metals can pose
ecological harm to organisms and ecosystems because of their non-biodegradability, biological enrichment and amplification, and persistent toxicity
[5]. Heavy metals can migrate into plants through
soil organic matter, which affects the physiological
and ecological processes of the plants and reduces
the productivity of wetlands[6]. Heavy metals also
accumulate through the food chain, affecting the
growth, development, and reproduction of animals,
which do not only pose great harm to the whole ecosystem but also cause death [7]. Heavy metals also
adversely impact human health [8, 9]. Previous studies revealed that injurious diseases, including cancer
and central nervous system disorders, could be
caused by exposure to heavy metals, and at the present time, there are no acknowledged medical therapies to reverse these health problems [9, 10] Because
most metals deposit in the surface soil where active
biogeochemical processes of metals occur, investigations of heavy metal pollution in surface soil are
necessary to determine the pollution level and to access the ecological risk.
The Yellow River Delta (YERD) in China is
one of the most energetic regions of land-ocean interaction among the large river deltas of the world
and is the largest wetland ecosystem in the warm
temperate area of China [11, 12] The YERD is an essential wetland of northern China and a significant
crop production area and contains the Shengli Oil
Field, which has been functional since the 1960s.
The exploitation of petroleum has a moderate influence on the wetland environment of the YERD. Various hydrocarbons and heavy metals are mixed into
the surface soil during the production of oil, and the
small increase in heavy metals that originate from

ABSTRACT
The objective of this study was to determine the
contamination status, source and potential risk of
heavy metals in surface soils of the Yellow River estuary in the Yellow River Delta. A total of 106 soil
samples (0–20 cm) were collected from the core,
buffer and experimental areas of the Yellow River
estuary in the Yellow River Delta and analysed for
six heavy metals (Cd, Cu, Pb, Cr, Zn, and Mn). Multiple analyses (including index of geo-accumulation
(Igeo) analysis, Ei/risk index (RI) analysis, principal
component analysis (PCA), and correlation analysis
(CA)) were applied to evaluate the pollution level
and potential ecological risk of surface soil heavy
metals and to identify their sources. The heavy metal
contents varied greatly, and the concentration of Cd
exceeded the background value, showing a minimum value 9 times greater than the background
value. CA and PCA revealed that the main sources of
surface soil heavy metals were anthropogenic activities and natural processes. Based on the Igeo value
and pollution index of heavy metals in this study area,
the exceedance rate and pollution level were higher
for Cd than for the other heavy metals. Cd had an
extremely high ecological risk status compared with
that of the other heavy metals. The results provide a
theoretical basis for the control of heavy metal pollution of surface soils and comprehensive ecological
restoration in the Yellow River Delta.

KEYWORDS:
Heavy metals, Spatial distribution, Soil pollution, Source
identification, Ecological risk assessment

INTRODUCTION
Soil is the foundation of agricultural production,
the habitat of animals and plants, and one of the main
natural resources that humans depend on for survival.
An increasing level of toxic heavy metals in coastal
soils under the expeditious industrialization and in-
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the production of oil can easily exceed safety thresholds, presenting considerable danger to the security
of the environment. Recently, with the rapid development of the wetland industry and agriculture in the
YERD, an increase in oil field development, coastal
erosion, sea level, and soil salinization and a decrease in upstream water inflow have occurred, causing the ecological and environmental problems in
this region to become increasingly prominent;
among these problems, heavy metal pollution has attracted extensive attention from scholars [13-19].
Previous studies showed increasing heavy metal
contents in the soils and conspicuous contamination
due to industrial and agricultural development in the
past decade, which had a significant influence on the
growth of plants [20-24]; therefore, heavy metal pollution should be paid more attention.
Earlier studies examined the distribution of
heavy metals in the soil [21-25], and corresponding
environmental assessments [26] and basic research
in geology, hydrology, biogeochemistry and ecological diversity have also been carried out in the YERD
[11, 27-30]. However, previous studies mainly focused on local areas or the entire region of the YERD,
with few studies on heavy metal pollution in the core
area, buffer area, and experimental area of the Yellow River estuary in the YERD. Moreover, due to the
degree of development and protection, heavy metal
pollution varies among areas of the Yellow River estuary. Therefore, based on a comprehensive understanding of the YERD, it is of great necessity to identify the sources and potential hazards of heavy metals in different areas of the Yellow River estuary in
the YERD in order to ensure comprehensive ecological restoration of this region. The results will not
only assist in the protection of the environment in the
YERD but also contribute to the implementation of
sustainable development.
In this paper, the heavy metal content in surface
soils in different areas of the Yellow River estuary
was measured. Analytical methods such as risk index
(RI) analysis, principal component analysis (PCA)
and correlation analysis (CA) were applied to evaluate the heavy metals in the Yellow River estuary. The
purposes of this study were to i) investigate the spatial distribution of heavy metals (Mn, Cd, Cr, Cu, Pb
and Zn) in the surface soil of the Yellow River estuary, ii) determine the pollution status of heavy metals
in the surface soil of the Yellow River estuary, iii)
determine the sources of heavy metals in the surface
soil using multivariate analysis, and iv) evaluate the
potential risk of heavy metals in the surface soil. The
results of this study can help provide a theoretical
basis for the control of heavy metal pollution in surface soil of the Yellow River estuary, which could
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facilitate comprehensive ecological restoration in the
YERD and is important for the protection of bird
habitats, offering guidelines for the protection of bird
diversity.

MATERIALS AND METHODS
Study area description. The YERD (ƍ—
ƍ1, ƍ—ƍ() is located at the junction of Laizhou Bay and Bohai Sea in the northeast
of Shandong Province and includes the Yellow River
estuary and the floodwater discharged from the Yellow River before 1976. The study site was located in
the Yellow River estuary (Figure 1), which is a typical area of the YERD. It has a moderate, semi-humid continental monsoon climate with a mean annual precipitation of 530–630 mm, an average annual evaporation of 1900–2400 mm and an annual
average temperature of 11.7–12.6 °C [4]. The soil
type is seashore saline soil. Based on the function
and restoration features of the area, the delta is divided into three parts: the core area, buffer area and
experimental area. The core area and buffer area
were designed to protect wetland ecosystems, rare
and endangered bird species and their habitats. The
main land-use patterns in the experimental area are
divided into four types: (1) land with integrated Robinia pseudoacacia and grass cover, (2) forestland
well covered with European and American poplars,
(3) cropland used to grow cotton, and (4) waste
grassland containing Phragmites australis and
Suaeda heteroptera Kitog 31.
Sample collection and analysis. The sampling
area from the coast to inland covered the Yellow
River estuary region, and the sampling points were
arranged in each sampling unit according to vegetation type. After removal of soil surface debris, surface soil (0–20 cm) samples were collected from the
core area, buffer area, and experimental area of the
Yellow River estuary in May 2017. At each sampling point, three subsamples were collected within
100 m and mixed to create a test sample with a
weight of 1 kg. In each sampling area, different numbers of soil samples were obtained depending on
topographical conditions and the water distribution,
and a total of 106 samples were collected. Each sample was placed in a numbered, sealed pocket and
transported to the laboratory immediately. The surface soil samples were naturally air-dried in the laboratory, and impurities such as biological debris
and pebbles were removed. After being ground with
an agate mortar, the samples were passed through a
0.15 mm nylon sieve,
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FIGURE 1
Location map (left) and sketch map (right) of the study area in the Yellow River estuary
The single-factor pollution index. The singlefactor pollution index is used to evaluate soil pollution by a heavy metal element and is calculated as
follows:
ܥ
ܲ =
ܥ
where Ci is the measured concentration of the
i-th heavy metal (mg·kg-1) and C0 is the background
value of heavy metal i. The background values of Cd,
Cu, Pb, Zn, Cr and Mn in the surface soil of the
YERD are shown in Table 1. According to the single-factor pollution index, the measurements were
classified into five levels: Pi VDIH პ3i 
DOHUWOHYHOჟ3i FOHDQ-OLJKWSROOXWLRQრ <
Pi PRGHUDWHSROOXWLRQსDQG3i >3, significant
SROOXWLRQტ

mixed evenly and saved for later use in the determination of heavy metal contents.
The product was naturally air-dried and
crushed into a powder for subsequent analysis, in
which 0.5 g of each sample was digested by a
HCl+HNO3 + HF +HClO4 (5:9:5:1 v/v) solution in a
Teflon digester for 7 h (HJ 832-2017). Then, 3 ml
(1+1) of nitric acid was added to dissolve the residue,
which was then diluted to reach the target volume.
Finally, components such as Cd, Cu, Pb, Zn and Mn
were examined by a flame atomic absorption spectrophotometer (Shimadzu AA-7000). Quality assurance and control were evaluated every ten samples
using duplicates, and the method blanks and standard
reference materials (GBW07401) were provided by
the Chinese Academy of Measurement Sciences [18].

The comprehensive pollution index. The
comprehensive pollution index, also known as the
Nemero pollution index, can reflect the level of various pollutants in soil. The comprehensive pollution
index is calculated as follows:

MATERIALS AND METHODS
The index of geo-accumulation. The index of
geo-accumulation (Igeo), also known as the Muller
index, was defined in the 1960s by the German scientist Muller in Europe and has been applied to assess the pollution level of heavy metals in soil or
other materials. This index, which can directly reflect the heavy metal contents in the soil or sediments in a region, is calculated as
ܥ
)
Igeo = log ଶ(
1.5 × ܤ
where Cn is the concentration of heavy metal n
in the soil or sediments and Bn is the geochemical
background concentration of heavy metal n. The status of the soil contaminated by heavy metals was
classified into different levels according to the obtained ,JHRYDOXHV L XQSROOXWHG ,JHR  LL XQ
polluted to moderately polluted (0 ,JHR  LLL 
moderately polluted (1 < Igeo   LY PRGHUDWHO\
to strongly polluted (2 < ,JHR  Y VWURQJO\SRO
luted (3 < Igeo  4), (vi) strongly to extremely polluted (4  ,JHR    DQG YLL  H[WUHPHO\ SROOXWHG
(Igeo > 5) [21].

PN = ඨ

ଶ
ܲଶ + ܲ௫
2

where Pi and P max are the average single-factor
pollution index and the largest single-factor pollution index, respectively. The pollution status of soil
heavy metals was classified into five levels based on
WKHFRUUHVSRQGLQJ31YDOXHV31VDIH
31DOHUWOHYHO31OLJKWSROOXWion; 2 <
31PRGHUDWHSROOXWLRQDQG31!VLJQLILFDQW
pollution.
Potential ecological risk index. The Hankanson potential ecological RI not only reflects the potential hazards of individual heavy metals in a specific environment but also calculates the sum of the
ecological risks of all heavy metals. The potential
ecological RI can be applied to evaluate the ecological risk of toxic matter and pollutants to a biological
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community [32]. The RI was calculated using the
following equations [33]:
C
f୧ = ୧ൗB
୧
ܧ = ܶ × ݂






RI =  ܧ =  ܶ × ݂ =  ܶ ×
ୀଵ

ୀଵ

ୀଵ

1.53, 3.40, 2.51, and 1.13 times greater than the
background values of soil heavy metals in Shandong,
respectively, which suggested that the area was locally polluted. Among these heavy metals, Cd exhibited the most obvious pollution, with the lowest concentration being up to nine times greater than the
background value, which might be linked to the sediment inputs of the Yellow River [24] and the industrial and agricultural development in the area [20].
Moreover, the mean concentration of Cd was higher
than those previously reported in the Yellow River
estuary [20]. The maximum value of Mn was lower
than the background value, indicating that none of
the soil samples were polluted by Mn. Compared
with the China Soil Environmental Quality Agricultural Land Pollution Risk Control Standard
(GB15618-2018, pH>7.5) agricultural land pollution
risk screening value (Mn is not addressed), the average concentrations of Zn, Pb, Cu and Cr in surface
soil did not exceed the standards; however, the concentration of Cd was 0.54 times higher than the
screening value. At present, the National Soil Environmental Quality Standard does not define a value
for Mn, but according to previous research [35], the
standard for a moderate Mn concentration in soil is
170 ~ 1200 mg·kg-1. Thus, the Mn content in surface
soil collected from the Yellow River estuary did not
exceed the standard. Hence, Cd was the main pollutant element in the surface soil at different sampling
points.
The coefficient of variation (CV) can indicate
the extent of the spatial distribution of heavy metals,
where CV<0.10 indicates weak variation,
&9 LQGLFDWHV PRGHUDWH YDULDWLRQ DQG
CV>0.30 indicates strong variation. The CV also reflects the extent of anthropogenic activities. The CVs

ܥ
ൗܤ


where ܤ is the background value of heavy
metal i in the study area (mg·kg-1); ܶ is the toxicity
response factor for heavy metal i (Table 1), reflecting the toxicity level of heavy metals and the sensitivity of organisms to heavy metal pollution; ݂ is
the pollution factor of heavy metal i; ܥ is the measured value of the i-th heavy metal in the sediment
(mg·kg-1); ܧ is the monomial potential ecological
RI of heavy metal i; and RI is the potential ecological RI for a variety of heavy metals. The pollution
level of the heavy metals and the classification standards for potential ecological risk are provided in Table 2.
Statistical analysis. Excel 2007 was used for
data processing, and data analysis was performed
with SPSS 19.0 software.

RESULTS AND DISCUSSION
Analysis of surface soil heavy metals. The results of statistical analysis of surface soil samples
collected in the study zone are provided in Table 3.
In particular, the average Cd and Zn contents were
significantly higher than the background values of
heavy metals in Shandong soil and were probably influenced by anthropogenic activities. The maximum
concentrations of Cd, Cu, Pb, Zn and Cr were 22.02,

Item

Ti
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TABLE 1
Background values 33 and toxic response factors 34
Cd
Cu
Pb
Zn
Cr
0.084
24.0
25.8
63.5
66.0
30
5
5
1
2

Mn
644.0
2

TABLE 2
Pollution degree of heavy metals and classification standards for potential ecological risk
Range of
Degree of ecoRange of RI
Degree of ecoPollution deRange of Ei
݂
logical risk
logical risk
gree
݂ ͻ1

low level

Eiͻ40

 ݂ ͻ3

moderate level

Eiͻ80

 ݂ ͻ6
݂ 

significant
contamination
very high contamination

Eiͻ160

low degree
moderate degree
considerable
degree

Eiͻ320

high degree

Ei 

very high degree
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RI ͻ 150

low risk

5,ͻ300

moderate risk

5,ͻ600

high risk

5,

very high risk
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TABLE 3
Descriptive statistics of soil heavy metal concentrations (mg·kg-1 dry weight)
Index
Cd
Cu
Pb
Zn
Cr
Min
0.76
14.12
14.7
51.99
8.23
Max
1.85
36.62
87.63
159.33
74.28
Mean
0.96
23.77
30.26
90.86
29.91
SD
0.32
6.85
19.84
37.69
19.73
CV
0.33
0.29
0.65
0.41
0.66
ALPRSVͧpH>7.5ͨ

0.6

100

170

300

Mn
274.43
554.77
416.48
97.67
0.23

250

--

SD: standard deviation, CV: coefficient of variation, BV: background value, ALPRSV: agricultural land pollution risk screening
value (China Ministry of Environmental Protection 2018)

of the six heavy metals decreased in the order Cr>
Pb> Zn> Cd> Cu> Mn, and the CVs of Cr, Pb, Zn
and Cd were greater than 0.30, indicating strong variation. The CVs of Cu and Mn were between 0.10
and 0.30, indicating moderate variation. This shows
that the spatial distributions of Cr, Pb, Zn and Cd
were not symmetrical and were greatly affected by
external factors, especially those of Cr and Pb, while
the spatial distributions of Cu and Mn were relatively
uniform and subject to little external interference.

cating strong linear correlations at the 0.01 significance level and that two heavy metals had the same
source. There was no correlation between Cd and Cu,
Mn, Cu or Pb in the buffer area, while the correlation
coefficients between Cd and Cr, Mn and Pb and between Mn and Cr were high, suggesting strong linear
correlations at the 0.05 significance level. The high
correlation coefficients between heavy metals were
extremely significantly positive. In the experimental
area, the lack of a strong linear correlation between
Cd and Mn and between Cu and Pb, Zn, Mn and Pb
indicated that their sources were distinct from the
sources of the other heavy metals. Table 7 shows the
results of CA of heavy metals in different areas. The
correlation coefficient of Cd and Cu and of Cr and
Mn was 0.246, which showed a strong positive correlation at the 0.05 significance level. The correlation coefficients of other heavy metals were between
0.246 and 0.815, suggesting extremely significant
positive correlations at the 0.01 significance level.
The correlation coefficients of the heavy metals
were high, suggested that the heavy metals stemmed
from the same sources. Heavy metals in Yellow
River estuary soil may have the same pollution
sources because of the successive development of
the oil industry. The core area is part of the native
wetland and is less affected than the other areas by
human disturbance. A certain regularity of heavy

Source identification of surface soil heavy
metals. The linear relationships between the concentrations of soil heavy metals can be discussed based
on correlation coefficients. Table 4, Table 5, Table 6
and Table 7 illustrate the correlation patterns of the
heavy metals in the core area, buffer area and experimental area surface soils of the Yellow River estuary
in the YERD and provide a correlation matrix of surface soil heavy metals in different areas of the Yellow River estuary, respectively. The correlations between heavy metals varied among the core, buffer,
and experimental areas. In the core area, there was
no correlation between Cr and Cd or Cu, and Cd and
Mn were significantly positively correlated. Other
heavy metals had extremely significant positive correlation coefficients between 0.436 and 0.885, indi-

TABLE 4
Correlation matrix of soil heavy metals in the core area
Cd
Cu
Mn
Pb
Zn
Cd

1

Cu

0.656**

1

Mn

0.436*

0.861**

1

Pb

0.626**

0.688**

0.683**

1

Zn

0.532**

0.880**

0.885**

0.809**

1

Cr

-0.109

0.217

0.515**

0.539**

0.530**

* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)
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TABLE 5
Correlation matrix of soil heavy metals in the buffer area
Cd
Cu
Mn
Pb
Zn
1
-0.05
1
0.085
0.758**
1
0.838**
0.235
0.387*
1
0.529**
0.558**
0.489**
0.621**
1
0.422*
0.547**
0.429*
0.584**
0.879**

Cr

1

* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)

Cd
Cu
Mn
Pb
Zn
Cr

TABLE 6
Correlation matrix of soil heavy metals in the experimental area
Cd
Cu
Mn
Pb
Zn
1
-0.082
1
0.033
0.871**
1
0.731**
0.268
0.341
1
0.505**
0.34
0.462**
0.750**
1
0.621**
-0.168
-0.052
0.658**
0.827**

Cr

1

* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)

Cd
Cu
Mn
Pb
Zn
Cr

TABLE 7
Correlation matrix of soil heavy metals in the study area
Cd
Cu
Mn
Pb
Zn
1
0.246*
1
0.144
0.815**
1
0.497**
0.335**
0.441**
1
0.355**
0.512**
0.541**
0.674**
1
-0.091
0.130
0.246*
0.541**
0.718**

Cr

1

* Correlation is significant at the 0.05 level (two-tailed)
** Correlation is significant at the 0.01 level (two-tailed)

metal contents was expected in the study area: experimental area > buffer area > core area. However, only
the Cr content showed this regularity, suggesting that
other factors influenced the distribution of the heavy
metals. This may be because the core area of the wetland contained all types of heavy metals before recovery and because the different vegetation types
had different adsorption levels of heavy metals during sampling. The coverage area of reeds in the
YERD is wide, and because of their high resistance
to pollutants [36] and high accumulation of pollutants in their tissues (especially rhizomes) [37], large
reeds could also play an important role in soil bioremediation. Therefore, reeds can be used to purify
wetland environments through the harvesting of
straw with high productivity. In the study area, the
vegetation types vary and include reeds, halophytes,
Tamarix chinensis and others. In addition, different
vegetation types have different heavy metal adsorption capacities, which will also change the heavy
metal contents in the soil.

Based on the correlations between heavy metal elements, the associated probability of the Bartlett sphericity test was less than 0.05, the Kaiser-Meyer-Olkin (KMO) test value was greater than 0.5, and PCA
of the six heavy metals was conducted by using
SPSS 19.0 software. In line with the criterion introduced by [38], Figure 2 shows the two factor loadings of heavy metals in the soil. Based on the results
in Table 8, two PCs with eigenvalues greater than 1
were selected from all factors for subsequent analysis. The cumulative percentage of the two factors
(PC 1 and PC 2) exceeded 80%, showing that all
heavy metals were well explained by the two PCs.
The amount of variance explained by the first PC
was 60.096%, for which Zn, Cu, Mn, Pb and Cr had
relatively high positive loading values. This result
was consistent with the significant correlations between the five metals, and similar results were obtained from Ghaziabad in India, for which the possible source was linked to industrial pollution [39].
Regarding PCA, factor loadings greater than 0.70 are
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typically thought to be excellent, while those less
than 0.30 are viewed as poor [40]. The loading value
of Cd was 0.594, which was moderate, and Zn had
the highest loading value. Zn mainly originates from
the smoke and dust generated by zinc mining and
coal combustion as well as industrial wastewater. Zn
participates in substitution reactions in the soil in the
form of zinc ions and zinc-containing complex ions
and always undergoes adsorption and fixation. In addition, the accumulation of and pollution by zinc in
soil harm plants and animals. Pearson CA revealed
that Zn was strongly significantly correlated with Cu,
Mn, Pb, Cr and Cd, indicating close relationships between the concentrations of the six metals. The CA
also revealed that the pollution sources of the six
heavy metals may be identical, which might be
linked to rocks (natural source) and human agricultural activities (anthropogenic source). The YERD
contains 700000 hectares of arable land, but 70% of
the soil in the YERD is saline. The techniques used
during the process of production in this harsh area
depend strongly on pesticides and fertilizers. Previous studies have shown that more than 250000 tons
of fertilizer has been applied to the soil in order to
improve its condition [41]. Hence, heavy metals
used in farm ferti lizers have unavoidably become a
key source of soil heavy metal pollution and have led
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to latent environmental hazards [18, 42]. Therefore,
factor 1 mainly represented the impact of human factors such as agricultural production, industrial activities and wastewater discharge on the soil.
The variance contribution of the second PC was
20.781%, and the loading values for Cu and Mn were
high (0.660 and 0.482, respectively). Pollution by Cu
is mainly due to mining, smelting and industrial
wastewater, among other sources, and the coexistence of Cu and other heavy metals in the soil has
synergistic, additive or antagonistic effects. Mn is a
necessary nutrient element for the human body, and
in aspects of industry, such as factories and Mn
smelting, Mn is formed into alloys, fuels, pesticides,
and paints, which may become the main sources of
Mn pollution. A high Mn content will cause pollution of the soil, and Cu2 + and Mn2 + have a synergistic
absorption effect that can aggravate the pollution.
Heavy metal pollution is associated with human factors and natural sources. Natural sources mainly include natural activities such as weathering and volcanic eruptions. The type and amount of heavy metals produced during weathering depend on the soil or
rock types in the earth's crust, the element type and
environmental conditions, such as olivine weathering, which can result in numerous heavy metals in

FIGURE 2
PCA loadings of the heavy metals in soils of the study area

Principal component

1
2
3
4
5
6

TABLE 8
PCA of the heavy metals in soils of the study area
Eigenvalue
Percentage of variance
explained (%)
3.606
1.247
0.798
0.254
0.066
0.030

60.096
20.781
13.300
4.226
1.100
0.497
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Cumulative percentage
of variance explained
(%)
60.096
80.877
94.177
98.403
99.503
100.00
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the soil, including Mn, Cu, Zn, and other elements.
For example, shale contains large amounts of Cr, Cd,
Pb, and other elements [43].
In general, the level of heavy metals was low
because of the limited number or low frequency of
natural activities. Table 3 indicates that the average
concentrations of Cu and Mn were lower than the
background values of heavy metals in Shandong soil.
Hence, factor 2 mainly represented the impact of natural sources on the soil.
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showed a relatively high contamination level in the
YERD 24. Based on a previous study in 1996 and
2007 [17], Cd and other heavy metal concentrations
reached high levels, showing that severe accumulation of these heavy metals occurred in the surface
soils of the Yellow River estuary. In the last decade,
heavy metal pollution increased in this delta, perhaps
due to intensive human activities and sediment
movement due to flow-sediment adjustment and the
rapid progress of oil industrial and irrigated agricultural development in this area, which has low levels
of municipal growth [44, 45]. The Igeo values of surface soil heavy metals decreased in the order
Cd>Zn>Pb>Cu>Mn>Cr.
Based on the background value of the soil
heavy metal content in Shandong Province as the
evaluation standard, single-factor pollution and
comprehensive pollution evaluations of heavy metals at various sampling sites were performed. Table
9 shows that the average values of the single-factor
pollution index of the six types of heavy metals decreased in the order Cd > Zn > Pb > Cu > Mn > Cr
and that Cd pollution was significant while Zn,

Pollution evaluation of surface soil heavy
metals. In accordance with Figure 3, the Igeo values
of Cu, Pb, Cr, and Mn were all less than zero, showing that the soil at the sampling points was unpolluted. The Igeo values of Zn were between zero and
one, and the contamination level was unpolluted to
moderately polluted, suggesting that the soil at the
sampling points was affected by natural and anthropogenic factors. The Igeo values of Cd were greater
than two, and the pollution levels indicated moderately significant pollution, showing that the soil at
the sampling sites was contaminated. This result was
similar to that in a previous study in which Cd

FIGURE 3
Box and whisker plots of the Igeo values for heavy metals in the surface soil of the YERD

TABLE 9
Evaluation results based on the single-factor pollution index and the comprehensive pollution index for
heavy metals in surface soil
Index
Range
Average value
Standard exClassification of compreof Pi
of Pi
ceedance rate
hensive pollution
(%)
Cd
9.09~22.02
11.44
100
Significant pollution
Cu
0.70~1.53
0.99
33.33
Light pollution
Pb
0.57~ 3.40
1.17
41.66
Moderate pollution
Zn
0.82~2.51
1.43
75.00
Light pollution
Cr
0.12~1.13
0.45
8.33
Alert level
Mn
0.43~0.86
0.65
0.00
Safe
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Pb and Cu pollution was light. The standard exceedance rate of heavy metals increased in the order Mn<
Cr< Cu <Pb <Zn <Cd, and that of Cd was higher than
that of the other heavy metals, reaching 100%.
Among the comprehensive pollution levels of
the six heavy metals, the pollution level of Cd was
significant, the pollution level of Pb was moderate,
the pollution levels of Cu and Zn were light, and the
pollution level of Cr was associated with an alert status. The comparison between the average values of
the single-factor pollution index and the standard exceedance rate of heavy metals in surface soil showed
that the order of the heavy metals was not consistent;
while the order of Cd, Zn, Pb and Cu was consistent,
the order of Mn and Cr changed. The average values
of the single-factor pollution index, the standard exceedance rate and the comprehensive pollution index
were largest for Cd, indicating that the pollution
range of Cd in the surface soil was relatively wide
and that the pollution level was significant. The average values of the single-factor pollution index and
the standard exceedance rate of Zn followed those of
Cd, indicating light pollution. The average values of
the single-factor pollution index, the standard exceedance rate and the comprehensive pollution index
of Pb were similar to those of Cu. However, the pollution level of Pb was moderate, while that of Cu was
light, which may be related to oil transport and human activities to a certain extent. The values of the
single-factor pollution index and the comprehensive
pollution index of Mn were less than one, indicating
that the soil was not polluted by Mn. In this study,
the pollution levels evaluated by the single-factor index were consistent with those evaluated by the Igeo
index, and the pollution level of Cd was significant,
indicating that the surface soil in the study area was
polluted by Cd. Thus, Cd in particular, as well as Cu,
Pb and Zn to a certain degree, are the main pollutants
in the surface soil of the study area.
There are large and small oil fields distributed
in the Yellow River estuary; the production of oil has
increased in recent years, and some problems occur
in the production process, such as blowouts, tubing
rupture, oil spills, and oil well drilling, which result
in coastal wetlands having different degrees of oil
pollution. Because crude oil usually contains diverse
heavy metals [46], a small increase in soil heavy
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metals that originate from the production of oil can
easily exceed the safety limit. This may be the primary reason for the heavy metal pollution observed
in this study. Second, water pollution caused by unreasonable agricultural activities and rapid urban
population expansion has gradually become an important source of heavy metal pollutants, such as Cd,
Cu and Zn.
The comprehensive potential ecological RI of
heavy metals can reflect the contamination level and
potential ecological hazards of heavy metals. To obtain an understanding of the potential ecological risk
emerging from heavy metals, the values of Ei and RI
were measured, as given in Table 10. The RI of Cd
was the highest among the heavy metals, and the average value was 343.15, with a range from 272.62 to
660.71, suggesting that the study area is at high risk.
The average Ei value of the other heavy metals was
less than 40, indicating that the sampling sites in the
study area are at a low ecological risk level. Hence,
Cd may be the main potential ecological risk factor
in the surface soil. Human activities can increase the
Cd content in soil. In addition, 20% ~ 70% of Cd in
the soil originated from atmospheric subsidence in
the southern gulf of the North Sea [47]. Given the
actual conditions of the study area and comparing the
values measured in this area to the soil background
values for Shandong Province, the high concentration of Cd in the soil may be related to the large-scale
oil exploitation activities in the Yellow River estuary,
the discharge of wastewater, the use of fertilizers and
pesticides during agricultural reclamation, and the
emission of industrial pollution and waste gas. The
indexes of potential ecological risk among the heavy
metals
decreased
in
the
order
Cd>Pb>Cu>Zn>Mn>Cr. The comprehensive potential ecological RI of heavy metals was between
282.36 and 681.89, and the average value was
357.60. In summary, based on all the ecological RIs
of heavy metals, Cd pollution posed the greatest risk,
whereas pollution by the other heavy metals was
slight, indicating that pollution by Cd of the soils in
the study area was the most serious.
To ensure the accuracy and scientific rigour of
the estimates of heavy metal pollution in a certain
region, various methods should be used to perform a
comparative evaluation. In this study, the single-

TABLE 10
Results of the potential ecological risk assessment of heavy metals in surface soil
Index
Ei
RI
Cd
Cu
Pb
Zn
Cr
Mn
Max
660.71
7.63
16.98
2.51
2.25
1.72
681.89
Min
272.62
2.94
2.90
0.82
0.25
0.85
282.36
Average
343.15
4.95
5.86
1.43
0.91
1.29
357.60
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factor pollution index, the comprehensive pollution
index, the Igeo and the potential ecological RI were
applied to systematically evaluate the pollution level
and ecological risk of heavy metals in the surface
soil of the Yellow River estuary in the YERD. A
comparison between the pollution levels of heavy
metals based on the single-factor pollution index and
the potential ecological RI indicated that the pollution level of some heavy metals was not consistent
with the ecological risk of those heavy metals. For
example, the average value of the single-factor pollution index of Zn, Pb and Cu suggested that the pollution level was moderate, slight, and slight, respectively. However, the potential ecological RI of the
three heavy metals indicated that the level of ecological risk was slight, and in terms of the average value,
the ecological risk of Zn was lower than that of Pb
and Cu. There are two main reasons for the difference. On the one hand, the toxicity coefficient differs
among heavy metals. For example, there is a discrepancy between Pb and Zn because Pb and its compounds are toxic; after entering the human body,
they harm the nervous, digestive, renal, cardiovascular, endocrine and other systems and have a high toxicity coefficient, while the toxicity coefficient of Zn
is lower than that of Pb. On the other hand, although
the pollution degree of some heavy metals in the soil
was high, these heavy metals have a tendency to migrate into the soil with other particles and undergo
mineralization and burial, reducing their toxicity to
organisms and potential ecological risk. Among all
the evaluation methods, the single-factor pollution
index and the comprehensive pollution index were
highest for Cd, in addition to the Igeo, and the largest
value of the potential ecological RI being observed
for Cd indicated that this heavy metal made the largest contribution to the coefficient of potential ecological risk.
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OPEN GREEN SPACES IN THE PROCESS OF SUSTAINABLE
URBAN DEVELOPMENT:
THE CASE OF THE CITY OF ORDU
Baglan Ozel Karaagac, Murat Yesil*
Ordu University, Agricultural Faculty, Landscape Architecture Department, Ordu, Turkey

Aesthetic and environmental problems caused
by rapid and intense urbanization make planned urban open green spaces even more important. As to
the city-dwellers' longing for nature, it can be fulfilled with green spaces. In this context, green spaces
are important in terms of providing livable and
healthy environments in the urban space for the people. These spaces enrich the city both economically
and ecologically by increasing the quality of environmental life [8].
Urban spaces harbour biological diversity that
includes semi-natural habitats, wastelands, parks and
biotopes that were heavily influenced by humans. In
the expanding cities, urban biodiversity should be
better integrated into urban planning [9].
A living space and urban fabric of good quality
are the result of the balanced relationship between
structures, means of transportation and open green
spaces. Open and green spaces' types of use, sizes,
equipment, functions and efficient service areas
demonstrate their importance for the quality of urban
life [10].
As well as the location, size and accessibility of
open green spaces, the level of competence is also
extremely important. Restoring the nature that was
lost during the formation of the cities for urban
dwellers has great importance for a modern and
healthy urban organization. However, in modernday cities where controlled growth is not ensured,
the amount of open green space per capita is decreasing with each passing day [11]. In order to solve this
problem and ensure enough green space in the cities,
the amount of green space per capita was determined
by laws and regulations.
Green space standards in Turkey are specified
according to the Zoning Law No. 3194. According
to the provision of "Regulation regarding the Principles of Zoning Plan Preparation and Amendments"
published in the official gazette no. 23804 in the year
of 1999, planning must take into consideration that
there should be 10 m² active green space per capita
inside the city, 14 m² per capita outside of the municipal adjacent area [12]. Currently green space
standards are still subject to provisions specified by
the Zoning Law No. 3194 (Table 1).

ABSTRACT
In this study, the distribution of the 22 neighborhoods that make up the Ordu city center is analyzed and their sufficiency is examined based on the
amount per person. Within the scope of active open
green spaces, neighborhood parks, playgrounds,
sports areas, urban parks, other open spaces, public
spaces, forested lands and planting areas are discussed. As part of the passive open green spaces; surroundings of historical buildings, graveyards, junctions and refuges are studied. At the end of the study
it was determined that the amount of open green
spaces that is supposed to be 3,5 m² according to
Turkish standards (neighborhood park+playground)
in line with the Zoning Law No. 3194, is 1,30 m²; the
sports area that is supposed to be 3 m² is 1.58 m², and
the urban park area that is supposed to be 3.5 m² is
1.31 m² in the city center of Ordu. It was found that
the amount of open green space that is supposed to
be 10 m²/person in the whole city is 4,19 m²/person.

KEYWORDS:
Sufficiency of open green spaces, sustainable urban development, Ordu, urban planning

INTRODUCTION
Urban green spaces play a determinative role in
the formation of cities' physical character; they contribute significantly in terms of functionality and
aesthetics [1,2,3,4,5,6]. At the same time, they are
important spaces that make the city spacious and attractive, that increase the city-dwellers' quality of life
through recreational use. As much as the sufficiency,
functions and aesthetic qualities of the green spaces;
the amount of space they take, their distribution all
across the city and their relationship to the other
functions of the city are important. Reasons such as
the rapid growth of the urban population, social, economic, political and cultural conditions, the intense
accretion of new settlement and industrial areas
cause horizontal and vertical decreases in open green
spaces [7].
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1,5m²/person

Fresenius Environmental Bulletin

TABLE 1
Current state of the green space standards [13].
Neighborhood
and District
Urban Parks
Sports Areas
Parks
2m²/person
3,5m²/person
3m²/person

Types, content, activities and sizes of green
spaces; population density, characteristics of the settlement, topography, vegetation, climatic conditions
etc. differ based on the physical characteristics of the
cities from country to country, even city to city. Particularly in European cities, based on the view that
as populations grow the settlements will move away
from nature, the amount of green space per capita
was projected to increase [13].
In the Urban Audit report [14] published by the
European commission, urban green spaces are defined as 'green spaces inside the urban area, open to
public use such as parks' and 32 European cities' average value per capita for the year of 1996 is given
as 26 m². There has been a great number of studies
to determine the ratios of active green space per capita in the cities in Turkey. For example, while [15]
determined the present active green space per capita
in Antalya to be 3,1 m2, this ratio was found to be
1,9 m2 LQøVWDQEXO[13], 3 m2 in Isparta [7], 5,44 m2
in Kayseri [16], 3.41 m² in Beylikdüzü, 3,53m² in
Manavgat [17] DQGPðLQ.DKUDPDQPDUDú[18].
The aim of this study is to determine the current
state of the open green spaces within the boundaries
of Ordu city center. Accordingly, by calculating the
open green space per capita with respect to the Zoning Law No. 3194, the sufficiency of the open green
spaces is evaluated. The current state of green spaces
that have been evaluated quantitatively is also evaluated qualitatively. With this study, the current state
of the open green spaces was examined according to
the population density of Ordu city center’s neighborhoods and the areas that need more green space
and the amount were determined based on the zoning

Total
10m²/person

plan areas. The aim is to contribute to the local governments by evaluating the sufficiency of the existing and the envisioned green spaces in the city with
different strategies for planning green spaces.

MATERIALS AND METHODS
Materials. The study was conducted in
$OWÕQRUGX'LVWULFWZKLFKLVWKHFHQWUDOGLVWULFWRIWKH
city of Ordu. The city has 92 districts; its area consists of 41.000 ha [19]. The city center has 22 neighborhoods and the area these neighborhoods cover is
2.160 ha. (Figure 1). According to the data from
2018, the population of the city of Ordu is 771.932.
The total population of the 22 neighborhoods that
were studied is 149.803 [20].
The basic material of the study consists of active-passive green spaces of the 22 neighborhoods in
the Ordu city center. Within the scope of active open
green spaces, neighborhood parks, playgrounds,
sports areas, urban parks, other open spaces, public
spaces, forested lands and planting areas are discussed. As part of the passive open green spaces; surroundings of historical buildings, graveyards, junctions and refuges are examined.
Methods. Measurements of the active-passive
green spaces in the research were acquired from the
map sheets of 1:1000 scaled Zoning Plan and 1:5000
Additional Revision Master Zoning plan. Data on the
existing passive-active green spaces were obtained
IURPWKHUHSRUWVRI$OWÕQRUGX0XQLFLSDOLW\3DUNVDQG
Recreations Department and measurements taken

FIGURE 1
Location of the Research Area
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$OWÕQRUGXGLVWULFWFHQWHUWKHLUVXIILFLHQF\DQGVKRUW
comings are discussed. Open green spaces in Ordu
city center were evaluated in terms of their functionality; their qualitative and quantitative sufficiency
was determined and suggestions were made for identified problems.

on the site. Netcad and Autocad programs that yield
successful results mapping and geographic information system studies were used for the operations
of digitizing and field measurement on the zoning
plan. The sufficiency of the active and passive green
spaces is examined separately with regards to envisions in the zoning plan and those which currently
exist. Examining the zoning plan reveals the target
amount of active and passive green spaces, while
those which currently exist ensure to determine the
implementation rate of the envisions.
The research method consists of four stages. In
the first stage, the subject, aim, scope and the boundaries of the research are determined. The boundaries
of the research are determined based on the 22 cenWUDOQHLJKERUKRRGVZLWKLQWKH$OWÕQRUGXGLVWULFWFHQ
ter adjacent area. For this reason, Master Zoning
Plan and Additional Revision Zoning Plan that are
scaled 1/1000 and 1/5000 respectively, acquired
IURPWKH$OWÕQRUGX0XQLFLSDOLW\8UEDQ3ODQQLQJ'H
partment are digitized with the use of AutoCad and
NetCAD software, locations of the envisioned active
green spaces in the zoning plan are determined and
concepts about open green spaces are explained
through a comprehensive literature search.
In the second stage, information that can support the research prepared by Ordu Metropolitan
Municipality Study Project Department and
$OWÕQRUGX0XQLSLODW\3DUNVDQG5HFUHDWLRQV'HSDUW
ment was provided. In line with the acquired literary
(names of the existing green spaces and information
about the green spaces) and quantitative (neighborhood based numbers and the sizes of the parks) inventory information, existing open green spaces are
examined numerically in the 22 central neighborhoods. The 2018 data of the Turkish Statistics Institute was used while analyzing the social and cultural
structure of the research area. Data regarding the natXUDODQGFXOWXUDOFKDUDFWHULVWLFVRI$OWÕQRUGXGLVWULFW
ZDVDFTXLUHGIURP$OWÕQRUGX0XQLFLSDOLW\8UEDQ,Q
IRUPDWLRQ6\VWHP$OWÕQRUGX3URYLQFLDO'LUHFWRUDWH
of Culture and Tourism and Ordu Metropolitan Municipality Strategic Plan Reports.
In the third stage, in order to reveal the existing
state of the research area, fieldwork was carried out,
visual data of the active-passive open green spaces
(area photographs of the existing green spaces) was
prepared and satellite data was acquired. Master Plan
scaled 1/5000 and the Implementation Development
Plan scaled 1/1000 were compared, and the envisioned and existing states of the open green spaces
were assessed through digitized map sections. In order to determine the amount of green space per capita, envisioned and existing green spaces' square
measure in m2 were divided by zoning plan population projection and current population values.
In the final stage, after calculating the active
green space per capita in the city considering all of
the public green spaces (active and passive) in

RESULTS AND DISCUSSION
There are 22 neighborhoods in Ordu city center
(Figure 2); according to the zoning plan these neighborhoods' total area is 2160 ha. Based on the digiti]DWLRQRIWKH$OWÕQRUGX'LVWULFW$GGLWLRQDO5HYLVLRQ
Master Zoning plan it was determined that 331,8 ha
of area was envisioned to be green space. The ratio
of the envisioned green spaces to the zoning plan
area is %15,36.
When the currently active green spaces are examined, it was found that there are 62,85 ha of area
of active public green spaces (neighborhood
park+playgrounds, urban park, sports area) in the
city that function as neighborhood parks in 20 neighborhoods, urban parks in 6 neighborhoods and sports
areas in 20 neighborhoods. When other active and
passive green spaces are added to the public green
spaces the current amount of green spaces in the city
center is understood to be 267,9 ha (Figure 3). The
ratio of the currently existing green spaces (activepassive) to the zoning plan area is %12,4. The implementation rate of the green spaces is revealed to be
80% when the envisioned situation in the city zoning
plans and the current situation is compared. Considering that the research area consists of 22 central
neighborhoods in the city center, the findings are
successful.
Considering the amount of envisioned (activepassive) green space (331,8 ha) and urban population
(149.803 people), it is seen that 22,15 m² green space
per capita is planned for the future in Ordu city center. This ratio, according to the relevant provision of
the regulation, meets the standard of 10 m² active
green space per capita that is required inside the city.
Active green space that is open to public use per capita was determined to be 4,19 m² according to the
calculations that take the current active public green
spaces and the current urban population into account.
This ratio is 5,81 m² below the standard 10 m² and at
least 86,9 ha more active green space in total should
be open to use.
When the 22 neighborhoods digitally located in
the zoning plan are examined, it was found that the
current amount of green spaces is 267,9 ha; the current amount of green spaces in the plan ranges between 0,6-59,48 ha on a neighborhood basis,
whereas the ratios of the green spaces to the zoning
plans range between 2,46% and 76,36% when examined in a neighborhood basis. It was found that
6XEDúÕ Neighborhood had the least amount of green
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dated 02.09.1999), it is understood that neighborhood parks only in 2 neighborhoods in the city
.XPEDúÕDQG6DUD\1HLJKERUKRRG PHHWWKHVWDQG
DUGQHLJKERUKRRGV ùDUNL\HYH=DIHULPLOOL1HLJK
borhood) have no neighborhood parks+playgrounds,
remaining neighborhoods fall below the standard.
According to the results, the neighborhood parks in
$OWÕQRUGXGLVWULFWFHQWHUDUHLQVXIILFLHQW 7DEOe 3).
Altunkasa (2004) [22], determined the ideal width of
urban green spaces by calculating the general average of the envisioned standards in our country and
abroad, and gave the values of 4 ha for neighborhood
park and 16 ha for quarter park. When the current
VLWXDWLRQ LQ $OWÕQRUGX ZDV H[DPLQHG LW ZDV IRXQG
that the largest neighborhood park area per capita is
4 m2/person in Saray neighborhood.

Playgrounds and Neighborhood Parks . In
the city center, playgrounds are generally located in
coastal parks, neighborhood parks and communal
JDUGHQV6LQFHWKHSOD\JURXQGVLQ$OWÕQRUGXGLVWULFW
center which consists of 22 neighborhoods are generally inside neighborhood parks they are calculated
together. There are 80 neighborhood parks that include playgrounds in the city (Figure 4). Including
the playgrounds, total area of the neighborhood
parks is 195.457 m2 in the city. Neighborhood park
area per capita in the city is 1,3 m2. Based on this
value which has to be 3,5 m²/person according to
Turkish standards (the Law No 3194 and regulation

FIGURE 2
Ordu City Center Neighborhood Borders Map [21]

FIGURE 3
Current Map of Ordu City Center's Open Green Spaces Scaled 1/1000 [21]
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TABLE 2
5DWLRRI([LVWLQJ*UHHQ6SDFHVLQ$OWÕQRUGX&HQWUDO1HLJKERUKRRGV (NBH) to the Zoning Plans (%)
EXISTING GREEN Percentage
NO
NEIGHBORHOODS
AREA (m²)
SPACES (m²)
%
1
AKYAZI NBH
1.615.433
216.688
13,4
2
$=ø=ø<(1%+
99.122
75.693
76,36
3
%$+d(/ø(9/(51%+
534.958
123.351
23,05
4
BUCAK NBH
935.392
26.926
3,19
5
&80+85ø<(71%+
3.976.834
594.802
14,95
6
DURUGÖL NBH
1.301.077
283.312
21,77
7
DÜZ NBH
141.115
34.483
24,43
8
GÜZELYALI NBH
512.324
29.414
5,74
9
KARAPINAR NBH
2.976.454
260.276
8,74
10
.$5ù,<$.$1%+
2.223.963
135.791
6,1
11
.ø5$=/ø0$1,1%+
343.980
59.144
17,19
12
.80%$ù,1%+
1.457.000
339.178
23,27
13
1ø=$0(77ø11%+
162.288
9.585
5,9
14
ù$+ø1&ø/ø1%+
2.049.020
165.579
8,08
15
SARAY NBH
101.050
60.130
59,5
16
ù$5.ø<(1%+
224.441
41.262
18,38
17
6(/ø0ø<(1%+
523.604
48.532
9,26
18
ùø5ø1(9/(51%+
1.233.864
115.286
9,34
19
68%$ù,1%+
262.107
6.469
2,46
20
7$ù%$ù,1%+
208.989
22.835
10,92
21
<(1ø1%+
574.174
23.709
4,13
22
=$)(5ø0ø//ø1%+
152.091
7.544
4,96
21.609.280
2.679.989
TOTAL

Row
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

TABLE 3
$PRXQWVRI$OWÕQRUGX&LW\&HQWHU1HLJKERUKRRG3DUNV (NBH) Per Capita
Neighborhood
Population Number
park area (Play- Neighborhood park area
Neighborhood Name
(person)
Of Parks ground included)
per capita (m2)
2
(m )
15.712
48.060
3.06
AKYAZI NBH
11
$=ø=ø<(1%+
944
1
150
0.16
%$+d(/ø(9/(5
7.627
2
3.150
0.41
NBH
BUCAK NBH
13.929
7
6.050
0.43
&80+85ø<(71%+
9.823
7
15.483
1.58
DURUGÖL NBH
7.813
4
13.395
1.72
DÜZ NBH
1.553
4
5,200
3.35
GÜZELYALI NBH
2.318
1
2.000
0.86
KARAPINAR NBH
3.189
3
8.600
2.7
.$5ù,<$.$1%+
14.108
5
23.450
1.66
.ø5$=/ø0$1,1%+
1.057
1
600
0.57
1.669
3
5.984
.80%$ù,1%+
3.58
1ø=$0(77ø11%+
3.906
1
1.000
0.26
ù$+ø1&ø/ø1%+
19.915
8
24.490
1.23
1.186
2
4.750
SARAY NBH
4.00
ù$5.ø<(1%+
3.038
6(/ø0ø<(1%+
7.626
5
12.450
1.63
ùø5ø1(9/(51%+
12.460
9
16.140
1.29
68%$ù,1%+
6.680
2
4.300
0.64
7$ù%$ù,1%+
1.339
2
2.700
2.01
<(1ø1%+
12.772
2
2.700
0.21
=$)(5ø0ø//ø1%+
1.139
TOTAL
149.803
80
195.457
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a

b
c
FIGURE 4
a) $N\D]Õ1HLJKERUKRRG.D]ÕP7UNPHQ3DUNE $]L]L\H1HLJKERUKRRG.DPLO%D\UDP3DUNF 
%DKoHOLHYOHU1HLJKERUKRRG2JQ0HGLQ3OD\JURXQG

District Name
ALTINORDU

TABLE 4
1HLJKERUKRRG3DUN$UHDV3HU&DSLWDLQ$OWÕQRUGX'LVWULFW
Urban park
Population
area
2
Number of IndiUrban park (m )
per capita
viduals (Person)
(m2)
149.803
196.875
1,31

a

b
FIGURE 5
a) Satellite Image of 5VXPDW3DUN[23]E 5VXPDW3DUN

a.

b.
FIGURE 6
a) Satellite ImDJHRI$WDWUN3DUN [23], E $WDWUN3DUN
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a.

b.
FIGURE 7
a) Satellite Image of 5VXPDW3DUN>]E 5VXPDW3DUN

a.

b.
FIGURE 8
a) Satellite Image of 5VXPDW3DUN [23]E 5VXPDW3DUN
Sports Areas. In the city center of Ordu, sports
areas are common. There are various sports areas of
different categories in the city. In the 22 neighborhoods located in the city center, 21 have sports areas
of various sizes and quality (Figure 9). Only Zaferimlili Neighborhood does not have any sports area.
Total area of the sports areas in the 21 neighborhoods
located in the city center is 236.208 m² It is seen that
the amount of sports area that should be 3 m²/person
according to Turkish standards is 1,58 m²/person
(Table 5). Based on this it is understood that sports
areas in the city center are insufficient.

Urban Parks. In the city center of Ordu there
a 4 parks that qualify as 'urban park'. These parks are
Rüsumat Park (Figure 5), Atatürk Park (Figure 6),
Tayfun Gürsoy 3DUN )LJXUH   DQG $N\D]Õ &RDVW
Beach and Park area (Figure 8). The total area of
these parks is 196.875 m2. Park area per capita is
1,31 m2/person (Table 4). It was found that the urban
park area that is supposed to be 3,5 m²/person according to the Zoning Law no. 3194 is 1,31 m²/person. Based on the findings it is understood that urban
park area in the city center is insufficient.

District
$OWÕQRUGX'LVWULFW
Center

TABLE 5
Sports areas' amount per capita in Ordu city center
Sports
Sports area
Required
Population
area
per
amount (m2)
sports area
capita (m²)
149.803

236.208

1,58

FIGURE 9
$OWÕQRUGX.HQWSDUN7HQQLV&RXUW
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Administrative
facility area
m2
386.317
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TABLE 6
$PRXQWVRI$OWÕQRUGX'LVWULFW3XEOLF6SDFH
Recreational
Health faEducation
and cultural
Market
cility area
Area (m2)
facility
area (m2)
2
m
area (m2)
962.000
137.516
95.753
35.768

Religious
facility
area
m2
647.215

Total (m2)
2.264.571

FIGURE 10
dDNDOdÕNPD]*UDYH\DUG
Public Spaces. Public spaces in the city center
consist of government agencies, educational institutions, recreational and cultural facilities, health facilities, market places and religious facilities. Public
spaces take a significant amount of space in the city
center, and their gardens usually have firm grounds
(Table 6). When the central population data that is
149.803 people is taken into consideration, public
space area per capita was found to be 15,11 m2/person inside the city.

Stream Ist Phase Landscape Design covers 6.500 m²
and Civil Stream II nd Phase Landscape Design covers 19.688 m² (Figure 13). The total area they cover
is 26.188 m².
Junctions and Refuges Islands. There are
many refuge islands in the streets and highways in
Ordu city center. There aUH *]HO\DOÕ-Turnasuyu
Mevkii, Ulubey junction and central refuge, Soya
DQG.XPEDúÕMXQFWLRQV$KPHW&HPDO0D÷GHQ(URO
$WDúDQ %RXOHYDUG $GQDQ .DKYHFL %RXOHYDUG DQG
central refuges.
Junctions and refuge islands have an important
function in terms of passive open green spaces. Junctions and refuge islands with the area they cover are
given in Table 8.

Graveyards. There are 2 graveyards in Ordu
city center; one is *]HO\DOÕ*UDYH\DUGLQ*]HO\DOÕ
Neighborhood with an area of 14.575 m², the other
LV dDNDO dÕNPD] *UDYH\DUG LQ ùDKLQFLOL 1HLJKERU
hood, one of the largest graveyards with an area of
32.673 m² (Figure 10). The total area of the city center graveyards is 47.248 m².

TABLE 7
$OWÕQRUGX3LFQLF$UHDV
Picnic Areas
Area (m²)
BOZTEPE GREEN SPACE
46.400
&80+85ø<(71%+0$9ø
6.000
BAYRAK
KUMSAL LANDSCAPING
5.400
COASTAL PINE WOOD2.900
LAND
TOTAL
60.700

Other Open Spaces. There are in total 100.018
m² of open spaces in the city center including picnic
areas, pedestrianized roads and streets and
streamside landscaping.
Picnic areas in the city center (Figure 11), cover
60.700 m² in total (Table 7). Pedestrianized roads
DQGVWUHHWVDUHEHWZHHQ6OH\PDQ)HOHN6WUHHW<DOÕ
0RVTXHDQG=EH\GH+DQÕP6WUHHWDQG$GDEDNHU\
covering an area of 13.130 m² in total [24] (Figure
12). As part of the streamside landscaping, Civil
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a

b
c
FIGURE 11
a) Ordu Boztepe, b) Cumhuriyet Neighborhood Mavi Bayrak Beach c) Kumsal Skate Park

a

b
FIGURE 13
a) Civil Stream Ist Phase Landscaping b) Civil Stream IInd Phase Landscaping

Neighborhood Name
*]HO\DOÕ1HLJKERUKRRG
ùLULQHYOHU1HLJKERUKRRG
ùLULQHYOHU-Eskipazar
Durugöl Neighborhood
$N\D]Õ1HLJKERUKRRG
.DUúÕ\DND1HLJKERUKRRG
Yeni Mahalle
$N\D]ÕNeighborhood
$N\D]Õ1HLJKERUKRRG
Bahçelievler
$N\D]Õ1HLJKERUKRRG
$N\D]Õ1HLJKERUKRRG
.XPEDúÕ1HLJKERUKRRG
ùLULQHYOHU1HLJKERUKRRG

TABLE 8
$OWÕQRUGX-XQFWLRQDQG5HIXJH,VODQGV
Refuge Island/Junction Name
*]HO\DOÕ-Turnasuyu refuge island
Sivil Savunma refuge island
Sivas-dDPEDúÕMXQFWLRQDQGUHIXJH
Soya junction
Mersin junction
&XPD3D]DUÕMXQFWLRQ
Carrefour junction
$KPHW&HPDO0D÷GHQ6WUHIXJHLVODQG
(URO$WDúDQ%XOYDUÕUHIXJHLVODQG
$GQDQ.DKYHFL%XOYDUÕUHIJH
Refuge Island
$N\D]ÕMXQFWLRQDQGUHIXJH
.XPEDúÕMXQFWLRQ
Refuge Island
TOTAL

Green Space (m2)
19.000
700
12.000
200
200
200
200
2.700
500
1.300
3.000
800
22.800
50
63.650

.LUD]OLPDQÕ 1HLJKERUKoods (Figure 15) and dedicated to the public enterprises who would like to reforest [22 and 25].

Historical Buildings and Surroundings. Historical buildings located in the city center are important in terms of reflecting the cultural values in
WKH FLW\ 7KHVH YDOXHV DUH 7DúEDúÕ &XOWXUDO &HQWUH
3DúDR÷OX0DQVLRQ+LVWRULFDO2VPDQSDúD6KDGLUYDQ
DQG <DOÕ 0RVTXH )LJXUH   7RWDO RSHQ VSDFH RI
the historical buildings in the city is 2.045 m².

(YDOXDWLRQRI$OWÕQRUGX&LW\&HQWHU$FWLYH
Public Green Spaces. The amount of existing open
and green spaces in the 22 neighborhoods in Ordu
city center is calculated as 628.540 m2. By taking
into account the current population data of the cenWUDOQHLJKERUKRRGV LQ$OWÕQRUGXGLVWULFWZKLFKLV
149.803, open green spaces per capita is found to be
4.19 m2/person in the city center. Considering that
the criteria for the amount of open green space per

Forested Areas and Plantation Areas. There
DUHIRUHVWVZLWKLQ$OWÕQRUGX0XQLFLSLODW\7KHWRWDO
size of these areas is 42.380 m². There is an area of
108.166 m² reserved for plantation. These areas are
LQ$]L]L\H*]HO\DOÕ6DUD\6HOLPL\H7DúEDúÕDQG
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capita is 10 m2, it becomes apparent that the required
amount in the district is 1.498.030 m² and 869.490
m² more space is needed to meet these criteria. In
light of all these results, it is evident that the amount
of public open green spaces in the district falls below
the standard (Table 9).

Fresenius Environmental Bulletin

CONCLUSION AND RECOMMENDATIONS
It is seen that as the city of Ordu became the
WK 0HWURSROLV RI 7XUNH\ DV RI  $OWÕQRUGX
turned into a central district and entered a period of
rapid urbanization. These urbanization activities affect the existence of green spaces. Existing green
spaces are being replaced with housing areas. In the
city of Ordu which is in a period of intense construction, people need park areas with sufficient functions
and equipment where they can carry out recreational
activities.
In the research, area per capita was calculated
based on the neighborhood population while calculating the open green spaces in the city center. It was
IRXQG WKDW WKH RSHQ JUHHQ VSDFHV LQ $OWÕQRUGX FLW\
center were scattered and the amount of open green
spaces (parks, gardens and sports areas) was below
the standard.
According to the obtained data; it was found
that open public green spaces per capita in the city
center is 4.19 m²/person, while the rate of the existing open public green spaces to the zoning plan is %
0,3. In light of these results, it was determined that
the open green spaces per capita in the city center
were below the 10 m2 standard. Therefore it can be
seen that new neighborhood parks, open sports areas
and urban parks are needed in the city center. In order to meet this need, building parks and sports areas
in line with the rapidly increasing population in the
district and bringing new landscaping areas are necHVVDU\ 7KH YDOXHV WKDW HPHUJHG LQ $OWÕQRUGX FLW\
center falling notably below the standard values reveals the state of the open green spaces in the city.

FIGURE 12
3HGHVWULDQL]HG6OH\PDQ)HOHN6WUHHW

a

b
FIGURE 14
D 2VPDQ3DúD6KDGLUYDQE 7DúEDúÕ&XOWXUH
Centre

FIGURE 15
Aziziye and Saray Neighborhood Plantation Satellite Image [23].
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TABLE 9
The State of Active Public Green Spaces in the City Center
Amounts of
$OWÕQRUGX
Open Green Space
$OWÕQRUGX Open Green
Turkish
Amounts of Open
Per Capita
Spaces
Standard (m2/person)
2
Green Spaces (m )
LQ$OWÕQRUGX
(m2/person)
Neighborhood parks
195.457
1,30
3,5
(Playgrounds included)
Sports Areas
236.208
1,58
3
Urban Parks
196.875
1,31
3,5
TOTAL
628.540
4,19
10
3OD\JURXQGVLQ$OWÕQRUGXFLW\FHQWHUDUHJHQHU
ally within the neighborhood parks. Including the
playgrounds, the total area of the neighborhood
parks is 195.457 m2 in the city. Neighborhood park
area per capita is 1,30 m2 in the city. It was found
that the neighborhood park areas in the city were not
sufficient according to this value which has to be 3,5
m² according to Turkish standards, more neighborhood parks and playgrounds are needed particularly
LQùDUNL\HDQG<HQL1HLJKERUKRRG,WLVHYLGHQWWKDW
RQO\  QHLJKERUKRRGV 6DUD\ DQG .XPEDúÕ 1HLJK
borhoods) are above the standard value in the city.
Sports areas were examined according to the
populations of the neighborhoods that make up the
city center; and the amount of sports area per person
was found to be 1,58 m². In order to meet the standard of 3 m² in the neighborhoods that need sports areas, providing new sports areas is necessary.
The total area of urban parNV LQ $OWÕQRUGX LV
196.875 m². The amount of urban parks per capita
EDVHGRQ$OWÕQRUGXFHQWHUSRSXODWLRQLVPðWKLV
value should be 3,5 m² according to Turkish standards. Urban parks, which are centers of attention for
city dwellers and visitors, are among the important
locations of the city where recreational needs are
met. Therefore, it is very important to build new urban parks.
When envisioned forest and plantation areas in
the zoning plan, public domains, roadside planting
and open spaces (picnic areas, pedestrianized roads
and streets, streamside landscaping) and in terms of
passive green spaces junction and refuge islands,
graveyards and historical buildings and surroundings
are included to the active public open green spaces
in the city center, the total area of active and passive
open green spaces in the district is 3.318.238 m²,
EDVHGRQWKHODWHVW$OWÕQRUGXGLVWULFWFHQWUDOSRSXOD
tion of 149.803, green space per capita is expected to
be 22,15 m²; which shows that the amount of open
green spaces in the city is planned to be increased.
When the envisions in the city zoning plans and current situation is compared, the implementation rate
of the green spaces is revealed to be 80%. Considering that the research area consists of 22 central
neighborhoods in the city center, the findings are
successful.

According to the study, gardens of the government agencies take quite a lot of space in city centers.
Public gardens of which majority have firm grounds
can be arranged with suitable botanical materials to
greatly contribute to the open and green spaces of the
city.
Maintenance procedures should be carried out
often in the graveyards which are a big part of the
open green spaces of the city in terms of their size.
Junction and refuge islands in the city center
are planted adequately and well maintained. Therefore urban arterial roads look well in terms of aesthetic and function. The green fabric which is important for the aesthetic of the city must be permanent.
There are few forested lands and plantation areas in the city. Envisioned areas in the Zoning Plan
should be forested in order to create a greener urban
fabric in the city center, these areas should be open
to public use with additional urban furniture that are
nature compatible if necessary.
It is observed that there is a lot of firm ground
in the open spaces of historical buildings and their
surroundings. Areas around these buildings should
be rearranged to appeal local and foreign tourists,
they should be expropriated and arranged with landscaping except for registered structures in protected
areas and historical reinforcements. In this way both
the historical fabric will strikingly emerge, and by
increasing green spaces the city will gain a new recreation area.
As a result, despite the sufficiency of the green
VSDFHVLQ$OWÕQRUGXFLW\FHQWHUWKHTXDOLW\DQGIXQF
tion of the green spaces in the city should increase.
Neighborhood parks should be popularized, and new
parks where neighborhood residents can meet some
of their active and passive recreational needs should
be built. Also while planning, wants and tendencies
of different age groups should be taken into consideration, attention must be paid to planning them to
be multi-functional, able to meet sports and recreational needs, continuous, easily accessible, active
green spaces.
While creating new green spaces, neighborhoods with no or fewer green spaces should be given
priority. For this reason, instead of putting into service many small open green spaces envisioned in the
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zoning plan and bringing a large number of parks to
the city, empty parcels with ideal form and width
should be utilized to provide a bigger population
with service. New open green spaces should be envisioned with the same approach, location and the
width of the green space parcel should be decided in
line with the development form of the housing fabric
and planned population projection.
Within the scope of all these findings, in order
to provide urban and spatial development without
damaging the natural character of $OWÕQRUGXGLVWULFW
Ordu province which is one of the authentic cities of
the Black Sea Region, accurate planning decisions
and applications are needed. In this regard, local
governments have important roles to play. Creating
a modern, green and livable city is first of all possible with harmoniously planning, designing and managing open green spaces with scientific, ecological
and technical criteria taken into account. Maintaining the continuity of green spaces and passing them
on to the next generation is as important as designing
them. Therefore, the people must also be made aware
of the area planning, conservation and preservation
of the natural greenery.
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a stream by forming a bed after a certain period of
time and, together with the intense pollutant load, it
is a threat to the ecosystem [1].
There are different types of waste in garbage
storage areas. The content of the waste varies according to seasonal and economic conditions. Although domestic wastes are forbidden besides industrial wastes in storage areas, they are found together
with hazardous wastes [2]. The fact that all organisms are affected by environmental and soil pollution
problems that may occur directly or indirectly
through the food chain increases the seriousness and
harm of this problem. One of the most important
causes of environmental and soil pollution is heavy
metals [3].
Heavy metal pollution in soils has become a
global problem with the development of industrial
and mining activities and widespread irrigation and
treatment sludge applications [4]. Metals such as
cadmium (Cd), arsenic (As), chromium (Cr), copper
(Cu), lead (Pb), mercury (Hg), nickel (Ni) and zinc
(Zn), etc., which are mostly found in industrial activities are the most harmful heavy metals. Arsenic,
which is the subject of research from these heavy
metals, is one of the most common elements in the
earth's crust. It is classified as non-metal or metalloid. Although it is used in industry branches as agriculture, pharmacy, it has a toxic effect on people,
animals and plants. Also, arsenic is a toxic element
known as carcinogenic [5].
It is known that the accumulation of arsenic
into various forms by accumulating or burning arsenic-containing wastes in wild storage areas causes
soil, water and air pollution. Especially with the formation of leachate, which has very complex processes in wild storage areas, arsenic can spread not
only in the area where the storage is made, but also
in the surrounding areas. Leachate water also mixes
with groundwater and surface water and causes pollution of water resources [6]. The ability of arsenic
to exist in various forms and to form organometal increases the capacity to interact with other metals in
the landfill. As a result of these interactions, heavy
metal complexes with a more toxic effect than their
original forms in wastes are formed. The bio absorption of these complexes differs from other forms.

ABSTRACT
This study was carried out to determine the arsenic status of soil samples taken from 18 landfills
and around 3 different points in Thrace Region, Turkey. The arsenic contents found in soil samples were
evaluated according to the Regulation on Soil Pollution Control and Point Source Contaminated Sites.
The arsenic contents in the research areas ranged
from 0.00% to 12.36%. In approximately 96% of 54
soil samples, arsenic contents were found above the
limit value of 0.4 ppm. The relation of arsenic contents determined at the measurement points with
other soil properties was investigated. It has been observed that the most important feature affecting the
arsenic content is the soil texture. The amount of arsenic increased as the amount of clay in the soil texture increased. It is estimated that the arsenic concentrations found in the wild storage areas are high
due to industrial and agricultural wastes. This situation is particularly inconvenient for plants to be
grown in the surrounding land.

KEYWORDS:
Environment, soil pollution, soil texture, wild storage, arsenic

INTRODUCTION
Natural resources, ecosystems have been heavily destroyed and polluted as a result of the rapidly
increasing world population with the transition to
modern agriculture and the acceleration of industrialization since the beginning of the 20th century, and
as a result, soil pollution has started to appear as an
environmental problem. The most common method
used for solid waste removal is regular / irregular
storage. Whether both regular and irregular storage
systems have been used, a contaminated wastewater
is formed as a result of the wastes stored in both of
them, or the waters entering the waste from the rains
gradually leaking towards the bottom. In this way,
the liquid material in the solid wastes that grows like
an avalanche combines with the rain water, becomes

11342

© by PSP

Volume 29 – No. 12A/2020 pages 11342-11348

Fresenius Environmental Bulletin

FIGURE 1
The locations of wild storage areas
The uptake of metals in this complex form increases
in plants around the storage area. The increase of arsenic above the minimum concentration also has a
fatal effect for the surrounding plants. There is also
a risk of arsenic accumulation in animals fed with
these plant [7].
For this purpose, the arsenic content of these
soils was determined by taking samples from the
lands at a certain distance from the wild storage areas, and the harms of the arsenic in terms of soil pollution were investigated within the framework of the
findings obtained. The obtained data from soil samples were evaluated according to “Turkey Regulation on Soil Pollution Control and Point Source Contaminated Sites”.

breeding stocks of Turkey and these bred calves are
supplying to other parts of Turkey [8].
The climate of this region is semi-arid. The averages of annual temperature, relative humidity,
wind speed, sunshine duration per day, total annual
precipitation is 14.0 0C, 77%, 2.90 m/s, 6.5 h and
580.8 mm, respectively [9].
In the research, 18 different wild storage areas
in Malkara District of Tekirdag Province in Thrace
Region were evaluated. The locations of these areas
are given in Figure 1.
Methods. Soil samples were taken from 3 different points in 18 different wild storage areas. These
samplings were made at the points (B and C) used
for agricultural production near the wild storage areas and within the wild storage areas (A). Thus, a total of 54 soil samples were used in the research. Soil
samples were taken from a depth of 0-50 cm. The
particle size distribution was determined according
to the hydrometer method [10] and the texture triangle was used to name the texture classes [11]. Lime
was determined by the volumetric calcimeter method
[12]. Percentages of organic matter amounts were
calculated using the Walkley Black method [13]. Potassium determination was carried out with 1 N ammonium acetate and extraction made with Perkin
Elmer Optima 7300 ICP instrument [12]. In the determination of salt concentration, electrical conductivity instrument was used in at the rate of 1/2.5 in

MATERIALS AND METHODS
Study Area. Research was conducted in the
north-western part of Turkey, Thrace Region. The
region which exists in European part of Turkey has
a very important agricultural potential. Trakya Region total areas are 19.044 km² and have 2.43% of
Turkey total land. The main sources of income of
people in provinces are coming from agriculture.
The total income in the agriculture comes as 25%
rate from animal production and as 75% from crop
production. The main crops in Trakya region are
wheat, sunflower and rice. Trakya region is the
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FIGURE 2
Arsenic contents for sample points
dilute soil suspensions [14]. Phosphorus was
made by sodium bicarbonate method [12].
Arsenic concentration in soil was calculated by
[15]. From every soil samples 0.5 gr weighed and put
into the test tubes, then 3 ml acid and 9 ml nitric acid
added on them, then they burnt in microwave oven
at 190, then those samples filtered and put into 50 ml
falcons and 50 ml pure water added on them, and
they were read by using ICP - OES device. The obtained data from soil samples were evaluated according to “Turkey Regulation on Soil Pollution Control
and Point Source Contaminated Sites [16].

points in wild storage are contain more salt than B
and C points.
The amount of organic matter in the research
areas ranged from 0.14% to 5.57%. According to
[17], it is stated that soils with organic matter content
of more than 4% can be classified as soils rich in organic matter, and those with less than 1% organic
soil can be classified as soils poor in organic matter.
Generally, organic matter contents of A points are
determined to be higher than B and C points. The
amount of organic matter was naturally higher in
samples taken from wild storage areas (A point). The
amount of organic matter measured at other points
(B and C) was quite low compared to point A. The
reason for this is that organic matter is expected to
come out at high levels, since stable manure, organic
household wastes (kitchen and food waste) are
brought to the storage areas. The lime values of soil
samples of the research area varied between 0.48%
and 18.14%. Since the research area is located in the
semi-arid climate zone, the amount of lime is not
found.
The phosphorus content of the soil varies between 48.93- 5459.0 ppm and the potassium content
from 0.26 to 1092.56 ppm of the soils of the research
area. One of the most important reasons why potassium and phosphorus detected in soil samples taken
from wild storage areas are above the limit values;
vegetable residues and dead organic tissues of animal. Phosphorus values in point A were determined
to be in the category of “too much” with 110.531092.56 ppm in 16 areas, and “excess” with 34.5356.61 ppm in 2 areas. Similarly, the potassium values in the A-point storage areas are classified as "too
much" with the values of 1151- 4387 ppm in 16 areas, and "excess" with the values of 671.8- 961.4
ppm in 2 areas.
The measured arsenic values are presented in Table
2 and Figure 2. The arsenic contents in the research

RESULTS
Some chemical and physical properties of soil
samples taken from 3 different points in 18 different
landfills are summarized in Table 1. Other heavy
metals were found below the limit values [16] in the
analysis conducted on the territory of the study area.
When the texture classes of soils are analysed, it is
observed that they show a very wide distribution.
Sand content of soil samples at 54 point varied between 7-83.56%, silt content between 0.37-58.34%
and clay contents between 6.38-65.29%. pH values
are in the neutral class between 6.9 and 7.74 in 11 of
A sample points and it ranged from 7.51 to 7.77 and
entered the slightly alkali classification at other 7
points.
The pH values at points B and C were similarly
within the neutral and slightly alkaline classifications according to [17].
Salt contents in 54 different soil samples varied
between 0.6% and 3.37%. According to these values,
approximately half of the samples were determined
to be in the salt-free class of salt content, while in the
other half, very salty, salty and slightly salty classifications were determined by [17]. Generally, A
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areas ranged from 0.00% to 12.36%. In approximately 96% of 54 soil samples, arsenic contents
were found above the limit value of 0.4 ppm. The
highest arsenic values were generally obtained from
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A points in each wild storage area. At points A, arsenic contents ranged from 1.61% to 12.36%. Generally, arsenic contents were obtained at points B and
C smaller than point A.

TABLE 1
Some physical and chemical properties of measurement points
Sample
Point
1

2

3

4

5

6

7

8

9

pH
1 / 2,5
soil wa-

Salt

Lime
(%)

(%)

Org.
Mat.
(%)

A

7.54

3.37

3.29

B

8.15

0.17

C

8.3

A

P

Sand

Silt

Clay

(ppm) (ppm)

(%)

(%)

(%)

7.98

112.72

1074

50.28

43.36

6.36

Sandy Loam

0.39

7.28

0.89

223

63.73

17.69

18.59

Sandy Loam

0.07

0.14

1.12

0.65

48.93

83.56

8.14

8.3

Loamy sand

7.08

2.08

5.51

6.22

415.9

2837

53.2

31.39

15.4

Sandy Loam

B

8.01

0.13

0.37

3.75

1.03

343.7

26.96

23.4

49.64

Clay

C

8.27

0.17

0.35

12.92

1.29

336.2

25.77

31.17

43.06

Clay

A

7.35

2.69

5.52

4.79

1092.

3311

55.08

26.89

18.04

Sandy Loam

B

7.98

0.11

0.38

1.28

11.04

1354

7.58

47.53

44.89

Silty clay

C

7.78

1.27

4.02

8.14

180.6

5459

26.7

38.99

34.31

Clay Loam

A

7.74

0.31

2.95

9.89

126.0

1634

26.65

34.91

38.44

Clay Loam

B

7.68

0.13

0.76

7.9

14.64

531.5

25.83

42.84

31.33

Clay Loam

C

7.31

0.22

1.92

6.54

29.40

693.2

21.49

42.07

36.44

Clay Loam

A

7.59

3.27

0.27

7.5

255.2

4387

42.44

43.83

13.73

Loam

B

6.6

0.07

1.21

0.96

0.26

152.9

52.04

20.53

27.43

Sandy Clay

C

7.61

0.10

0.22

2.87

0.51

88.01

73.8

8.35

17.85

Sandy Loam

A

7.2

1.48

5.57

5.26

376.1

2615

45.36

33.17

21.48

Loam

B

8.18

0.12

0.36

15.31

1.41

277.6

7

27.71

65.29

Clay

C

7.92

0.18

0.39

5.18

62.52

688.5

36

27.63

36.37

Clay Loam

A

7.51

1.98

4.33

11.64

169.4

2419

63.8

27.87

8.34

Sandy Loam

B

7.77

0.24

2.61

10.93

112.3

911.2

31.63

30.74

37.63

Clay Loam

C

7.44

0.33

3.45

7.82

154.7

1094

55.66

26.54

17.8

Sandy Loam

A

7.59

0.55

3.73

6.22

144.1

1575

38.97

34.91

26.12

Loam

B

8.06

0.16

0.69

4.31

2.06

250.8

16.36

34.26

49.38

Clay

C

8.35

0.11

0.56

17.71

1.15

179.4

21.11

38.53

40.37

Clay

A

7.26

1.15

5.53

6.38

290.1

2884

36.7

41.21

22.09

Loam

B

7.74

0.14

2.35

7.66

55.60

384.7

28.13

45.88

25.99

Loam

C

8.32

0.11

0.8

25.2

0.89

120.3

16.25

51.42

32.33

Silty clay loam
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TABLE 1
(Cont). Some physical and chemical properties of measurement points
Sample
Point

10

11

12

13

14

15

16

17

18

pH
Salt
1 / 2,5 (%)
soil water

Org.
Mat.
(%)

Lime
P
K
(%) (ppm) (ppm)

Sand
(%)

Silt
(%)

Clay
(%)

Texture
Class

A

7.46

0.97

2.83

2.83

149.6
9

2299

68.88

13.24

17.88

Sandy Loam

B

8.11

0.08

0.32

7.09

11.69

135

71.07

14.38

14.55

Sandy Loam

C

7.6

0.10

1.31

1.12

26.45

169.1

64.77

0.37

34.86

Sandy Clay Loam

A

6.9

2.34

5.07

9.55

1001.

1758

52.86

33.2

13.94

Sandy loam-loam

B

8.08

0.12

1.59

8.59

23.37

217.2

44.68

36.77

18.55

Loam

C

8.15

0.12

1.16

11.38

1.54

190.9

45.65

24.37

29.98

Sandy Clay Loam

A

7.42

0.28

1.63

1.75

34.53

671.8

25.2

58.34

16.46

Silty loam

B

6.92

0.10

1.87

0.88

10.53

163.1

54.9

20.42

24.67

Sandy Clay Loam

C

7.12

0.12

2.21

0.72

6.29

199.5

54.73

16.4

28.87

Sandy Clay Loam

A

7.77

0.33

5.47

6.22

56.61

961.4

40.62

33.5

25.88

Loam

B

7.99

0.14

1.39

13.88

0.65

562.3

13.39

35.29

51.32

Clay

C

8.28

0.09

0.53

19.14

2.69

270.5

28.23

51.94

19.83

Silty loam

A

7.15

0.96

5.5

6.54

1029.

1362

47.1

30.85

22.05

Loam

B

7.9

0.12

2.65

3.51

0.51

433.7

15.74

43.84

40.42

Silty clay

C

7.61

0.39

2.59

11.96

6.03

456.3

23.48

47.46

29.05

Clay Loam

A

7.16

2.36

2.75

2.6

110.5

1151

69.08

15.2

15.73

Sandy Loam

B

7.76

0.07

0.36

0.96

2.45

91.44

75.45

10.16

14.39

Sandy Loam

C

7.52

0.09

0.87

0.64

0.51

161.3

47.9

22.85

29.25

Sandy Clay Loam

A

7.23

1.89

5.33

6.14

154.3

1242

50.1

43.51

6.38

Sandy Loam

B

7.47

0.10

1.76

0.96

7.83

372.7

34.43

29.15

36.42

Clay Loam

C

7.31

0.14

2.07

0.8

26.18

380.5

33.07

26.89

40.04

Clay- clay loam

A

7.61

3.21

4.29

9.41

182.8

2803

49.99

45.17

4.85

Sandy Loam

B

8.16

0.10

1.33

11.09

0.89

153.1

28.89

46.98

24.13

Loam

C

8.36

0.09

0.45

18.03

0.65

120.9

26.08

49.2

24.72

Loam

A

7.02

1.88

5.46

7.02

226.0

2577

62.38

22.54

15.08

Sandy Loam

B

7.28

0.06

1.14

0.48

0.38

214.1

22.21

33

44.79

Clay

C

7.68

0.17

1.66

1.28

54.18

220.2

31.65

31.2

37.16

Clay Loam

The relation of arsenic contents determined at
the measurement points with other soil properties
was investigated. It has been observed that the most
important feature affecting the arsenic content is the
soil textural. Especially the amount of arsenic retained according to the soil structure has changed according to the distribution of the soil grains. Sandy
soils retain less plant nutrients than loam and clay

soils. Similarly, the amount of arsenic decreased as
the amount of sand in the soil texture increased. For
example, the amount of arsenic at points B and C was
higher than at point A. The reason for this can be explained by the fact that the soil structure is clay at B
and C points in area 2. While the amount of arsenic
was found at points A and B in area 1, the arsenic
content at point C was not measured. The reason for
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Sample point

1

2

3

4

5

6

A
B
C
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C

Arsenic
content
(ppm)
5.24
3.70
0.00
1.11
3.63
9.81
1.77
2.75
4.39
11.48
2.77
1.25
2.85
11.06
1.93
8.33
2.15
1.68

Fresenius Environmental Bulletin

TABLE 2
Arsenic values of measurement points
Sample point
Arsenic
content
(ppm)
7
A
6.45
B
5.96
C
0.06
8
A
3.31
B
4.26
C
3.10
9
A
2.25
B
1.62
C
1.41
10
A
1.61
B
1.51
C
1.31
11
A
9.71
B
4.18
C
1.68
12
A
2.81
B
2.73
C
2.94

this can be explained by the fact that the C point soils
are in loamy sandy texture class. Sandy soils retain
less plant nutrients than loam and clay soils. Similarly, the amount of arsenic decreased as the amount
of sand in the soil texture increased. According to
[18]; it is known that the concentration of arsenic in
the upper layers of polluted soils is not only due to
organic carbon, but also the changing buffering capacity of humic acid and soil in the ionization of arsenic. Since the water permeability is very low in the
soil in clay texture, plant nutrients are kept very
strongly. For this reason, the arsenic present in clay
soils has been found in very high concentrations
since it cannot be removed from the environment.

Sample point

13

14

15

16

17

18

A
B
C
A
B
C
A
B
C
A
B
C
A
B
C
A
B
C

Arsenic
content
(ppm)
8.32
3.88
3.87
3.76
2.11
1.85
2.97
3.31
3.67
7.41
1.57
0.94
12.36
5.35
2.78
3.44
2.55
2.40

adhesion of heavy metals such as arsenic, especially
in the upper parts of the soil and in the humus, they
are absorbed and accumulated by the organisms associated with the soil. Therefore, the structure of the
soil deteriorates as the decomposition of the dead
cover on the soil can be prevented. Since heavy metals are firmly attached to the above-ground region,
their mobilization to the subsoil is weak [19]. Toxic
substances in various hazardous wastes discharged
to wild storage areas accumulate in the soil and cause
excessive pollution of the natural environment.
While the normal arsenic form is insoluble in
water, the inorganic arsenic salts can be dissolved
and spread over large areas depending on the pH and
ion balance of the environment. Especially fossil fuel
use causes arsenic to contaminate soil, water and air
by contaminating it. In addition, the use of pesticides
containing arsenic in agricultural activities causes arsenic to mix into the soil [20]. Soil pollution adversely affects human health when agricultural products grown in and around storage areas are contaminated or when infiltration and runoff contribute to
soil and surface water contamination. It is thought
that it will be beneficial to carry out such studies in
every region of our country, especially in terms of
preventing environmental pollution caused by agricultural and industrial wastes.
The evaluation of the data obtained is that garbage should be collected not in the wild storage areas, but in areas far from agricultural areas and settlements, as well as in landfills. With the use of wild
storage areas, pollution is not limited to garbage areas, but it is exposed with soil samples taken from
various distances where it spreads around.

DICCUSSION AND CONCLUSIONS
In the data obtained as a result of this study; it
has been determined that the amount of arsenic in the
soil decreases as we move away from the areas
where wild storage is made. The arsenic concentration was found to be higher in clay soils, while in
sandy and loamy soils. In some soil samples, as the
amount of organic matter increased, the arsenic concentration increased in parallel. It is estimated that
the arsenic concentrations found in the wild storage
areas are high due to industrial and agricultural
wastes. This situation is particularly inconvenient for
plants to be grown in the surrounding land. Because
heavy elements such as arsenic pass easily from soil
to plant, from plant to human.
It is known that, due to its arsenic structure, the
soil is kept in the upper layers and its movement towards the lower layers is slow and, in this context,
the soil pollution becomes continuous. As a result of
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1
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%LRPHGLFDO'HYLFHV'HSDUWPHQW9RFDWLRQDO6FKRRORI+HDOWK6HUYLFHV8VNXGDU8QLYHUVLW\,VWDQEXO7XUNH\
3
/DERUDWRU\IRU'LDJQRVLVDQG3UHYHQWLRQRI5LFNHWWVLDODQG&KODP\GLDO,QIHFWLRQV,QVWLWXWHRI9LURORJ\6$6%UDWLVODYD6ORYDNLD

,QKXPDQVQ IHYHUFDQEHDV\PSWRPDWLF, and
if there LWV V\PSWRPV PD\ EH FRQIXVHG ZLWK
influenza or atypical pneumonia The primary route
of transmission is through inhalation of dust and
droplets contaminated with C. burnetii, EXW also can
EH WUDQVPLWWHG WR KXPDQV WKURXJK GLUHFW FRQWDFW
[4,]$OWKRXJK4IHYHULVQRWZHOONQRZQfindings
collected from special centers and identifying C.
burnetii DV D ELRWHUURULVP DJHQW E\ WKH &HQWHUV IRU
'LVHDVH &RQWURO DQG 3UHYHQWLRQ have significantly
increased familiarity with the disease disease's
familiarity)RUWKLVUHDVRQGLDJQRVLVDQGSUHYHQWLRQ
are of great importance for this disease [6]
C burnetii is a pleomorphic gram-negative
FRFFREDFLOOXV DQG D VPDOO EDFWHrium that is
DSSUR[LPDWHO\WRμm ZLGHDQGWRμm
long [7,] /36s are one of the main components of
WKH RXWHU PHPEUDQHV RI JUDP-QHJDWLYH EDFWHULD
/36V, considered strong immunostimulators, are
essential for the physical organization and function
of outer PHPEUDQHVand, consequently, IRUEDFWHULDO
JURZWK DQG UHSURGXFWLRQ /36 PHPEUDQH of
Coxiella burnetii is a dominant antigen in the
immune system [9] Two separate phases of C.
burnetii ZHUH SDWKRJHQLF SKDVH , LVRODWHG IURP
DQLPDOV DQG KXPDQV DQG OHVV SDWKRJHQLF SKDVH ,,
REWDLQHG E\ UHSHDWHG SDVVDJHV LQ HPEU\R HJJV RU
tissue cultures [] But it should EH QRWHG WKDW
vDFFLQHVFRQWDLQLQJRUSUHSDUHGIURPRQO\SKDVH,C.
burnetii DUHFRQVLGHUHGWREHSURWHFWLYH [11]Within
the scope of this paper, our group studied with
YLUXOHQWSKDVH, 1LQH0LOH, 56$ RI/36WR
GHYHORSYDFFLQHVDJDLQVW4IHYHUGLVHDVH
&RQMXJDWHV DQG FRPSOH[HV RI V\QWKHWLF
SRO\PHUV ZLWK ELRPROHFXOHV VXFK DV SURWHLQ
OLSRSRO\VDFFKDULGH KDYH EHHQ YHU\ LPSRUWDQW LQ
recent years due to their high advantages in areas
VXFK DV ELRWHFKQRORJ\ YDFFLQH GLDJQRVWLF NLW
SKDUPDF\ &RQMXJDWHV DQG FRPSOH[HV IRUPHG ZLWK
synthetic polymers are used as an important carrier
for antigens, providing an effective and stronger
immune response [,13]
3RO\R[LGRQLXPLVDQ1-R[LGL]HGSRO\HWK\OHQH-

ABSTRACT
Coxiella burnetii is a Gram-QHJDWLYH EDFWHULD
that causes Q fever, a common zoonotic disease
ZRUOGZLGH 7KH Coxiella
burnetii
/36
(Lipopolysaccharides) PHPEUDQH LV D GRPLQDQW
antigen in the immune system and has an important
role in creating a new generation vaccine against Q
IHYHU 3RO\R[LGRQLXP LV D ZDWHU-VROXEOH V\QWKHWLF
QRQWR[LF ELRFRPSDWLEOH SRO\PHU DV XVHG DQ
immunoadjuvantNew generation vaccines are more
advantageous than other vaccines since they do not
contain the ZKROHYLUXVQRVLGHHIIHFWVDUHH[SHFWHG
and they generate a stronger immune response with
safe and effective adjuvant polymers The study
presented as a new vaccine candidate against Q fever
LVFRYHUHGILQGLQJVRIWKHFRPSOH[HVDQGFRQMXJDWHV
V\QWKHVL]HG LQ GLIIHUHQW UDWLRV RI /36 DQG
3RO\R[LGRQLXP
7KH V\QWKHVL]HG FRPSOH[es and conjugates
ZHUH FKDUDFWHUL]HG E\ G3& and ZetaSizer, upon
optimum ratio was detected ,PPXQHUHVSRQVHVZHUH
LQYHVWLJDWHGE\ immunization of mice with selected
FRPSOH[DQGFRQMXJDWH2EWDLQHGresults show that
L36-polymer FRPSOH[es and conjugates have
SRWHQWLDOIRUIXWXUH4IHYHUYDFFLQHIRUPXODWLRQV
KEYWORDS:
4)HYHU3RO\R[LGRQLXPWHUQDU\FRPSOH[HVFRQMXJDWLRQ
immunization(/,6$

INTRODUCTION
Q fever, all common in the world, is a zoonotic
and contagious LQIHFWLRQ FDXVHG E\ Dn REOLJDWH
intracellular and gram-QHJDWLYH FRFFREDFLOOL called
Coxiella burnetii (C. burnetii) [1,] This disease,
ZKLFK LV HQGHPLF DOO RYHU WKH ZRUOG H[FHSW
$QWDUFWLFD DQG SRVVLEO\ 1HZ =HDODQG affects
KXPDQVEHVLGHVDUWKURSRGVEirds, domestic and wild
animals [3]
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Preparation of LPS-Polymer Complexes. ,Q
this section of study two GLIIHUHQW FRPSOH[HV ZHUH
SUHSDUHG DV /36-3RO\PHU physical FRPSOH[HV DQG
polymer-metal-/36 FRPSOH[HV /36-3olymer
FRPSOH[HV formed with electrostatic interaction at
pH 74 E\PDNLQJSK\VLFDOPL[WXUH molar ratio
LVIRUPHGZLWKSK\VLFDOPL[WXUHRI/36WR3olymer)
RI 32;ZLWK WKH/36 ZLWKRXW PRGLILFDWLRQRI WKH
VWUXFWXUH  3olymer-metal-/36 FRPSOH[HV ZHUH
formed WKURXJKWKHFRSSHUPHWDOLRQ$IWHUPL[LQJ
RQHQLJKWWKHELQDU\FRPSOH[HVZKLFKLVFUHDWHGE\
addiQJ &X624+2 VROXWLRQ WR polymer, pH is
adjusted to 74 (for ELQDU\SRO\PHU-PHWDOFRPSOH[ 
Later, ternary 3olymer-Cu-/36 FRPSOH[HV ZHUH
SUHSDUHG E\ WKH DGGLWLRQ RI /36 VROXWLRQ RQ WKH
ELQDU\FRPSOH[(last pH=74 LVFKHFNHG [,]

piperazine derivative, synthetic, water-VROXEOH
QRQWR[LF DQG SRO\FDWLRQLF LPPXQRPRGXODWRU\
polymer Grippol, the first synthetic polymer
YDFFLQH ZDV REWDLQHG LQ  E\ FRQMXJDWLQJ
LQIOXHQ]DYLUXVSURWHLQVZLWK3RO\R[LGRQLXP 32; 
and millions of people KDYH EHHQ YDFFLQDWHG LQ
5XVVLD3RO\R[LGRQLXPDELRFRPSDWLEOHSRO\PHULV
used in new generation vaccines as an
immunoadjuvant [14-16]
7RGD\ YDFFLQHV SURGXFHG E\ WKH FODVVLFDO
method [Q-9D[ DIRUPDOLQ-inactivated whole-cell
YDFFLQH &R[HYDFYHWHULQDU\YDFFLQH LQDFWLYDWHG
Coxiella burnetii EDFWHULD  OLYH 0-44 Q fever
vaccine] are used against Q fever [17-19]However,
WKHNQRZQGLVDGYDQWDJHVRIWKHVHYDFFLQHVSURGXFHG
E\ FODVVLFDO PHWKRGV LQGLFDWH WKH Qecessity to
produce new generation vaccines against this
GLVHDVHZKLFKLVVWLOOLPSRUWDQWWRGD\
The purpose of this study is to synthesize,
FKDUDFWHUL]DWLRQ RI WKH /36-32; FRPSOH[ DQG
conjugates and to investigate the immune responses
RIWKHVHV\VWHPV TKHUHLVQRVWXG\KDVEHHQIRXQG
in the literature DERXWWKHFRPSOH[DQGFRQMXJDWHRI
synthetic polymers with Coxiella burnetii /3S/363RO\PHU FRPSOH[es and conjugates are more
advantageous than conventional vaccines EHFDXVH
they are applied with adjuvant polymers, they do not
contain all viruses and therefore no adverse effects
DUH H[SHFWHG :H EHOLHYH WKDW REWDLQHG UHVXOWV will
provide significant improvements in the
development of new generation polymeric vaccines
DJDLQVW4IHYHUGLVHDVH

Synthesis of LPS and POX Conjugates. ,Q
WKH SUHSDUDWLRQ RI /36-32; FRQMXJDWHV DV
mentioned in the literature, a multi-step conjugation
procedure was applied [,] ,QWKHILUVWVWDJHLWLV
aimed to convert WKH K\GUR[\O JURXSV RI /36 WR
DPLQR JURXSV 7KH K\GUR[\O JURXSV RI /36 ZHUH
R[LGL]HG WR DOGHK\GH JURXSV ZLWK  P0 VRGLXP
SHULRGDWH 1D,24) 7KH UHDFWLRQ LV FDUULHG RXW E\
SURWHFWLQJIURPOLJKWIRUKRXUVLQSKRVSKDWHEXIIHU
(pH=74) and then dialyzed IRU  K DW & /36
molecules containing aldehyde were reductively
DPLQDWHGE\WKHUHDFWLRQZLWKHWK\OHQHGLDPLQHDQG
NaCNBH3 LQ SKRVSKDWH EXIIHU IRU  K Then
dialyzed IRUKDW&/36DQG32;FRQMXJDWHG
at the three different molar UDWLRV  E\XVLQJ
water-VROXEOH 1-ethyl-3-(3-dimethylaminopropyl)
FDUERGLLPLGHK\GURFKORULGH ('& as a zero-length
cross-OLQNHUThe reaction carried out DWS+IRU
overnight under vigorous stirring at & [,31]
n32;Q/36 ratios were calculated using the
equation n=&N$0 ZKHUH Q LV WKH QXPEHU RI WKH
molecules at 1 mL, M is the molecular weight of
components and N$ LVWKH$YDJDGURQXPEHUDQGC
UHSUHVHQWFRQFHQWUDWLRQLQJmL []

MATERIALS AND METHODS
Reagents. 1-ethyl-3-(3-dimethylaminopropyl)
FDUERGLLPLGH K\GURFKORULGH were purchased from
6LJPD $OGULFK &KHPLFDOV 86$ NaH324, NaH324+2 1D&O ZHUH IURP )OXND Germany) and
NaN3 was REWDLQHG from $SSOLFKHP *HUPDQ\ 
&X624+2 DQG 1D,24 were purchased from
0HUFN *HUPDQ\  Ultra-SXUH ZDWHU ZDV REWDLQHG
IURPD0LOOLSRUH0LOOL4V\VWHP

ZetaSizer. Dynamic light scattering (DLS)
technique was used for Z-average (Z-$YH  size
PHDVXUHPHQW RI WKH /36 SRO\PHU FRPSOH[ DQG
conjugates with a Zetasizer Nano ZS (Malvern)
LQVWUXPHQWHTXLSSHGZLWKP9+H-Ne laser (633
QP  Measurements were performed for DW ± 
& ZLWK XVLQJ  F3 RI YLVFRVLW\ DQG  RI
UHIUDFWLYHLQGH[IRUWKHVROXWLRQV
Electrophoretic light scattering (ELS)
technique waV XVHG IRU ]HWD SRWHQWLDO ȗ 
measurement of the /36, polymer FRPSOH[ DQG
conjugates 7KH PHDVXUHPHQWV ZHUH SHUIRUPHG LQ
the folded capillary cell DW    & ZLWK WKH
IROORZLQJ SDUDPHWHUV YLVFRVLW\  F3
GLHOHFWULFFRQVWDQWI ND  6PROXFKRZVNL 
The measurement durations and voltage selections
were set to automatic mode [33,34]

Cultivation and Purification of Coxiella
burnetii Cells. C. burnetii strain S serologically in
YLUXOHQWSKDVH, (1LQH0LOH, 56$ , was from
WKH VWUDLQ FROOHFWLRQ RI WKH :+2 &ROODERUDWLQJ
&HQWUHIRU5LFNHWWVLDO5HIHUHQFHDQG5HVHDUFKDWWKH
,QVWLWXWHRI9LURORJ\6ORYDN$FDGHP\RI6FLHQFHV
%UDWLVODYD 6ORYDN 5HSXEOLF 7KH EDFWHULXP ZDV
SURSDJDWHG LQ HPEryonated FKLFNHQ eggs as
GHVFULEHG [,]$IWHUFXOWLYDWLRQWKHSKDVH,FHOOV
ZHUHSXULILHGE\UHSHDWHGH[WUDFWLRQVZLWKHWKHU[] ,VRODWLRQ RI D OLSRSRO\VDFFKDULGH IURP C.
burnetii FHOOV  E\ KRW SKHQROZDWHU SURFHGXre as
GHVFULEHGLQRXUSUHYLRXVSDSHU[]
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Gel permeation chromatography analysis of
conjugates. /36-polymer conjugates were analysed
with gel permeation FKURPDWRJUDSK\ E\ Wriple
detection system consisting RIUHIUDFWLYHLQGH[ 5,
QP , 8OWUDYLROHW 89  QP  and right angle
OLJKW VFDWWHULQJ 5$/6  QP  GHWHFWRUV ZKLFK
ZHUH FDOLEUDWHG ZLWK 3(2  N'D  VWDQGDUG
solution ,W ZDV VWXGLHG DW URRP WHPSHUDWXUH 
mLPLQ IORZ UDWH  O LQMHFWLRQ YROXPH DQG
Shim-3DFN'LRO- [ FP FROXPQS+ 4
3%6  NaN3 ZDV XVHG IRU WKH PRELOH SKDVH
[]
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RESULTS AND DISCUSSION
,Q WKH SUHVHQW VWXG\ IRU WKH ILUVW WLPH LQ WKH
OLWHUDWXUHV\QWKHWLF32;DQG/36FRQMXJDWHVZHUH
FUHDWHG DQG H[DPLQHG DV DQHZJHQHUDWLRQYDFFLQH
model against Q fever disease
Results of Isolation and Characterization of
LPS. &RORULPHWULF DQDO\VHV VKRZHG WKDW WKH /36
FRQWDLQHG QPROPJ RI n 3-GHR[\-D-manno-octulosonic acid (.GR)  QPROPJ RI
SKRVSKDWH  QPROPJ RI KH[RVDPLQHV *DV
chromatography-mass spectrometry analyses of
neutral sugar composition revealed the presence of
YLUHQRVH  [\ORVH  PDQQRVH  
JDODFWRVH
 
JOXFRVH
 
GLK\GURK\GUR[\VWUHSWRVH  DQG/-glycero-Dmanno-KHSWRVH  DVWKHFRUUHVSRQGLQJalditol
DFHWDWHV The Z-$YH VL]H  QP and the Zpotential value -P9 RIWKH/36ZDVPHDVXUHG
with the ZetaSizer )LJXUH 

Immunization. The immunization study of
water-VROXEOH SRO\PHU-/36 GRXEOH, ternary
FRPSOH[HV DQG FRQMXJDWHV ZHUH FDUULHG RXW LQ WKH
78%,7$. 0DUPDUD 5HVHDUFK &HQWHU *HQH
(QJLQHHULQJ DQG %LRWHFKQRORJ\ 5HVHDUFK ,QVWLWXWH
7UDQVJHQHDQG([SHULPHQWDO$QLPDOVODERUDWRU\ 
ZHHNVROGWZHQW\-IRXUPDOH%DOEF -J ZHUH
intraperitoneally immunized ZLWK  mL samples
XQGHUHWKHUDQHVWKHVLDDVJURXSVDWDQGGD\V
7KHVH JURXSV LQFOXGLQJ FRQWURO /36 SRO\PHU
/36-32; SK\VLFDO FRPSOH[ /36-Cu-32;
ternary FRPSOH[ DQG /36-32; FRQMXJDWH ZHUH
studied with 4 mice in each groups

Characterization of LPS-Polyoxidonium
Physical Complexes. 3DUWLFOHVL]HDQG]HWDSRWHQWLDO
DQDO\VLV RI WKH UHVXOWLQJ SK\VLFDO FRPSOH[ ZDV
performed in comparison to /36DQG32;The Z$YHYDOXHVRIWKH/3632;DQG/36-32;SK\VLFDO
FRPSOH[ZKLFKDUH ±  QP ± 33
QPDQG ±  nm, respectively, are shown in
Figure 1$ 7KH VL]H RI WKH /36-32; SK\VLFDO
FRPSOH[FRPSDUHGZLWKWKHGLPHQVLRQVRI/36DQG
32;LWLVVHHQWKDWWKHVL]HRIWKHFRPSOH[IRUPHG
LVODUJHUWKDQWKHELRPROHFXOHDQGSRO\PHU2EWDLQHG
results
shows
that
the
polymer
and
OLSRSRO\VDFFKDULGHIRUPDSK\VLFDOFRPSOH[ZLWKRXW
EHFRPLQJFRPSDFW
Figure 1B shows, the Zeta potential values of
WKH/3632;DQG/36-32;SK\VLFDOFRPSOH[ZHUH
measured as - ±  P9 - ±  mV
DQG ±  P9 UHVSHFWLYHO\ ,W LV VHHn in the
ILJXUHWKDWZLWKWKHIRUPDWLRQRIDSK\VLFDOFRPSOH[
EHWZHHQ WKH SRO\PHU DQG OLSRSRO\VDFFKDULGH WKH
negative charge value goes towards the neutral

Elisa method. 7KH DQWLERGLHV ZHUH PHDVXUHG
with the indirect enzyme-OLQNHG LPPXQRVRUEHQW
DVVD\ (/,6$ in tail-YHLQEORRG VDPSOHV IURP WKH
LPPXQL]HGPLFH%ORRGVDPSOHVWDNHQWRHSSHQGRUI
FRQWDLQLQJOVRGLXPFLWUDWHZHUHFHQWULIXJHGDW
USPIRU VHFRQGV$IWHUFHQWULIXJDWLRQ
ORIVHUXPZDVFDUHIXOO\WDNHQIURPWKHXSSHUSKDVH
and samples were stored at -&XQWLOWKHDPRXQW
RIDQWLERG\ZDVGHWHUPLQHG
ZHOO(/,6$SODWHV 1XQF0D[LVRUS ZHUH
FRDWHGZLWKQJ/36 DQGNHSWDWC overnLJKW
7KH ZHOOV ZHUH ZDVKHG  WLPHV ZLWK  0 3%6
pH=ZDVKEXIIHUFRQWDLQLQJ 7ZHHQ
ȝO RI  PLON SRZGHU VROXWLRQ ZDV DGGHG WR HDFK
ZHOO LQ WKH (/,6$ SODWHV ZLWK WKH KHOS RI -way
DXWRPDWLFSLSHWWH7KH(/,6$SODWHZDVLQFXEDWHGDW
C fRUKRXUDQGZDVKHGWLPHVZLWK3%6ZDVK
EXIIHUFRQWDLQLQJ7ZHHQ 6HUXPVDPSOHV
GLOXWHGLQHDFKZHOOZHUHDGGHGDVO The
SODWHZDVNHSWIRUWZRKRXUVDW &7KH(/,6$
SODWH ZDV ZDVKHG  WLPHV ZLWK 3%6 ZDVK EXIIHU
containing %  Tween $QWL mouse polyvalent
LPPXQRJOREXOLQ DONDOLQH SKRVSKDWDVH (,JG, ,J$
,JM) ZDV GLOXWHG  DQG  O ZDV DGGHG WR
HDFKZHOO7KH(/,6$SODWHZDVLQFXEDWHGDWC
IRUKRXUDQGZDVKHGWLPHVZLWK3%6ZDVKEXIIHU
FRQWDLQLQJ7ZHHQ   3DUDQLWURSKHQ\O
SKRVSKDWH 31)3 VXEVWUDWHVROXWLRQZDVDGGHGDQG
tKH SODWH ZDV KHOG LQ D GDUN URRP IRU  KRXU 7he
DEVRUSWLRQ RI WKH SODWH ZDV UHDG DW  QP IRU
GHWHUPLQLQJDQWLERG\DPRXQW [36](/,6$UHDGLQJV
were performed on WKHWKWKWKWKWK
WKDQGWKGD\VUHVSHFWLYHO\

Characterization
of
POX-Cu2+-LPS
Ternary Complexes. ,QWKLVVWXG\LQDGGLWLRQWRWKH
/36DQG32;FRPSOH[LWZDVREWDLQHGin a ternary
FRPSOH[ XVLQJ FRSSHU LRQ 7KH VL]H RI WKH WHUQDU\
FRPSOH[REWDLQHGDV ± QPDQGthe size
GLVWULEXWLRQZDVVKRZQLQ)LJXUH$LQFRPSDULVRQ
ZLWK 32; DQG /36 ,Q FRQWUDVW WR WKH ELQDU\
FRPSOH[WKHVL]HYDOXHLQWKHWHUQDU\FRPSOH[ZDV
ORZHUWKDQWKDWRI/36DQGVOLJKWO\ODUJHUWKDQWKH
VL]H RI WKH SRO\PHU 7KLV LV EHFDXVH WKH ternary
FRPSOH[ IRUPHG LQ WKH SUHVHQFH RI FRSSHU LRQ LV
PRUHFRPSDFW
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FIGURE 1
Z-Ave (A) and Zeta potential (B) values of LPS, POX and LPS-POX physical complexes

FIGURE 2
Comparative of LPS, POX, POX-Cu2+-LPS A) Z-Ave (d.nm) values B) Zeta Potential values (mV)
$V VKRZQ LQ )LJXUH % 7KH =HWD SRWHQWLDO
YDOXHV RI WKH /36 32; DQG /36-32; SK\VLFDO
FRPSOH[ZHUHPHDVXUHGDV-± P9-
± P9DQG-± P9UHVSHFWLYHO\,W
LVVHHQWKDWWKH]HWDSRWHQWLDORIWKH/3S-Cu-32;
FRPSOH[KDVVKLIWHGWRWKHSRVLWLYHDFFRUGLQJWR/36
ZKLFKKDVWKHKLJKHVWQHJDWLYHFKDUJH
,I ZH FRPSDUH WKH SRO\R[LGRQLXP-/36
SK\VLFDO PL[WXUH DQG 3ROy[LGRQLXP-Cu-/36
ternary FRPSOH[HV the cRPSOH[HV IRUPHG ZLWK
copper ion  ±  QP  DSSHDU WR EH PRUH
FRPSDFW DJDLQVW SK\VLFDO PL[WXUH 4167 ± 
nm) due to the smaller size However, the charge of
WKHSK\VLFDOFRPSOH[KDVPHDVXUHGPRUHQHJDWLYHO\
WKDQ32;7KLVPRUHQHJDWLYHFKDUJHFDQH[SODLQE\
WKH K\SRWKHVLV WKDW FRSSHU LRQ Einds the
SRO\R[LGRQLXP DQG /36 DQG WKHQ WKH REWDLQHG
WHUQDU\ FRPSOH[HV DUH UHELQGLQJ WRJHWKHU E\ RWKHU
FRSSHULRQV

JURXSVRI32;DQGELQGLQJWRWKHDPLQRJURXSVRI
WKH/36ZDVFDUULHGRXWXVLQJ*3& ZLWK89DQG
5$/6GHWHFWRUV DQGWKHFKURPDWRJUDPVDUHJLYHQ
in FLJXUH
7KH *3& 89 FKURPDWRJUDP VKRZV WKDW WKH
3RO\R[LGRQLXP SRO\PHU H[KLELWV DQ HOXWLRQ SURILOH
FORVHWRWKHEDVHOLQHDQGWKH89SHDNVRIWKH/36
and conjugateV EHWZHHQ  DQG  PLQXWHV
UHVSHFWLYHO\1ROLQHDULQFUHDVHZDVREVHUYHGLQWKH
89 FKURPDWRJUDP SHDN DUHDV RI FRQMXJDWHV ZLWK
LQFUHDVHGSRO\PHUFRQWHQW )LJXUH$ 
$FFRUGLQJ WR WKH OLJKW VFDWWHULQJ
FKURPDWRJUDPWKHSHDNDUHDRIWKHSRO\PHUDQGWKH
/36-32;FRQMXJDWHVDSSHDUWREHVPDOOHUWKDQWKH
/36+RZHYHULWZDVREVHUYHGWKDWWKHSHDNDUHDV
of all conjugates had a higher value than the polymer
SHDNDUHDV )LJXUH% 
7KH]HWDSRWHQWLDOYDOXHVPHDVXUHGIRU32;
n32;Q/36 DQGDUHVKRZQLQ)LJXUH
:LWKFRQMXJDWLRQLWZDVREVHUYHGWKDWQHJDWLYH
charges decreased and zeta potential approached
]HUR DV D UHVXOW RI ELQGLQJ RI QHJDWLYHO\ FKDUJHG
FDUER[\OJURXSV &22-) on the polymer with amino
groups (-NH  RQ /36 ,Q WKH OLJKW RI WKHVH
LQIRUPDWLRQFRQMXJDWHIRUPDWLRQZDVFRQILUPHGDW
all n32;Q/36 UDWLRV

Characterization of POX-LPS Conjugates.
3RO\PHU-/36 FRQMXJDWHV ZHUH V\QWKHVL]HG LQ WKUHH
different ratios and EDC used as a cross-OLQNHU
(n32;Q/36 = DQG )RUFRQMXJDWLRQILUVWO\the
-2+ JURXSV RI /36 were converted to -NH
6XEVHTXHQWO\WKHFKDUDFWHUL]DWLRQRIWKHFRQMXJDWHV
ZKLFK REWDLQHG E\ DFWLYDWLQJ WKH FDUER[\OLF DFLG
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FIGURE 3
GPC UV (A) and RALS (B) chromatogram of the LPS and LPS-POX conjugates (nPOX/nLPS ratios 0.5; 1
and 2)

FIGURE 4
Zeta potential values of the polymer and LPS-polymer conjugates (n = 0.5; 1; 2)
injection $IWHUWKHQGLQMHFWLRQDWWKHVDPHGRVHRQ
WKHWKGD\WKHKLJKHVWWLWHUZDVREWDLQHGIURPWKH
/36-32; SK\VLFDO FRPSOH[ RQ WKH WK GD\ EXW
thHUHZDVDVOLJKWGHFUHDVHWKHIROORZLQJZHHNV,Q
WKH JURXS ZKHUH WKH /36-32; FRQMXJDWH ZDV
LQMHFWHGLWZDVREVHUYHGWKDWWKHDQWLERG\UHVSRQVH
LQFUHDVHGLQGD\VDQGWKHKLJKHVWDQWLERG\WLWHUV
ZHUHWDNHQRQWKHWKVWDQGWKGD\V
/36-32;SK\VLFDOFRPSOH[ ȝJ/36DQG
ȝJ32;SHUPRXVH /36-Cu-32;&RPSOH[
 ȝJ /36- ȝJ 32; DQG  ȝO &X624+
VROXWLRQ>PJ mL pure ZDWHU @ȝOZHUH
SUHSDUHG IRU LPPXQL]DWLRQ 7KH SXULILHG SK\VLFDO
FRPSOH[ DQG WHUQDU\ FRPSOH[ ZHUH LQMHFWHG
LQWUDSHULWRQHDOO\ LQ %DOEF PLFH 7KH DPRXQW RI
DQWLERG\LQDOOPRXVHVHUDDJDLQVWWHUQDU\FRPSOH[
WDNHQDWUHJXODULQWHUYDOVIRUGD\VZDVFRmpared
ZLWK WKH VHUXP RI WKH /36 DQG SRO\PHU
&RPSDUDWLYH UHVXOWV IRU /36-Cu-32; WHUQDU\
FRPSOH[ ZLWK /36 32; DQG /36-32; ELQDU\
FRPSOH[DUHJLYHQLQ)LJXUH

Immunology
results.
There
are
6
LPPXQL]DWLRQJURXSVFRQVLVWLQJRI/3632;/3632; FRPSOH[ /36-Cu-32; WHUQDU\ FRPSOH[
/36-32; FRQMXJDWH DQG FRQWURO JURXS
,PPXQRORJ\UHVXOWVDUHJLYHQLQWZRJUDSKVZKHUH
the conjugate is compared ZLWK32;/36DQG32;/36ELQDU\FRPSOH[DQGWKH/36-Cu-32;WHUQDU\
FRPSOH[LVFRPSDUHGwith 32;/36DQG32;-/36
ELQDU\ FRPSOH[ )LJXUH  DQG )LJXUH 
UHVSHFWLYHO\  Control groups are not specified in the
graphics (data not shown) 7KH /36-32;SK\VLFDO
FRPSOH[  ȝJ /36 DQG  ȝJ 32;  DQG
conjugates (n=1 RI/36DQG32;LQWKHSUHVHQFHRI
('&FURVVOLQNHUZHUHSUHSDUHGwith a total volume
of ȝO The 32;/36 SXULILHGSK\VLFDOFRPSOH[
DQGELRFRQMXJDWHVZHUHLQMHFWHGLQWUDSHULWRQHDOO\LQ
EDOEF PLFH Comparative results IRU /36-32;
FRQMXJDWH ZLWK /36 32; DQG /36-32; ELQDU\
FRPSOH[DUHJLYHQLQ)LJXUH
$VVHHQLQ)LJXUH/36-32;ELQDU\SK\VLFDO
FRPSOH[ DQG /36-32; FRQMXJDWHV DSSHDU WR JLYH
FORVH UHVXOWV ZLWK /36 DQG SRO\PHU DIWHU WKH ILUVW
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FIGURE 5
Comparison of antibody amounts in serum taken for 58 days from Balb/c mice injected for LPS (Ŷ), POX
(Ŷ), LPS-POX Complex (Ŷ), LPS-POX Conjugate (Ŷ)

FIGURE 6
Comparison of antibody amounts in serum taken for 58 days from Balb/c mice injected for LPS (Ŷ), POX
(Ŷ), LPS-POX complex (Ŷ), LPS-Cu2+-POX ternary complex (Ŷ)
$VVHHQLQ)LJXUHWKHKLJKHVWDQWLERG\WLWHUV
among the 6 groups specified after the first injection
were REVHUYHGLQWHUQDU\PHWDOFRPSOH[HV:LWKWKH
GHFUHDVHRI2'YDOXHVDWQPRQWKHWKGD\

WKHQGLQMHFWLRQZDVSHUIRUPHGDWWKHVDPHGRVHIRU
ERRVWHUGRVHV7KHKLJKHVWLQFUHDVH ZDVREVHUYHG on
the 37th day at WKH/36-Cu-32;JURXS$VOLJKW
GHFUHDVHZDVREVHUYHGRQWKHWKGD\DQGWKHWKLUG
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LQMHFWLRQ KDOIGRVH ZDVSHUIRUPHG6XEVHTXHQWO\
that the immune response was received at
DSSUR[LPDWHO\2'RQWKHVWGD\
,Q FRPSOH[HV IRUPHG E\ PHWDO ions, it is
EHOLHYHG WKDW WKH PHWDO VXSSRUWV WKH ELQGLQJ RI WKH
SRO\PHUWRWKH/36ZLWKRXWFDXVLQJDQ\FKDQJHLQ
WKH FKHPLFDO VWUXFWXUH RI WKH FRPSRQHQWV ,Q
addition, it is stated in the literature that the
SRO\FRPSOH[HV IRUPHG ZLWK WKLV PHWDO ions show
strong immunogenicity and provide a high level of
immunological protection [37]
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CONCLUSION
,QRXUVWXG\WKHSK\VLFDOFRPSOH[/36-Cu32;WHUQDU\FRPSOH[and covalent conjugates of the
GRPLQDQW DQWLJHQ /36 RI Coxiella burnetii with
V\QWKHWLFSRO\PHUSRO\R[LGRQLXPZDVV\QWKHVL]HG
SXULILHG DQG FKDUDFWHUL]HG
Conjugates and
FRPSOH[HV ZHUH LQMHFWHG LQWR %DOE  F PLFHV DQG
DQWLERG\UHVSRQVHVZHUHGHWHUPLQHG
Consequently, WKH WHUQDU\ FRPSOH[HV IRUPHG
E\FRSSHUDFWLYDWHGWKHLPPXQHV\VWHPLQWKHEHVW
way and created the highest antigen-specific immune
UHVSRQVH 7KH GDWD REWDLQHG LQ WKLV DUWLFOH DUH
thought to play an important role in the development
of various preventive treatments and vaccination
systems against Q fever disease and in the diagnosis
of Q IHYHUGLVHDVH
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STUDY ON THE FUNCTION AND ENERGY-SAVING
EFFECT OF AGRICULTURAL MACHINERY IN THE
PROCESS OF LOW TEMPERATURE DRYING OF GRAIN
Dandan Zou, Gang Che*, Lin Wan
Hei Longjiang BaYi Agricultural University, Daqing 163319, China

The most common drying method for grain is
the open-air-sun-drying, which is uncontrolled,
exposed to the environmental contamination and
requires a longer time and large human handling. If
high-moisture rice is not dried in time, it will be
mildewed and germinated and cause losses [8], so
mechanization of rice drying is an urgent problem
to be solved in the grain production process. Using
a grain dryer to dry grain at a low temperature can
not only solve the problem of untimely drying of
rice, but also ensure the quality of the dried rice,
play a role in energy saving and bring good social
and economic benefits.
There are fluidised bed [9-11], thin layer [12]
and impinging streams dryers [13] as alternative
means of food grain drying. Fluidised beds are
increasingly applied in agricultural product drying
due to their several advantages such as high heat
capacity of bed and improved heat and mass transfer rate.
Grain drying mechanization technology uses
machinery as the main method, adopts corresponding processes and technical measures, artificially
controls temperature, humidity and other factors,
without compromising the quality of grain, reducing the water content in grain to achieve national
safe storage standard drying technology [14-16]. In
addition to effectively preventing the loss caused by
continuous rain and other catastrophic weather, it
also has obvious advantages: First, it reduces labor
intensity, improves labor conditions, and improves
labor productivity. Effective means; Second, it
improves the quality, storability and processability
of grain; Third, it can prevent the pollution of grain
caused by natural drying, and prevent traffic accidents caused by farmers occupying the road to dry
[17-21]. Grain drying mechanization technology
has changed the long-standing traditional method of
drying grain on the drying field by relying solely on
natural sunlight for a long time, and has taken another step towards the full realization of agricultural
mechanization and modernization.

ABSTRACT
Drying is the most important post-harvest processing method for the long-term storage of food
grains. Drying is usually determined by various
operational conditions and grain properties like
grain size, density and initial moisture content. The
effects of these grain properties on the drying quality are evaluated in this study. Energy-saving effect
in the process of low temperature drying of grain is
studied. The findings should be useful for a better
understanding and control of the drying process in
the agricultural machinery.

KEYWORDS:
Drying, Grain, Low temperature, Energy-saving

INTRODUCTION
China is the world's largest grain producer and
consumer, with a total annual grain output of about
500 million tons [1]. According to statistics, after
the grain harvest in our country, the losses in the
process of threshing, drying, storage, transportation,
processing and consumption are as high as about
18%, far exceeding the 5% standard set by the Food
and Agriculture Organization of the United Nations
[2]. Among these losses, due to climatic reasons,
the loss of grain due to mildew, germination, etc.
caused by grains that are too late to dry or fail to
reach a safe moisture content is as high as 5%. If
each person consumes 500 g of food per day, it can
be consumed by 68,000 people for one year [3-5].
This number is staggering, and reducing the loss of
grain received to the lowest point is an important
issue we have to solve [6].
The storage of food grains is the most important and critical post-harvest operation. Drying
is one of the oldest and effective methods of grain
preservation during storage and is a fundamental
operation in further processing like the preparation
of starch. The exact safe moisture content after
drying varies for different grains, and generally the
moisture content below 10% is considered as safe
for a longer storage [7].
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with a moisture content of more than 24.0% are
dried after 10 hours and their taste begins to decline. Dry to a moisture content below 14.0% for
safe storage.

MATERIALS AND METHODS
The gas-solid flow of food grain drying is
considered here as a continuum gas phase (drying
air) and a discrete solid phase (drying particle).
The drying process can be affected by various
external factors such as operation conditions, bed
geometries and grain properties. In this work, the
effects of three grain properties (i.e., particle size,
initial moisture content and particle density) on
drying have been investigated.

RESULTS
Effect of initial moisture content. The initial
moisture content of particles is another important
grain property that has effect on various characteristics of drying.
The higher percentage of diameter reduction is
found with the particles of higher initial moisture
content. This result is expected as the particle
shrinkage calculated here is directly correlated with
the initial moisture content of particle. The maximum of reduced particle diameter calculated in this
study are around 7.5, 6.0 and 3.6% for the initial
moisture content of 21%, 17% and 13%, respectively (Figures 1 and 2).

FIGURE 2
Contour Plot of Drying rate (%/h) vs D, B.
Effect of particle size. It is clear from these
results that the drying rate decreases significantly,
and the drying time increases with increasing particle size (Figure 3 and 4). This result is reasonable
as the heat transfer rate for smaller particles is
higher than the larger one which leads to faster
particle heating followed by a higher moisture
evaporation rate. The convection heat transfer coefficient depends on the physical parameters of the
particle such as density and surface area. The convection heat transfer coefficient for smaller particles is higher than the larger particle mainly due to
larger surface area per unit volume. Furthermore, it
has also been reported that the conduction heat
transfer is stronger for small particles than the large
particles in a fluidised bed due to larger surface
contact area between particles. On the other hand,
small particles have higher velocities than large
particles since the drag force and the related particle
motions are affected by the particle diameter and
the density, leading to higher drying rates. Additionally, particle volume reduction leads to the
higher surface area contact of moisture with the hot
air and thus to the higher moisture evaporation rate
from the particle surface and the higher drying rates
of small particles.

FIGURE 1
Contour Plot of Drying rate (%/h) vs D, C
Since the biological characteristics of rice determine that the grain is more difficult to dry, the
improvement of drying technology must be designed based on the drying characteristics of the
grain. In actual production, not only the high
productivity of the grain dryer is required, but also
the low waist rate of the grain after baking. To
ensure the quality of rice. Therefore, to explore a
new process of drying grains, it is necessary to
remove moisture, but also to maintain its nutritional
composition and taste. Tests have shown that grains

Effect of drying time. Studies have shown
that the longer the drying time, the higher the stress
crack rate (Figure 4). As far as grain is concerned,
the grain rate of grain can be reduced. Quick drying
and moisture absorption will make the moisture on
the surface and inside of the grain uneven, and then
cracks due to internal stress. From a crack point of
view, the drying speed should be limited.
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Effect of particle density. Particle density is
one of the important grain properties affecting solid
flow pattern and heat transfer rate which is regarded
as crucial for the drying rate.
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Total energy consumption. Increasing the
GU\LQJ DLU WHPSHUDWXUH IURP  WR  DQG ௗ&
resulted in variation of total energy consumption
IURP  WR DQGௗN:KUHVSHFWLYHO\ 7KH
minimum value for the total energy consumption
ZDV REWDLQHG DW ௗ& WHPSHUDWXUH ,QFUHDVHG DLU
YHORFLW\ IURP  WRௗPV UHVXOWHG LQ LQFUHDVHG WRWDO
HQHUJ\ FRQVXPSWLRQ IURP  WR ௗN:h. In
addition, the total energy consumption of the drying
system in “closed”, “semi-open”, and “open” status
of the air return gate were obtained as 4.55, 5.476,
DQGௗN:KUHVSHFWLYHO\

FIGURE 3
Contour Plot of Drying rate (%/h) vs C, B

FIGURE 5
Contour Plot of Drying rate (%/h) vs C, A

FIGURE 4
Contour Plot of Drying rate (%/h) vs D, A
The effects of particle density on drying and
percentage of particle diameter reduction rate are
illustrated in Figures 5 and Figure 6. The drying
time required for particles with density of 990
kg/m3 is longer (around 280 s) than particles with
other densities e.g. around 260 s for 940 kg/m3 and
240 s for 850 kg/m3. The drying rate increases with
decreasing particle density. As the heat transfer rate
and the particle motion can be affected by particle
density, lower particle density may lead to higher
particle heat transfer rate and higher particle motion
and thus to the higher drying rate with lower drying
time. The similar effect of particle density is observed for both drying and shrinkage rates as expected. The higher particle diameter reduction rate
is observed for the lower particle density.

FIGURE 6
Contour Plot of Drying rate (%/h) vs B, A

DISCUSSION AND CONCLUSIONS
Drying is usually determined by various operational conditions and grain properties like grain
size, density and initial moisture content. The effects of these grain properties on the drying quality
are evaluated in this study. The results show that
drying rate increases exponentially with decreasing
grain size. The initial moisture content is found to
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have a minor effect on the drying rate. A lower
drying rate with a longer drying time are observed
with increasing grain density. Energy-saving effect
in the process of low temperature drying of grain is
studied. Increasing the drying air temperature from
 WR  DQG ௗ& UHVXOWHG LQ YDULDWLRQ RI WRWDO
energy consumption from 6.38 to 3.74 and
ௗN:K UHVSHFWLYHO\ 7KH ILQGLQJV VKRXOG EH
useful for a better understanding and control of the
drying process in the agricultural machinery.
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ABSTRACT

INTRODUCTION

Menopause is the permanent cessation of
ovarian follicular activity and the menstrual cycle.
There is little physiologic and histologic data concerning the possible effects of menopause on respiratory tract and possible beneficial agents for
respiratory tract against the effects of menopause.
The rat lungs and trachea have been
obtainedfrom young and old rats which were
treated
with
either
vitamin
D
(VitD;
1000IU/kg/week),Fish oil (FO; 0.8 mL/kg/week) or
exercise (running 45 minutes/3 times/week) for 12
weeks after one week overiectomy (OVX) followup.
Oxidative stress markers found increased at
OVX and OVX+E groups. However, oxidative
stress marker levels were lower at OVX+E group
than OVX group. Vitamin D and fish oil also
caused decreased oxidative stress at lung tissue
compared to OVX group.
OVX group had histological changes such as
epithelial desquamation, peribronchial smooth
muscle hypertrophy, peribronchial lymphoid
follicles, Type 2 pneumocyte hyperplasia; however,
none of them was found at exercise group.
Ovariectomy caused respiratory system effects
in rats. Menopause cause oxidative stress; however,
exercise, vitamin D and fish oil have protective
effects against oxidative stress at lungs at different
quantities. Ovariectomy group has the greatest
damage compared to other groups. Exercise is the
best protective modality against the effects of
menopause at respiratory system.

Menopause is described as the end of female
reproductive life. After menopause ovarian
follicular activity and menstrual cycle permanently
stops [1, 2].
The physiological process of menapouse is
characterized by changes in sex hormones and
gradual decrease in estrogen secretion. Estrogen is
an important hormone to regulate the response to
oxidative stress[3].
The products of aerobic metabolism, called as
reactive oxygen species (ROS), have important
effects on signaling, apoptosis and phagocytosis
functions of the organism[4]. Increased ROS
production is responsible for the pathophysiology
of various chronic degenerative diseases [5].
The cause of several symptoms and diseases
like hot flashes, night sweats, irregular menses,
mood changes, osteoporosis, heart disease, and
sometimes premature ovarian failure, decline and
eventual cessation of estrogen production. There is
little physiologic and histologic data concerning the
possible effects of menopause on respiratory tract
and possible beneficial agents for respiratory tract
against the effects of menopause [6-8].
The target of many treatments for
postmenopausal changes is to reduce the effect of
reduction in estrogen hormone levels. Many of
these therapies also include lifestyle changes such
as diet and exercise [9].
In the postmenopausal period, regular physical
exercise can be considered as an adjuvant for the
prevention and the treatment of chronic
degenerative diseases[10]. Although it is known
that ROS production increases after physical
activity due to increased volume of O2 inhaled,
alterations in intracellular Ca++ homeostasis,

KEYWORDS:
Menopause, Oxidative Stress, Vitamin D, Fish Oil,
Exercise
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vasomotor variations, and ischemia–reperfusion [4].
Some of the positive outcomes of physical exercise
can be explained by the increased response of the
antioxidant system induced by the ROS generated
in physical exercise in healthy individuals
improving its protective capacity. The response of
the antioxidant system against reactive oxygen
radicals formed by physical activity in healthy
individuals explains the increase in protective effect
[11, 12]. Biomarkers such as glutathione (GSH) and
superoxide dismutase (SOD) and glutathione
peroxidase (GPx) can be seen at similar studies to
assess the changes of the antioxidant system in
animal model and in humans[13, 14].
Foods rich in antioxidants provide a great
benefit for women with menopausal symptoms
because of their auxillary function to decrease the
oxidative stress of the body.
In the light of knowledge that regular physical
exercise [11] and that vitamin d has antioxidant
functions, we investigated the effect of oophorectomy on antioxidant response in regularly exercised
Wistar rats [15].
In this study, we aimed to show the
histopathological effects of menopause at
respiratory system and the oxidative burden of
menopause at lungs; moreover we aimed to put
forth the possible protective effects of fish oil,
vitamin D and exercise at lungs of rats against
oxidative stress originated from menopause.
The effects of menopause at lungs and respiratory system are not well known in contrast to cardiovascular system and skeletal system.
The aim of our study is to show the oxidative
stress burden at respiratory system caused by menopause and the to put forth the possible protective
effects of exercise, vitamin D and fish oil treatment
over oxidative stress parameters. The secondary
aim of this study is to find out the relation between
oxidative stress and histopathological findings at
lungs seen after menopause.
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respectively). After shaving and cleaning, to palpate
the rib cage with 1.5 cm incision, abdomen was
dissected inferiorly. Resection to ovaries were applied [16]. Incision was sutured. Then the animals
were left for one week for surgical wounds healing.
Then, OVX rats were randomly chosen for one of
the 4 subgroups and they were followed for additional 12 weeks as those untreated (OVX) and
treated with vitamin D (Vit D; 1000 IU/kg/week),
Fish Oil (OVX-FO; 0.8 mL/kg/week)(Lluis et al.,
2013) or exercise (treadmill, OVX-E 45 minutes/3
times/week) for 12 weeks after one week overiectomy (OVX) follow-up. On the other hand, to compare the menopausal progress 5-month old healthy
rats (sham-operated group) were used as young
female controls after abdominal incision.
Vitamin D (OVX-Dvit, Devit-3® oral solution, Deva Holdings, Istanbul, Turkey) and Fish Oil
(OVX-FO, Omega-3 “700”®, EPA/DHA ratio
360/240Solgar Holdings Inc., NJ, USA) have been
purchase from the local pharmacy store. Searching
of the literature, vitamin D chronic treatment have
been givenfor 3 months and high doses without
seeing the side effects, therefore we have planned
three months studyand dose of 1000 IU/kg/week
too [17].
On the study day, under the anaesthesia with
Ketamine and Xylasine (50 mg/kg and 5 mg/kg,
respectively), after cervical dislocation, trachea and
lungs were dissected. Trachea and the right lung
were put into 10% formaline solution and sent to
the pathology department in 10% formalin solution
for histopathologic evaluation. The left lung of rats
were put into -80°C immediately after resection, to
be used for tissue homogenization to detect superoxide dismutase (SOD), glutathion peroxidase
(GSH), catalase and malondialdehyde (MDA) levels at lung tissue. The measurements were performed in a single-blinded manner.
Throughout our study four rats died. They
were dissected immediately to discover the cause of
death, most of which showed internal hemorrhage
on exploration. Some of the rats died possibly because of the surgical procedure just after randomisation (3 exitus from sham group and 1 exitus from
OVX group). During transportation procedure, one
lung from each OVX+FO and OVX+E groups were
corrupted in formaline solution and became unusable for histopathologic evaluation. Also one lung
from each OVX and OVX+Dvit groups were found
to be melted after transport in dry ice; and has not
been taken into tissue homogenisation procedure
(Figure 1).

MATERIALS AND METHODS
Our study was performed in full accordance
with the Guidelines for Animal Care and was officially approved by the Ethics in Animal Research
Committee of the Adnan Menderes University
(ADU-HADYEK 64583101/2015/018).
Animals and Experimental Design. 4-5
month old female Wistar rats were obtained from
Experimental Animal Center of Adnan Menderes
University (ADU) and all experiments were performed according to the principles and guidelines
of ADU Animal Ethical Committee’s approval
(ADU-HADYEK 64583101/2015/018). Anaesthesia was induced by a single intraperitoneal injection
of ketamine and xylasine (50 mg/kg and 5 mg/kg,

Histopathology. Histopathologic evaluation
has been done by an experienced patholog. The
trachea and lung tissues that were fixed in 10%
formalin for 24 hrs were embedded in paraffin.
7LVVXHVHFWLRQVZHUHFXWDWȝPPRXQWHGRQVOLGHV
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FIGURE 1
Schematic flow of the randomisation and wastage during the course of study

FIGURE 2
A. Lymphoid cells under the surface epithelium (mild), B. Lymphoid aggregates under epithelium and
lymphoid cells attacking epithelium (severe), C. Mild desquamation of epithelium, D. Moderate desquamation of epithelium, E. Normal lung parenchyma, F. Mild increase of Type 2 pneumocyte.
stained with hematoxylin-eosin for general lung and
trachea structure. All the sections were examined
using a Nikon Eclipse Ci light microscope.
Chronic inflammation of airway, bronchial
smooth muscle hypertrophia and lymphoid follicle
formation, bronchial edema, type 2 pneumocyte
hyperplasia and desquamation of tracheal
epithelium signs were evaluated histopathologically.

Scoring forhistological findings: Chronic
infammation of trachea: Normal (Score 0 / No
effect), Scattered rare lymphoid cells under the
trachea epithelium (Score 1 / Mild),Lymphoid
aggregates under the trachea epithelium (Score 2 /
Moderate), Lymphoid cells attacking the trachea
epithelium (Score 3 / Severe) (Figure 2A, B)
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FIGURE 3
A. Inflammation of trachea, B. Desquamation of tracheobronchial epithelia, C. Peribronchial smooth
muscle hypertrophy, D. Peribronchial lymphoid follicles, E. Type 2 Pneumocyte hyperplasia.
was measured. Activity was calculated from the
change in absorbance and finally expressed as
k/mg-protein [k: rate constant of the first order
reaction as defined by Aebi].

Desquamation of tracheal epithelium:
Normal (Score 0), desquamation less than 1/3 of
epithelium (Score 1), desquamation 1/3 to 2/3 of
epithelium (Score 2), desquamation more than 2/3
of epithelium (Score 3) (Figure 2C, D)

Superoxide dismutase activity (SOD). The
method described by Sun et al. which is modified
by Durak et al. was used to determine the total (CuZn and Mn) SOD activity [20, 21]. One unit of
SOD was defined as the amount of enzyme causing
50% inhibition in the nitro blue tetrazolium (NBT)
reduction rate. Results have been expressed in units
per g protein.

Bronchial edema: Normal (Score 0), less
than 1/3 of bronchial wall affected (Score 1), 1/3 to
2/3 of bronchial wall
affected (Score 2), more than 2/3 of bronchial wall
affected (Score 3)
Bronchial smooth muscle hypertrophia and
lymphoid follicle formation: Normal (Score 0),
less than 1/3 of bronchial wall affected (Score 1),
1/3 to 2/3 of broncial wall affected (Score 2), more
than 2/3 of broncial wall affected (Score 3)

Glutathione peroxidase (GSH-Px). The
method of Paglia and Valentine was used to measure GSH-Px activity [22]. We added H2O2 to the
reaction mixture to initiate enzymatic reaction.
Reaction mixture was containing reduced glutathione, glutathione reductase and reduced nicotinamide adenine dinucleotide phosphate. Spectrophotometer was used to monitor the change in the absorbance at 340 nm. One unit of GSH-Px is defined
as micromoles of NADPH oxidized per minute.
Activity was given in units per g protein.

Type 2 pneumocyte hyperplasia at lung
parenchyme: Normal (Score 0), less than 1/3 of
lung parenchyma affected (Score 1), 1/3 to 2/3 of
lung paranchyma affected (Score 2), more than 2/3
of lung paranchyma affected (Score 3) (Figure 2E,
F)
Biochemical Analyses. After sacrificing, lung
tissues were dissected out in ice and frozen immediately at -80 °C for biochemical analyses. The
tissues were homogenized in ice-cold phosphatebuffered saline at pH 7.4 (10 % w/v) and centrifuged at 10.000 x g for 15 min at 4°C. After that for
the purpose of analysis, supernatants were removed.
Protein content of samples was determined by
Bradford method using bovine serum albumin as
standard [18].

Malondialdehyde (MDA). The double
heating method of Draper and Hadley (1990) was
used to measure MDA levels in the tissue
homogenate [23]. The method is based on
spectrophotometric measurement of the end product
of lipid peroxidation with thiobarbituric acid at
532 nm. The calibration curve was constructed by
using commercially available MDA equivalents
(1,1,3,3-tetramethoxypropane,
Lot
no,
MKBP9901V, Sigma-Aldrich) and MDA results
were expressed as nmol/g-protein.

Catalase Activity (CAT). To estimeate the
catalase activity, the method of Aebi was used [19].
The decomposition of the substrate H2O2 was monitored spectrophotometrically at 240 nm (Schimadzu
UV 1601, Japan). The decrease in the absorbance

Statistical analysis. Data were analyzed with
SPSS (Version 22.0, SPSS Inc., Chicago, IL, USA;
license, University of Hitit, Turkey). Descriptive
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statistics with a normal distribution are presented as
mean ± standard deviation and nominal variables
are presented as number of cases and percentage
(%). Kolmogorov–Smirnov and Shapiro-Wilk
normality tests were used to evaluate the
distributions of the groups. Levene's test was used
to evaluate the homogeneity of variance. The
significances of the difference between more than
two groups were evaluated by using KruskalWallisTest since data were not normally
distributed. In order to determine which groups
differ, post-hoc tests were used. The Spearman
rank-order correlation coefficient, kendall tau-c and
Goodman-Kruskal Gamma was used to calculate
correlation between two ordinal variables. P value
<0.05 was considered statistically significant.

more common than OVX group (5 out of 10 rats).
When peribronchial smooth muscle hypertrophy
ZDV HYDOXDWHG  RXW RI  UDWV LQ 29;'9ø7
group, and 4 out of 9 rats in OVX and OVX+FO
groups were affected (Table 3).
The findings of tracheal epithelial desquamation, peribronchial smooth muscle hypertrophy,
increase in peribronchial lymphoid follicles and
increase in type 2 pneumocytes were completely
same in OVX+E and sham groups, no response was
detected. These parameters had varying responses
in all the other groups (OVX, OVX+FO,
29;'9ø7  2QO\ LQ WKe OVX+FO group, no
increase in type 2 pneumocytes were observed just
as the sham group and the OVX+E group (Table 3)
(Figure 3A - E).
MDA, CAT, GSH-Px, SOD levels were studied in tissue homogenates. Significant difference
was found between the MDA levels of the sham
group and the MDA levels of the OVX and
OVX+E groups. When the OVX group were compared with the other groups, the MDA levels in
OVX+Dvit, OVX+E and OVX+FO groups were
found to be significantly lower. MDAwas found
significantly lower at OVX+E than OVX+Dvit
group (Table 4).
Catalase levels were found to be higher in all
other groups than the OVX group (sham,
OVX+FO, OVX+Dvit, OVX+E). GSH-Px levels
were found to be significantly lower in all groups
compared to the sham group. GSH-Px levels in the
OVX+Dvit group was significantly higher than the
OVX group. SOD levels were assessed. Only the
OVX group had significantly reduced SOD levels
compared to the sham group.
It can be seen on Table 4 that, statistically
significant difference was found between the results
in all groups (p<0.05). The results of the post-hoc
analyses can be seen in the Table 4 (p<0.05).

RESULTS
Distribution of rats according to the study
groups are shown in Table 1.
Most frequent histopathologic changes seen at
rats were tracheal inflammation, bronchial smooth
muscle hypertrophy and lymphoid follicle
formation (Table 2).
TABLE 1
Number of rats for the study groups

Sham
OVX
OVX+FO
OVX+Dvit
OVX+E
Total

Histopathology

Homogenisation

Frequency (n)

Frequency (n)

7
9
9
10
9

7
8
10
9
10

44

44
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The findings in the study groups were
classified according to sham group; assuming that
no histopathological change occurred in this group.
Tracheal inflammation was found to be associated
with all the other variables in inter-group
correlation. It was detected to be low in OVX+FO
and OVX+E groups (3 out of 9 rats) (Table 3).
These were the closest values to the sham group.
7UDFKHDO LQIODPPDWLRQ LQ 29;'9ø7 JURXS ZDV

DISCUSSION
To the best of our knowledge, this is the first
study to demonstrate the beneficial effects of
exercise, vitamin D and fish oil administration
orally, after ovariectomy induced oxidative stress in
rat lungs.

TABLE 2
Overall changes seen at whole sampling

No change
Mild
Moderate
Severe
Total

Tracheal
inflammation
Frequency
(Percent)

Epithelial
desquamation
Frequency
(Percent)

29 (65,9)
7 (15,9)
5 (11,4)
3 (6,8)
44 (100,0)

38 (86,4)
5 (11,4)
0 (0)
1 (2,3)
44 (100,0)

Peribronchial
smooth m.
hypertrophy
Frequency
(Percent)
30 (68,2)
7 (15,9)
5 (11,4)
2 (4,5)
44 (100,0)
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Peribronchial
lymphoid
follicles
Frequency
(Percent)
31 (70,5)
5 (11,4)
5 (11,4)
3 (6,8)
44 (100,0)

Type 2
pneumocyte
hyperplasia
Frequency
(Percent)
40 (90,9)
3 (6,8)
1 (2,3)
0 (0)
44 (100,0)
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TABLE 3
Cross tables for histopathologic changes according to the groups

Tracheal
inflammation
Epithelial
desquamation
Peribronchial
smooth m.
hypertrophy
Peribronchial
lymphoid
follicles
Type 2
pneumocyte
hyperplasia

No effect
Mild
Moderate
Severe
No effect
Mild
Moderate
Severe
No effect
Mild
Moderate
Severe
No effect
Mild
Moderate
Severe
No effect
Mild
Moderate
Severe

Sham
7
0
0
0
7
0
0
0
7
0
0
0
7
0
0
0
7
0
0
0

OVX
5
3
1
0
7
2
0
0
5
2
2
0
6
0
2
1
7
1
1
0

OVX+FO
6
0
1
2
6
3
0
0
5
4
0
0
5
4
0
0
9
0
0
0

OVX+Dvit
5
2
2
1
9
0
0
1
4
1
3
2
4
1
3
2
8
2
0
0

OVX+E
6
2
1
0
9
0
0
0
9
0
0
0
9
0
0
0
9
0
0
0

TABLE 4
Oxidative stress parameters detected in tissue homogenization

MDA
(nmol/mgprotein)

CAT
(k/mgprotein)

GSH-Px
(U/gprotein)

SOD
(U/mg
protein)

Group

N

Mean

Std.
Deviation

Std. Error

Median

Sham
OVX
OVX+VitD
OVX+E
OVX+FO
Total
Sham
OVX
OVX+VitD
OVX+E
OVX+FO
Total
Sham
OVX
OVX+VitD
OVX+E
OVX+FO
Total
Sham
OVX
OVX+VitD
OVX+E
OVX+FO
Total

7
8
9
10
10
44
7
8
9
10
10
44
7
8
9
10
10
44
7
8
9
10
10
44

1,0443
1,4988
1,0544
1,2860
1,0990
1,1964
,1943
,1238
,1756
,1780
,1860
,1720
387,1100
262,6213
312,6089
299,4770
308,5540
311,4666
9,1686
6,4325
7,4367
7,7900
7,7540
7,6820

,17747
,20280
,16771
,18940
,20674
,24868
,02225
,02326
,03644
,03615
,07306
,04864
46,69643
19,55337
32,39914
41,06280
45,29637
52,48987
2,03596
,94633
1,05352
1,01937
1,67860
1,55069

,06708
,07170
,05590
,05989
,06538
,03749
,00841
,00822
,01215
,01143
,02310
,00733
17,64959
6,91316
10,79971
12,98520
14,32397
7,91315
,76952
,33458
,35117
,32235
,53082
,23378

1,080
1,415
1,110
1,320
1,005
1,195
0,200
0,115
0,180
0,190
0,165
0,170
383,980
264,280
301,970
296,515
294,300
296,890
9,890
6,175
7,860
7,660
7,115
7,505

Oxidative stress which is caused by the
overproduction of free radicals, such as reactive
oxygen species (ROS) that cannot be destroyed by
the antioxidant defense mechanisms of the body is
an integral part of the aging process. In a normally

P
Kruskal- Wallis
and post-hoc test
0.000*<0.001
Sham-OVX
(0.006)
OVX-OVX+VitD
(0.004)
OVX-OVX+FO
(0.005)
0.009**<0.01
OVX-OVX+E
(0.042)
Sham-OVX
(0.007)
0.000*<0.001
Sham-OVX
(0.000)
Sham- OVX+E
(0.038)

0.035***<0.05
Sham-OVX
(0.019)

functioning organism, antioxidants neutralize ROS
and prevent over exposure to oxidative stress[24,
25].
Increased lipid peroxidation biomarkers have
shown in rats [26] and humans [27, 28] during
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several conditions at several studies. Increased ROS
production is associated both with postmenopause
and with acute exercise [26-28].
Malondialdehyde (MDA) is a kind of
aldehyde. It is produced by free radical- mediated
reactions. MDA is a lipid peroxidation marker [29,
30].
Reduction in estrogen increases oxidative
VWUHVVLQWKHERG\0DORQGLDOGHK\GHDSURဩR[LGDQW
biomarker, was found to be higher in serum of
postmonopausal women compared to premenopausal women [31]. This increase in pro-oxidant
markers indicates increased oxidative stress in
postmenopausal period [31, 32].
An oxidative status could arise during
estrogen deficiency. It is a result of higher ROS
generation or decreased function of antioxidant
systems [33].
Antioxidant enzymes produced by the aerobic
organisms neutralize the destructive effects caused
by ROS. By this way, oxidative cellular metabolism
becomes possible. Catalase, superoxide dismutase
and glutathione peroxidase are three of these
antioxidant enzymes. Catalase is a well-known
enzyme to battle H2O2 [34, 35].
The superoxide dismutase family especially
used in eliminating superoxide anion radicals is
derived from extracellular stimulants. As the
ionizing radiation and oxidative insults, oxygen
metabolism products produced in the mitochondrial
mastrix also produce superoxide anion radicals
[36].
In an aging body, antioxidant levels decline.
At the same time, estrogen level decreases with the
menopause. As a combined effect, oxidative stress
increases [37, 38].
In our study, MDA
levelswere found
significantly higher at OVX and OVX+E groups
than sham group. Catalase levels were decreased at
OVX group. OVX group had significantly reduced
SOD levels compared to the sham group. Our
results confirm that there is increased oxidative
stress at tissue level for lungs after menopause.
Exercise modulates oxidative stress levels by
various mechanisms. After acute aerobic and
anaerobic exercise, transient increase in ROS levels
have been shown in some studies. However, it is
thought that increased oxidative stress can be
functioning as a signal for the activation of
antioxidant defense mechanisms and consequently
the free radicals can be reduced [39, 40].
Oxidant production and free radical leakage
contribute to high levels of oxidative stress during
menopause.
Exercise training provides a reduction at
production of basal oxidant and free oxygen
radicals[41].
In our study, MDA levels of OVX+E group
were found to be significantly lower than OVX
group. Catalase levels were found to be higher in
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OVX+E group than the OVX group. According to
our results, exercise decreased oxidative stress
burden at lungs after menopause.
The anti-inflammatory effects of vitamin D on
the immune system have been shown at several
research [41, 42], but research concerning the
effects of vitamin D on the human bronchial
epithelium are limited.
Hansdottir et al found that vitamin D
decreased pro-inflammatory cytocine production by
virally infected primary human bronchial epithelial
cells [43].
In the literature, there are several studies
showing the protective effects of vitamin D against
the oxidative stress. . Vitamin D can protect various
other types of epithelial cells like H2O2-treated
prostatic and breast epithelial cells [44, 45] and
CoCl2-treated trophoblasts [46] from oxidative
stress in vitro.
In our study, MDA level of OVX+Dvit group
was found to be significantly lower than OVX
group and OVX+E group; and no significant difference was found between sham and OVX-Dvit
groups MDA levels. Catalase levels were found to
be higher in OVX+Dvit group than the OVX group.
GSH-Px level in the OVX+Dvit group was lower
than sham group; however it was significantly
higher than the OVX group. According to these
findings, it can be thought that vitamin D was found
to be protective against oxidative stress at lung
tissue after menopause which is compatible with
the literature; moreover vitamin D supplementation
is more successful than exercise to decrease the
oxidative stress at lungs.
The studies concerning the effects of fish oil
supplementation on oxidant–antioxidant status in
both animals and humans have conflicting results.
When assessed by plasma TBARS (thiobarbiturate
reactive species) concentrations after the consumption of fish oil, a small but statistically significant
increase in on oxidative stress was found [47]; but
no increase in lipid peroxidation was found when it
was evaluated by plasma F(2)-isoprostanes and
MDA [48].
Erdogan et al. found omega-3 fatty acids to
decrease lipid peroxidation and increase activity of
SOD in their study. With that information, they
concluded that,diet rich in omega 3 lead to the increased resistance to lipid peroxidation and increased plasma total antioxidant capability [49].
Demoz et al. [50] showed that enriched diet
with Eicosapentaenoicacid (EPA) (fish oil) provided increased antioxidant defence by increasing
hepatic antioxidant enzyme activities and decreasing hepatic lipid peroxide concentrations.
In our study, MDA levels of OVX+FO group
was found to be significantly lower than OVX
group; and no significant difference was found
between MDA levels of sham and OVX+FO
groups. Catalase levels were found to be higher in
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OVX+FO group than the OVX group. Acoording to
these findings, fish oil was found to be protective
against oxidative stress at lung tissue after menopause which is compatible with the literature.
According to the histological investigation,
none of the following findings such as epithelial
desquamation, peribronchial smooth muscle
hypertrophy, peribronchial lymphoid follicles, Type
2 pneumocyte hyperplasia have been found in
OVX+E group. The most useful modality for
neutralizing the histopathological effects of
menopause at tissue level can be considered as
exercise.
In our study, the rate of tracheal inflammation
was 50%, 44.4%, 33.3%and 33.3% in OVX + Dvit,
OVX, OVX+FO and OVX+E groups respectively.
There are conflicting data about the
inflammation of airways and asthma severity during
postmenopausal state in the absence of sex
hormones.
In the study by Ravelo et al, 80% of 30
asthmatic premenopausal women had some
abnormalities in the levels of at least one of the
steroid hormones (estrogen, progesterone or
cortisol) while this rate was 7% in the nonasthmatic group [51].
In the prospective cohort study conducted on
64,200 American women ranging between 34-68
years, over a period of 10 years; Troisi et al found
that premenopausal women were more likely to
develop asthma than the postmenopausal women
age-adjusted relative risk 0.65, CI 0.46-0.92) [52].
So, it can be concluded that HRT and sex hormones
predisposes to the development of asthma; so the
inflammation at respiratory airways.
In their observational study Kos-Kudla et al
reported, the need for oral glucocorticoid therapy
decreased
after
initiation
of
HRT
in
postmenopausal asthmatic patients [53]. Carlson et
al found FEV1 values were significantly higher in
the postmenopausal women who were on HRT as
compared to non-current users [54].
Plenty of evidence suggests that vitamin D
acts on immune system cells and also on structural
cells of airways. Vitamin D deficiency promotes
inflammation and vitamin D supplementation
reduces inflammation [55-59].
We found that vitamin D is a factor that
decreases oxidative stress at lungs; however,
tracheal inflammation has been found increased at
OVX+Dvit group. Inflamatory findings of
OVX+Dvit group and OVX groups were similar.
According to these findings, it’s not clear whether
the cause of increased inflammation was vitamin D
deficiency or ovariactomy. Further studies focused
on the effects of vitamin D at post menopausal
lungs are needed to explain this contradictory
findings.
Finally; postmenopause in rats may cause
respiratory system effects. But its damage on lungs
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varies according to other factors. It means
menopause cause oxidative stress; however,
exercise, vitamin D and fish oil have protective
effects against oxidative stress at different
quantities. OVX group compared to other groups
has the greatest damage. Exercise is the best
protective modality against the effects of
menopause at respiratory system.
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premises of ecology preservation and environment
improvement to strengthen the economic and social
development [1]. Since 2013, the Chinese government has issued a set of action plans catered toward
ecological civilization construction. Since ecocivilization construction has been written into the
Constitution of the People's Republic of China, ecocivilization construction is a long-term and national
task [2-4].
The report of the 18th National Congress of
the Communist Party of China discussed the ecological civilization for the first time, and integrated
the construction of ecological civilization into the
overall layout of building socialism with Chinese
characteristics, elevated to a higher strategic level,
highlighting its important position, and embodies
the consciousness of China's ecological civilization
construction. Strengthening, the understanding of
the law of socialist construction with Chinese characteristics has reached new heights [5]. The construction of ecological civilization is the essential
requirement and rational choice for building socialism with Chinese characteristics. In the overall
layout of the "five in one", the construction of ecological civilization is the premise. Without it, other
constructions will lose their natural carriers and
ecological environment [6-8].
The adoption of the 2030 Agenda for Sustainable Development and the signing of the Paris
Agreement mark the beginning of a new era in
human history toward a sustainable society. China
has taken new, bold actions to realize its sustainability goals. These new actions are developed and
implemented under the overarching framework of
ecological civilization (eco-civilization). Different
from other national sustainability strategies that
China has adopted in the past, eco-civilization takes
a more comprehensive approach, integrating not
only economic, social, and ecological (or environmental)—the traditional three pillars of sustainability—but also political and cultural systems of the
nation. In particular, government administrative
system reform has been implemented as a key part
of the eco-civilization package [9-11].
Green development is a mode of economic
growth and social development that aims at efficiency, harmony, and sustainability. It is also an
environmentally friendly development model built
on the constraints of ecological environment ca-

ABSTRACT
The goal of establishing an ecological civilization focuses on directing socioeconomic development to balance the ecological, economic, social,
cultural, and political dimensions of change. This
approach emphasizes harmony between humans
and nature during development by balancing socioeconomic and environmental considerations. The
pathways to achieve the ecological civilization
targets include the development of low-carbon,
green and recycling systems, resource conservation,
and environmental protection. The green development of ecological civilization was exploited. In
response to the increasingly serious ecological and
environmental crisis, China has upgraded its national strategy from environmental protection to
ecological civilization. China has carried out comprehensive publicity and education on ecological
civilization. Many universities also arrange ecological civilization courses for students, or infuse ecological civilization into traditional courses. This
paper investigates Chinese university students’
ideological and political education cognition and
behavior of ecological civilization. Based on the
15000 questionnaires of 200 universities and using
the regression model. The results that university
students with the latter cognition show a stronger
willingness to implement ecological civilization
behavior. This result reveals the role of China’s
political publicity on ecological civilization in
terms of influencing its citizens’ behavior. The
quality of the ecology and environment is valued in
the development of China eco-civilization. This
study provides valuable knowledge for both the
ecological and environment management and ecocivilization construction.
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INTRODUCTION
Eco-civilization construction was introduced
by the Chinese government in the edition on the
sustainable development of China, which is on the
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pacity and resource carrying capacity. Green development not only refers to economic development,
but also includes the political expansion of economic expansion, green development concepts that
restrict human behavior, environmental protection,
and renewable and sustainable development of
resources. The concept of green development is
different from the traditional development method,
but a sustainable development method, which involves all aspects of China's development in all
fields [12]. General Secretary Xi Jinping pointed
out in the report of the 19th National Congress of
the Communist Party of China, "Development is
the foundation and key to solving all problems in
our country. Development must be scientific development, and we must firmly implement the innovative, coordinated, green, open and shared development concept. Therefore, green development must
also be a scientific development, a development
that conforms to historical trends and natural laws.
Green development is not a one-way development,
but a concept and means of solving crises, foreseeing crises and preventing crises among people,
between people and society, between people and
nature. Green development and ecological civilization construction complement each other, and both
emphasize the harmonious unity and development
of people and people, people and society, and people and nature. Green development has become a
new concept and new way to lead the construction
of ecological civilization in a socialist society with
Chinese characteristics in the new era.
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ment is the core principle of ecological civilization
construction. In order to realize the harmonious
coexistence of man and nature and the sustainable
development of human society, it is necessary to
protect the ecological environment, make reasonable use of natural resources, and follow the laws of
nature and economy, and adhere to the sustainable
development of economy and nature. The principle
of sustainable development attaches importance to
energy conservation and waste reduction, as well as
the transformation of traditional production, living
and consumption methods, and the implementation
of clean production and ecological civilization
consumption. Adhere to the principle of sustainable
development, improve the utilization of resources
and energy through technological innovation, and
increase ecological capital. At the same time, sustainable development is based on the protection of
the ecological environment. While developing the
economy, it pays more attention to ecological and
environmental protection, including protecting the
ecosystem, controlling environmental pollution,
improving environmental quality, ensuring the
sustainable use of natural resources, and controlling
the development of the human economy (Fig.1).
Within the range of the earth's carrying capacity.

MATERIALS AND METHODS
First, the literature analysis method. This
article reviews and summarizes the domestic and
international research status of related studies on
ecological civilization construction and green development through the use of literature analysis,
and analyzes the problems and deficiencies in the
research.
FIGURE 1
Statistical analysis of data

Second, systematic analysis. This article uses
systematic analysis to analyze and study green
development from the perspective of ecological
civilization construction. In view of the main problems in the development of green development in
my country, it proposes corresponding countermeasures and suggestions, and adheres to the method of combining theory with actual and specific
problems.

Second, the principle of equality and justice. The principle of equality and fairness refers to
the proper distribution of ecological benefits and
burdens. Both contemporary and future generations
should have the same ecological rights. Ecological
rights refer to citizens' rights to survive and utilize
environmental resources for a long time without
being polluted and destroyed. The citizen's ecological right is not a general right of survival, it focuses
on the harmonious development of man and nature
and the sustainable development of mankind. Establishing and safeguarding ecological rights is the
need of socialist justice. The ecological environment and natural resources belong to everyone who

RESULTS AND DISCUSSION
Principles of ecological civilization construction. First, the principle of sustainable development. The principle of sustainable develop-
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lives on earth. Of course, according to the principle
of corresponding rights and obligations, everyone
has the obligation to protect and improve the environment. Ecological equality includes equality
between man and land, intra-generational equality
and inter-generational equality. Equality between
man and land is to abandon anthropocentrism and
make man and nature coexist on an equal footing.
Humans consciously control their behaviors, reasonably control the degree of utilization and transformation of nature, maintain the harmony and
stability of the ecological environment, and maintain biological diversity. Intra-generational equality
means that contemporary people must have equal
opportunities when using natural resources to satisfy their own interests. The development of any
country or region cannot be at the expense of the
development of other countries or regions. Intergenerational equality means that contemporary
people and future generations share the earth’s
resources and ecological environment. The essence
is that the use of environmental resources by contemporary people cannot hinder and overdraw the
use of environmental resources by future generations, and establish the reasonableness of limited
resources between different generations. Distribution and compensation mechanism.
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creasingly severe ecological environment. The
construction of ecological civilization requires the
adjustment of economic development methods, the
formation of resource-saving and environmentfriendly growth and consumption methods, thereby
improving my country's increasingly severe ecological environment. The increasingly serious ecological problems and the worsening ecological environment have forced my country to adopt a circular
economy development model and conserve natural
resources. With the continuous expansion of the
scope of urbanization and industrialization in China, the construction of ecological civilization will
inevitably enable China to coordinate the relationship between man and nature while developing
economic construction, so as to solve China’s development problems, ease existing social and economic contradictions, and improve our country.
Ecological environment.
Second, the construction of ecological civilization is an inevitable requirement for the comprehensive construction of a well-off society. In building a well-off society in an all-round way, there are
always two major bottlenecks: resource shortage
and ecological environment capacity limitation. If
we continue to develop along the way of extensive
growth, resources will be unsustainable, environment will be difficult to carry, and the goal of
building a well-off society in an all-round way will
be difficult to accomplish. The core of the concept
of ecological civilization is the harmonious coexistence between man and nature, and man and society.
A good ecological environment itself is the basic
element for a comprehensive well-off society.
Through the construction of ecological civilization,
while realizing the interests of contemporary people, try to leave more space for restoration of nature, and leave a beautiful home with blue sky,
green land and clean water for future generations.
Therefore, in the process of building a well-off
society in an all-round way, we must vigorously
promote the construction of ecological civilization
based on the carrying capacity of resources and the
environment.
Third, the construction of ecological civilization is a guarantee for effective protection of nature
and sustainable development of society. Build a
beautiful China, achieve harmony between man and
nature, embody the concept and actions of ecological civilization that respects nature, conforms to
nature, and cares for nature in actual work and life,
gives nature time and space for rest and relaxation,
and establishes a harmonious coexistence with
nature relationship. As pointed out in the report of
the 18th National Congress of the Communist Party
of China, it is necessary to control the development
intensity, adjust the spatial structure, and promote
the intensive and efficient production space in accordance with the principle of coordination of population, resources, and environment, and unification

Third, adhere to the principle of overall
consideration. As the process of economic globalization accelerates, the destiny of all mankind begins
to become more and more closely linked. Ecological problems have no national boundaries, and no
country can solve the ecological crisis facing humanity alone. This requires other countries to take
corresponding actions to jointly solve ecological
problems. The key to adhering to the principle of
overall consideration in the construction of ecological civilization lies in coordinating the two domestic and international situations, focusing on the
whole, strengthening strategic thinking, and being
good at grasping new development opportunities
from the development and changes of the international situation, jointly coping with the ecological
environment crisis, and creating a good international The environment, so that human beings as an
organic whole face the ecological problems together. Therefore, in the process of ecological civilization construction, we should adhere to the principle
of overall consideration and jointly address the
challenges of the global ecological crisis.
The significance of ecological civilization
construction. The construction of ecological civilization is a common cause of all countries and regions in the world. The construction of ecological
civilization in China has particularly great practical
significance and far-reaching strategic significance.
First, the construction of ecological civilization is conducive to improving my country's in-
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(f)
FIGURE 2
Photographic examples of some ecological civilization in China
of economic, social, and ecological benefits (Fig.2).
Moderately, only in this way "build a beautiful
China and achieve sustainable development" can
we turn from wish into reality.

green development in the perspective of ecological
civilization construction should also be based on
these get started.
Transform government functions and
strengthen supervision. The construction of ecological civilization requires the government and
relevant authorities to formulate policies, and green
development in the context of ecological civilization construction also requires the government to
lead, transform government functions, and
strengthen supervision. Good ecology, fairness and
justice, and happiness of people's livelihood are the
common pursuit of human society, an important
yardstick for the progress of social civilization, and
an objective requirement for China to build a so-

Countermeasures of Green Development
from the Perspective of Ecological Civilization
Construction. Building an ecological civilization is
not only an effective means of preventing and curing the ecological environment, but also a major
measure to promote environmental friendliness and
social harmony. It is an arduous and great project
that requires coordinated operation from the aspects
of policy, law, science and technology, culture,
education, etc., as well as the joint participation of
the whole society, and the countermeasures for
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cialist harmonious society. contradiction. Does the
government have a clear and firm concept of green
development, governing for the people, has it formulated and implemented laws, systems, and policies that promote green development and maintain
fairness and justice, and does it have the knowledge
and ability to promote green development and serve
the people wholeheartedly? It is a necessary condition for improving the modern government's green
services and guaranteeing the level of fairness and
justice.
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domly conduct random checks on products in supermarkets and markets, and publish the inspection
results to the public, so that consumers can give up
those products that do not meet the green standards,
completely eliminate the fluke of enterprises that
deceive consumers, and expand the scope of market
supervision, In addition to covering large and medium-sized cities, we must gradually expand to
small and medium-sized cities. For those cottage
products that illegally use, embezzle green signs,
and imitate green product packaging, we must increase penalties, effectively protect the good reputation of green products, and eliminate people’s
purchases. Concerns about green products, so that
consumers can use green products with confidence.
Improve green product standards and strengthen
green certification. my country should increase the
construction of green product certification systems
and certification institutions, drawing on ISO’s
environmental management standards, environmental audit standards, environmental labeling standards, environmental behavior standards, and product life cycle evaluation standards. Strengthen exchanges and cooperation with international authoritative certification bodies to create a fair and reasonable environment for a green market competition.

Improve the system of green laws, regulations and policies. The construction of ecological
civilization needs to establish relevant laws and
regulations to carry out hard constraints and regulations, and provide a strong guarantee for ecological
civilization. Green development in the perspective
of ecological civilization construction also needs to
establish a sound and complete system of green
development laws, regulations and policies, so that
green development can Policy, practice, and technology can all be effectively guided, encouraged,
constrained, and supported. Laws and regulations
on energy conservation and environmental protection should be formulated from all levels to form a
complete legal protection system for green development. One is to promote the reform of resource
product prices through fiscal, tax and price leverage
policies to achieve the goal of energy conservation
and emission reduction, strengthen the financial
investment in green basic scientific research, and
also study the introduction of environmental taxes
to reduce or exempt energy conservation and emission reductions; The second is to improve the market incentive mechanism, regulate and regulate the
behavior of economic subjects, and use economic
and legal means to promote enterprises to assume
the responsibility and obligation to prevent pollution and protect the environment; the third is to
strengthen the green supervision system. Strengthen
regulatory measures and eliminate the exit mechanism, seriously investigate and deal with counterfeit
and shoddy products, and promote the improvement
of product quality and safety; fourth, promote green
development through the development of industry
regulations and technical standards, formulate
standards and regulations for energy conservation
and emission reduction, and strengthen green laws
and regulations on production, green consumption
and recycling of resources.

Enhance the enterprise's green technology
innovation capability. Green technological innovation meets the basic requirements of ecological
civilization construction and embodies the value
orientation of ecological civilization construction.
In the practice of green technology innovation, it
should be guided by the concept of ecological civilization, save resources, protect the environment,
respect nature, change the traditional production
and lifestyle that is easy to destroy and pollute the
environment, and research and develop green technologies that are conducive to environmental protection. Green technology innovation can maximize
the use of non-renewable resources for production,
maximize the utilization of resources and energy, so
as to minimize the pollution of the ecological environment and waste emissions, green technology
innovation to reduce ecological damage and Environmental pollution makes green development less
dependent on the earth’s limited resources and
more coordinated with the earth’s carrying capacity, thereby accelerating the process of green development. Therefore, to improve my country's green
development capability, it is necessary to improve
the green technology innovation capability of enterprises. In order to open up the industrial situation
of my country's green development, encourage
enterprises that consume large amounts of energy
and materials to carry out green technology innovation, produce green products, and form a green
industry system as soon as possible, the government
should take various effective incentive measures to

Regulate my country's green market order.
Strictly implement the company's annual inspection
system, inspect, supervise, evaluate and evaluate
the production process, quality of terminal products
and the use of green marks of all enterprises that
have obtained the right to use the green mark, and
rectify or cancel the green mark qualification for
the unqualified products within a time limit , Ran-

11379

© by PSP

Volume 29 – No. 12A/2020 pages 11374-11381

encourage enterprises to carry out green technology
innovation. Enterprises should promote green technology innovation by strengthening industryuniversity-research cooperation. Through industryuniversity-research cooperation, they can achieve
complementary advantages and mobilize the enthusiasm and creativity of enterprises. To strengthen
green technology research and development, actively develop resource-saving new products, new
processes and new energy that can replace traditional technologies. We should accelerate the innovation of traditional technologies, carry out green
technological transformation of traditional industries, and promote the green development of industries.
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environment, and make green consumption awareness popular among the people. Vigorously promote resource conservation, reasonable and appropriate consumption.

CONCLUSIONS
This result reveals the role of China’s political
publicity on ecological civilization in terms of influencing its citizens’ behavior. The quality of the
ecology and environment is valued in the development of China eco-civilization. Ecological civilization is a national development strategy and essential
for building Beautiful China. Therefore, research in
ecological civilization should eliminate regional
disparities and promote a common development
strategy, nationwide. This study provides valuable
knowledge for both the ecological and environment
management and eco-civilization construction.

Cultivate citizens' awareness of green consumption. The construction of ecological civilization promotes the concept of green consumption
and conducts reasonable and reasonable consumption, and green development in the perspective of
the construction of ecological civilization also
needs to cultivate citizens' awareness of green consumption. First of all, it is necessary to raise the
awareness of citizens on environmental protection,
to carry out publicity and education on ecological
and environmental protection through the media, to
promote the significance of green consumption, to
play an active role of non-governmental organizations, to call on the public to pay attention to green
consumption, vigorously advocate green consumption, and make the public aware Regarding the
importance of green consumption, establish the
public's awareness of green consumption, stimulate
people's enthusiasm for green consumption, so that
people take the initiative to buy green products.
Secondly, it is necessary to strengthen the general
education on the knowledge of green products,
popularize the knowledge of citizens on green
products, improve people's identification of green
products, and improve citizens' awareness of green
products, so that consumers can identify counterfeit
and shoddy products Green products eventually
make the public consciously agree with green products. Thirdly, citizens’ awareness of green consumption participation should be cultivated, people
should be encouraged to actively participate in
activities related to green consumption, and they
should actively purchase green products. Citizens
should also be called on to actively participate in
activities of ecological environmental protection
and resource conservation, so that citizens can
participate consciously Green consumption activities, to actively achieve green consumption. We
must proceed from long-term interests, achieve
sustainable consumption, adhere to the protection,
conservation and rational use of resources, effectively change people’s consumption concepts, raise
citizens’ awareness of green consumption, create a
healthy and environmentally friendly consumption
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(ROS), inhibition of photosynthesis and transpiration [4, 5] and disturbance of membrane structure integrity [6]. Moreover, if Cd is allowed to accumulate
in edible parts of crops which may cause severe adverse effects on human health through food chains [7,
8].
Extensive studies have revealed that Cd is responsible for oxidative stress in plants through the
generation of ROS which are able to react with lipids,
proteins and pigments, resulting in membrane damage and enzyme inactivation [9]. To survive such oxidative damage, plants have developed various
mechanisms (i.e. external exclusion and internal tolerance) to increase their tolerance and survival under
such extreme environmental conditions [10, 11]. The
mechanisms of external exclusion mainly included
restriction of metal translocation to shoot edible part
and prevention of metal absorption [12, 13]. Internal
tolerance is a type of physiological response
whereby plants absorb and accumulate high concentrations of metals. There include roles for the following: enhance the activities of superoxide dismutase
(SOD), catalase (CAT) and peroxidase (POX) and
decrease the malondialdehyde (MDA) level [14, 15].
The physiological response to Cd stress may be influenced by a variety of factors, e.g. the plant species,
cultivar and soil characteristics [16, 17].
Peanut (Arachis hypogaea L.) is an important
oleaginous plant consumed throughout the world due
to its high protein and oil content [2]. In a previous
study, we found that peanut can easily absorb Cd
from contaminated soil [2, 18]. Genetic differences
in Cd uptake among peanut species were observed
[3, 9]. However, the physiological mechanisms that
are responsible for differential Cd accumulation and
tolerance among peanut cultivars are largely unknown. In the present study, to compare physiological responses to Cd stress among peanut cultivars,
we selected four peanut cultivars as experimental
plants to investigate cultivar variations in cell membrane permeability, MDA, chlorophyll content and
antioxidant enzyme activities.

ABSTRACT
Cadmium (Cd) can stress plants by affecting
various physiological functions. However, little information is available about the variation in Cd tolerance among peanut (Arachis hypogaea L.) cultivars and its underlying physiological regulation
mechanisms. In the present study, a hydroponic pot
experiment was conducted to investigate physiological changes among four peanut cultivars exposed to
0, 5,10, 20, 40, and 80 ȝmol Lí1 CdCl2. The results
showed that Cd stress significantly decreased plant
growth, leaf chlorophyll contents and increased the
malondialdehyde (MDA) content in leaves of four
peanut cultivars. Compared with related controls, exposure to 80 ȝmol/L Cd reduced root and shoot biomass by 35.7–69.2 and 18.6–62.1% for the four cultivars, respectively. Moreover, significant variations
were observed in root and shoot biomass, leaf chlorophyll contents, MDA contents as well as the antioxidant enzymes activity among peanut cultivars at
the six Cd levels. Among four peanut cultivars,
BS1106 displayed the lowest root and shoot biomass,
leaf chlorophyll contents and antioxidant enzyme activities, but the highest MDA and leave membrane
permeability. These results indicate that BS1106 are
less tolerant to Cd stress than the other three peanut
cultivars, which is probably related to bad-coordinated antioxidant defense mechanisms.

KEYWORDS:
Cadmium, Cultivar variation, Peanut, Physiological response

INTRODUCTION
Cadmium (Cd) is a toxic heavy metal that usually causes deleterious effects in living organisms
even at very low concentrations [1]. Given its high
mobility and water solubility, Cd can be easily taken
up by plant roots [2, 3]. Since Cd is a non-essential
element for plants and does not perform any physiological functions in plants. Excess Cd in plants may
cause the formation of reactive oxygen species
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0.59 (QH6). Compared to related controls, root and
shoot biomass were significantly increased at 5
ȝmol/L Cd in all cultivars. With increasing Cd from
10 to 80 ȝmol/L, root and shoot biomass significantly decreased in all cultivars. Compared with related controls, exposure to 80 ȝmol/L Cd reduced
root and shoot biomass by 35.7–69.2 and 18.6–62.1%
for the peanut four cultivars, respectively. Among
cultivars, the lowest root and shoot biomasses were
BS1016, while RH2 had the highest. Tissue biomass
have been used to evaluate metal toxicity in plants
[22].Moreover, the changed of root/shoot ratio was
consistent with that of biomass (Figure 1c). There
were Cd level × cultivar interactions on the biomass
root and shoot and root/shoot ratio, indicating that
the influence of Cd on the growth of peanut depended on cultivar [23].

MATERIALS AND METHODS
Plant material and treatments. Seeds of Baisha 1016 (BS1016), Rihua 2 (RH2), Qinghua 6 (QH6)
and Fenghua 3 (FH3) were sown in sand for 72 h at
30 °C in darkness after surface sterilization with 1%
(w/v) calcium hypochlorite for 10 min. Subsequently,
four germinating seeds with uniform size were selected and then transferred to plastic containers (11.7
× 10.7 × 9 cm) filled with Hoagland nutrient solution
containing 0, 5, 10, 20, 40 or 80 ȝmol L-1 CdCl2, respectively. Seedlings were grown in a growth chamber under a 14h light/8h dark regime at light intensity
of 800 mol mí2 sí1, with corresponding air temperatures of 35/25 °C and 70 ± 5% relative humidity. The
culture solution was replaced every 3 d. The experiments were laid out in a completely randomized design with three replicates.
After 30 days, the roots and shoots were harvested, half of the which were dried at 105 °C for 24
h to determine the dry weight. Other half of the
plants were kept in liquid nitrogen, and then stored
in freezer for one week to determine MDA, chlorophyll content, antioxidant enzyme activities and lipid
peroxidation.

Effect of Cd on chlorophyll content. The
growth retardation by Cd was found to be associated
with Cd-induced decrease in the contents of Chl a,
Chl b and total chlorophyll content [9, 24]. These
chlorophyll parameters were significantly influenced by cultivar, Cd level, and cultivar × Cd level
interaction (Figure 2A-C). The Chl a, b and total
content of the four peanut cultivars all significantly
decreased with increasing Cd level in the culture medium. Cd stress (80 ȝmol L-1 Cd) decreased the total
chlorophyll content by 35.6%, 37.7%, 44.9% and
49.8% For BS1016, FH3, QH6 and RH2, respectively. Among cultivars, the total chlorophyll content
in FH3 was highest than other three peanut cultivars.
Chlorophyll content, the key factors for photosynthesis and growth of plants, is also considered as an
important index of abiotic tolerance in plants. The
results suggested that the FH3 was more tolerant to
Cd stress than other three peanut cultivars.

Analysis and determination method. The
chlorophyll content was determined according to
Lichtenthaler and Wellburn [20]. The concentrations
of malonaldehyde (MDA) in samples were determined as suggested by Zong et al.[14]. The antioxidative enzyme activity were measured as described
by Yu et al.[12]. The cell membrane permeability
was determined using the method of Chen et al.[21].
Statistical analysis. All the experiments were
expressed as the average ± SD of three replicates.
The statistically significant differences among cultivars in the same Cd concentration were detected by
Duncan’s multiple range test (p < 0.05) using SPSS
software (version 17.0) and Excel 2010.

Effect of Cd on cell membrane permeability.
Leave membrane permeability of peanut cultivars
were measured by determining electrolyte leakage.
There were significant Cd h cultivar interactions
on leave membrane permeability. Significant differences in leave membrane permeability were observed among four peanut cultivars (Figure 3). Overall, the cell membrane permeability of leaves of five
peanut cultivars increased with the increased Cd
concentration in culture. The conductivity of the
leaking leaf solution was ranged from 2.56% (QH6)
to 3.59%(BS1106), ranged from 2.64%(QH6) to
3.71%(BS1106), ranged from 2.94%(QH6) to
4.35%(BS1106), ranged from 3.62%(QH6) to
4.89%(BS1106) and ranged from 3.83%(QH6) to
5.33%(BS1106) for the 5, 10, 20, 40, and 80 ȝmol/
L Cd treatments, respectively. Among the four cultivars tested, BS1106 showed the highest conductivity
in all Cd treatments, while the QH6 showed the lowest conductivity in all Cd treatments.

RESULTS AND DISCUSSION
Effect of Cd on root and shoot biomass. The
root and shoot biomass of peanut significantly differed among cultivars (Figure 1a, b). The shoot biomass varied from 1.62 (BS1016) to 2.70 (RH2), from
1.50 (BS1016) to 2.34 (RH2), from 1.32 (BS1016)
to 2.13 (RH2), from 1.08 (BS1016) to 1.93 (RH2),
from 0.99 (BS1016) to 1.88 (RH2) in the 5, 10, 20,
40, and 80 ȝmol/ L Cd treatments, respectively. Correspondingly, root biomass varied from 0.62
(BS1016) to 0.88 (RH2), from 0.50 (FH3) to 0.81
(QH6), from 0.37 (BS1016) to 0.72 (QH6), from
0.26 (BS1016) to 0.66 (QH6), rom 0.19 (BS1016) to
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Root / Shoot ratio
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Treatments

FIGURE 1
The shoot biomass (A), shoot biomass (B) and root/shoot ratio (C) of four peanut cultivars exposed to different levels of Cd.
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Chlorophyll a+b content

Chlorophyll a+b content

A

B

Chlorophyll a+b content

C

Treatments
FIGURE 2
Chlorophyll content of four peanut cultivars exposed to different levels of Cd
ranged from 2.50 to 3.82 ȝmol g-1 FW. The MDA
content of FH 3 is ranged from 3.15 to 4.37 ȝmol g1
FW. The increased MDA content in shoots suggested lipid peroxidation occurred in shoots treated
with Cd treatment. Moreover, MDA concentrations
in BS 1016 was highest compared to the other three
peanut cultivars (Figure 5), indicating that BS 1016
plants experienced higher oxidative damage than
other three peanut cultivars. These results suggested
that FH3, RH2 and QH6 may adopt well-coordinated
physiological regulation mechanisms under Cd
stress in comparison with BS 1016.

Effect of Cd on MDA content. Malondialdehyde (MDA) produced under stressful conditions is
a cytotoxic product of lipid peroxidation. MDA concentration is an indicator for membrane lipid oxidation. We also examined MDA concentration in
leaves of all peanut cultivars to evaluate the ability
of plants to tolerate Cd stress. As shown in Figure 4,
changes in MDA concentrations were species-specific. The MDA concentration of BS 1016 was
ranged from 3.50 to 5.33 ȝmol g-1 FW. The MDA
concentration of RH2 was ranged from 2.47 to 4.29
ȝmol g-1 FW. The MDA concentration of QH 6 was
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Leaf MDA ȝmol/g FW)

Treatments
FIGURE 3
Leaf cell membrane permeability of four peanut cultivars exposed to different levels of Cd

Treatments
FIGURE 4
MDA contents of four peanut cultivars exposed to different levels of Cd
Effect of Cd on antioxidant activity. In general, Cd toxicity was attributed to the formation of
reactive oxygen species (ROS)[25]. Antioxidative
enzymes play critical roles in detoxification of ROS
in plants exposed to Cd stress, so we examined
sevreal antioxidative enzymes (SOD, POD and CAT)
activity (Figure 5A-C). The antioxidative enzymes
activity of peanut showed obvious interspecific differences at different Cd levels. The BS1016 and RH2
had the highest SOD activity in 20 umol/L Cd treatment. Whereas FH3 and QH6 the highest SOD activity in 80 umol/L Cd treatment (Figure 5A). At the
same Cd treatment, the SOD activity in FH3 and

QH6 were higher than BS 1016 and RH 2. The
change of POD activity was consistent with that of
SOD activity in all peanut plants (Figure 5B). Cd
stress also enhanced the CAT activity in all peanut
plants. At the same Cd treatment, the CAT activity in
FH3 and QH6 were higher than BS 1016 and RH 2
(Figure 5C). FH3 and QH6 contained higher antioxidative enzyme activities, which suggested that FH3
and QH6 had higher free radical-scavenging capacities, this result may explain the lower MDA concentrations that were observed in FH3 and QH6 in the
presence of Cd (Figure 4).
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FIGURE 5
The activity of four peanut cultivars exposed to different levels of Cd
Moreover, among these peanut cultivars, BS1106
had lower activity of SOD, POD and CAT. These results indicate that the relative lower Cd tolerance in
BS1106 than other three peanut cultivars may contribute to its relative lower antioxidant enzymes activity.

CONCLUSION
Exposure to Cd inhibited four peanuts growth
and resulted in oxidative stress and lipid peroxidation. The four peanuts were variations in Cd tolerance existed among these cultivars. In comparison
with the other three peanut cultivars, the BS1106 displayed the lowest root and shoot biomass and total
chlorophyll content, and the highest MDA and leave
membrane permeability, indicating that this cultivar
was more sensitive to Cd than other three peanut cultivars under the current experimental conditions.
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will settle down after entering Dongting Lake. In addition, due to the weak alkalinity of Dongting Lake
water, there are less metals that are easy to dissolve
in water. Yuan water, Li water and capital water connected with Dongting Lake also enter Dongting Lake
in the same way [2]. Although the content of nitrogen, phosphorus and other compounds in Dongting
Lake water is high, and has not been polluted, it is
mainly due to the large flow of Dongting Lake,
which has a strong dilution capacity. Therefore, although the current heavy metal pollution of wetland
soil in Dongting Lake is not obvious, the remediation
of heavy metal pollution of wetland soil in this area
is urgent.
The heavy metal pollution in the Yangtze River
Basin and the surrounding areas of Dongting Lake
will not only cause serious irreversible pollution to
the ecological environment and agricultural production, but also affect the quality of the surrounding air
and water environment, and endanger human health
through the food chain [3]. In view of the heavy
metal pollution in the soil of Dongting Lake wetland,
it will also bring complete damage to the vegetation,
serious soil loss and gradually poor planting environment, which will also have a greater impact on the
restoration of surrounding plants and microorganisms [4]. Generally speaking, biochar, agricultural
and forestry wastes and sludge compost all play a
good role in soil improvement. By using these byproducts as soil improvers, there will be multiple social, economic and environmental benefits [5]. In
terms of soil remediation of heavy metal pollution, it
mainly includes physical remediation, chemical remediation, biological remediation, joint remediation
and agroforestry ecological remediation. Research
on efficient remediation and development of remediation methods will be able to reduce heavy metal
pollution of Dongting Lake Wetland Soil and restore
the natural ecological environment of Dongting Lake
wetland, which has important scientific significance
and application value [6].
Based on the above scientific cognition, we
take the soil polluted by heavy metals in the wetland
of Dongting

ABSTRACT
Under the joint action of the Yangtze River Basin and Xiangjiang River Basin, Dongting Lake has
caused irreversible heavy metal pollution to the surrounding wetland soil, and has brought about ecological, atmospheric and water natural pollution. In
view of the main method to solve the heavy metal
contaminated soil is the biological agriculture and
forestry combined ecological restoration method,
this paper takes the soil polluted by heavy metal in
Dongting Lake wetland as the research object, and
constructs multiple groups of comparative experiments with indoor potted plants as the object. In order to provide theoretical and technical support for
improving and repairing the polluted soil in Dongting Lake wetland, ryegrass and Thiobacillus ferrooxidans were used as the objects of phytoremediation respectively to explore the method of phytoremediation combined with both of them, and to explore the effect of the method of Phytoremediation
on the remediation of heavy metal pollution in soil.

KEYWORDS:
Dongting Lake Wetland, Heavy metal, Contaminated soil,
Phytoremediation

INTRODUCTION
Dongting Lake wetland mainly includes three
important Dongting Lake Wetlands in the East, the
West and the south. It breeds a variety of rich resources, which not only has a huge impact on the
production and life of tens of millions of people
around Dongting Lake, but also plays an important
role in maintaining the ecological balance of the
whole Yangtze River system [1]. In fact, the wetland
of Dongting Lake is affected by the long-term heavy
metal settlement coefficient in the surrounding area,
and there is also the adhesion of heavy metal and
sediment deposited by rain at the bottom of
Xiangjiang River, which further increases the settlement coefficient of heavy metals, making heavy metals easy to deposit. Therefore, most heavy metals

11390

© by PSP

Test material
soil
Sludge
compost

Volume 29 – No. 12A/2020 pages 11390-11398

pH
6.98
6.49

Fresenius Environmental Bulletin

TABLE 1
Basic physical and chemical properties of tested materials
Organic
phosphorus
nitrogen
Nitrate niAmmonium
compound
trogen
nitrogen
(%)
mg / kg
g / kg
mg / kg
mg / kg
2.61
0.16
24.69
2.73
8.41
40.69
1.86
213.45
187.36
7.13

Heavy metal

Cu
Zn
Pb
Cr
Cd
Ni
Hg
As

TABLE 2
Heavy metal content of test materials
Formula soil
Test contaminated
sludge
432.14
132.62
928.61
658.14
817.05
127.18
47.68
63.25
3.23
1.68
17.69
17.05
0.18
0.23
14.66
0.67

Lake as the research object, and construct multiple groups of comparative experiments with indoor
potted plants as the object. We take ryegrass as the
plant restoration object and Thiobacillus ferrooxidans as the microbial object, respectively, and explore the method of plant combined microbial restoration formed by adding the two at the same time. In
order to provide scientific theoretical and technical
support for the treatment and protection of wetland
pollution in Dongting Lake, the effect of combined
remediation on the remediation effect of heavy metal
pollution in soil was explored.

Phosphide

mg / kg
0.28
0.57

National soil pollution
background value
22.60
74.20
26.00
61.00
0.095
26.90
0.065
11.20

shows the basic physical and chemical properties of
the tested materials, Table 2 shows the content of
heavy metals in the tested materials, and Figure 1
shows the form of heavy metals.
In order to explore the role of plant combined
with microbial remediation, we selected ryegrass as
a common landscape plant. Ryegrass is a common
gramineous plant, which is often used to make cold
season lawn. It is harvested 3-4 times a year, and the
yield per hectare is about 40000-60000 kg. In fact,
ryegrass has a fast growth rate, strong adaptability
and pest resistance, so it is suitable for the remediation experiment of heavy metal contaminated soil in
this paper.
The instruments used in the experiment are microwave digester, atomic fluorescence spectrometer
and atomic absorption spectrophotometer made in
the United States, which are used to detect the content and distribution of heavy metals in contaminated
soil [8]. In addition, the drugs used in the experiment
include heavy metal standard solution, potassium dichromate, thiourea, ammonium acetate, hydroxylamine hydrochloride, sodium borohydride, sodium
hydroxide and other compounds, as well as 30% hydrogen peroxide, concentrated nitric acid and concentrated hydrochloric acid.

MATERIALS AND METHODS
Experimental Materials. In order to study the
remediation effect of heavy metal contaminated soil
in Dongting Lake wetland, our soil samples were
collected from the wetland in the south of Dongting
Lake. The snake shaped distribution method was
used to arrange points in the randomly selected wetland area [7], and the surface mixed soil within 0-20
was collected, and the soil type used for the experiment was loam. In order to carry out the heavy metal
pollution experiment, we use a sludge compost
which is fermented by aerobic bacteria. We will take
all the tested materials back to the laboratory, and
grind them into powder after effective air drying, and
pass the powder through 100 mesh sieve, so as to
prepare for the remediation experiment of heavy
metal contaminated soil. In order to give more comprehensive details of the tested materials, Table 1

Experimental design. In order to carry out the
phytoremediation of heavy metal contaminated soil
in Dongting Lake wetland, the following experimental design was adopted to explore the phytoremediation of phytoremediation. Six pot experiments
were set up. The selected soil and sludge were mixed
in six proportions of 0:100 (CK),
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FIGURE 1
Heavy metal forms in the tested materials
10:90 (10%), 20:80 (20%), 30:70 (30%), 40:60 (40%)
All the potted plants grow in the greenhouse
and 50:50 (50%), and were put into six pot experibuilt in the laboratory. Figure 2 shows the growth of
ments for comparison. We used the same way to culRyegrass in the first, third, fifth, seventh and ninth
tivate potted plants, each potted plant was loaded
weeks.
with 1.5kg soil, each kind of repeated treatment three
times, and randomly arranged. In addition, a layer of
fine sand net is laid at the bottom of each pot plant
RESULTS AND DISCUSSION
to prevent heavy metal loss. Then, we seeded
ryegrass seeds in a uniform density into each pot.
In the previous section, we gave the conditions
When ryegrass seeds germinate, water them reguof ryegrass combined with Thiobacillus ferrooxidans
larly and ensure that the same amount of water is apto form plant combined microorganisms, and complied to each pot.
pleted the remediation of heavy metal contaminated
In order to establish the environment for physoil in Dongting Lake wetland.
toremediation, we also added microorganisms to
ryegrass. The test bacterial solution used by the miEffect of plant combined with microbial recroorganism is the domesticated sample enriched by
mediation on Ryegrass Growth. Generally speakThiobacillus [9]. For the shoots of ryegrass grown
ing, after market value sludge composting in heavy
well in each pot, a small groove of about 5cm is genmetal contaminated soil, the nature of soil, the form
tly dug out at the root of Ryegrass with tweezers, and
of heavy metals in soil and the plant types planted in
the domesticated Thiobacillus solution is injected
soil jointly determine the transfer ability of heavy
along the root of ryegrass through a sterile syringe.
metals in soil towards plants [10]. When the organic
The corresponding amount of Thiobacillus solution
matter enters into the soil, the microorganism in the
in each pot is 0ml, 15ml, 0ml, 15ml, 0ml and 15ml
soil reacts with the organic matter by enzyme, derespectively, and 15g FeSO4  7 H 2O liquid is
composes the organic matter into intermediate prodadded to the soil as the substrate of Thiobacillus. For
ucts and disperses energy. As shown in Figure 3, the
each potted plant, water and loosen soil regularly in
compost without sludge added in the experiment can
the same way to ensure scientific comparison condipromote the growth of ryegrass. With the increasing
tions. The details of each potted plant are shown in
Table 3.
TABLE 3
Comparative experimental conditions for phytoremediation of heavy metal contaminated soil
Pot number
Experimental conditions added in comparative experiment
CK
100% Dongting Lake Wetland polluted soil + 15g FeSO4  7 H 2O
B1
90% Dongting Lake Wetland polluted soil + 10% polluted compost + 15ml bacterial
solution + 15g FeSO4  7 H 2O
B2
80% Dongting Lake Wetland polluted soil + 20% polluted compost + 30ml bacterial
solution + 15g FeSO4  7 H 2O
B3
70% Dongting Lake Wetland polluted soil + 30% polluted compost + 45ml bacterial
solution + 15g FeSO4  7 H 2O
B4
60% Dongting Lake Wetland polluted soil + 40% polluted compost + 60ml bacterial
solution + 15g FeSO4  7 H 2O
B5
50% Dongting Lake Wetland polluted soil + 50% polluted compost + 75ml bacterial
solution + 15g FeSO4  7 H 2O
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FIGURE 2
Growth of Ryegrass in the first, third, fifth, seventh and ninth weeks
proportion of Thiobacillus and sludge compost applied to the soil, the plant height, underground biomass and aboveground biomass of ryegrass increased first and then decreased, and the effect was
significantly better than that of single treatment
( CK ) ( P  0.05 ). Among them, ryegrass had the
strongest rising trend under the experimental conditions ( B1 ), the plant height reached the peak value
of 26.24cm, 35.16% higher than that of single treatment ( CK ); in addition, the aboveground biomass
and underground biomass also reached the highest
under the conditions ( B1 ), they were
1.39 g / pot and 0.53 g / pot respectively,
which were 153.37% and 114.62% higher than the
single treatment ( CK ). When Thiobacillus was
added to the soil, the pH value of the soil changed,
which was much lower than that of the single treatment, and the range of pH value was [5.98, 6.47] .

by Ryegrass. Figure 4 shows the effect of Phytoremediation on the absorption of heavy metals by
ryegrass. It can be seen from the results in Figure 4
that with the increase of the proportion of Thiobacillus and sludge compost, the content of Cu in
ryegrass rhizosphere soil first increased and then decreased. Under the condition of CK treatment,
the content of Cu was 13.17 mg / kg , but under
the condition of B5 treatment, the maximum
value was 22.92mg / kg , which was 2.25 times of
that under CK conditions. The percentage of acid
soluble Cu decreased with the increase of the proportion of sludge compost, the decreasing range is
[2.82%, 20.82%] . Under the condition of B 4
treatment, the content of Cu decreased the most,
and the reducible ratio reached the maximum of
9.45%, which was 3.50% higher than that under the
condition of CK . In addition, although the percentage of Cu in oxidizable and residual state is relatively large, Cu in this part is less affected by the
proportion of Thiobacillus and sludge compost.

Effect of phytoremediation combined with
microorganism on the absorption of heavy metals

(a) Plant height

(b) Aboveground biomass
(c) Underground biomass
FIGURE 3
Comparison of plant height, underground biomass and aboveground biomass of ryegrass under different
experimental conditions
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FIGURE 4
Effect of Phytoremediation on heavy metal absorption of Ryegrass
For treatment B 4 , we increased 30% of sludge
compost ratio and 30ml of Thiobacillus solution, and
the percentage of acid soluble, reduced and oxidized
Zn in ryegrass's basic soil reached the maximum,
8.59%, 28.64% and 22.39% respectively. However,
the ratio of change of Zn content and percentage
in rhizosphere was first communicated, which may
be related to the different content of heavy metals in
rhizosphere soil under different treatment conditions.
The content of oxidized Zn increased gradually,
which was the result of the continuous transformation of oxidized Zn to acid soluble Zn after
adding sludge compost and Thiobacillus liquid.
It can also be seen from the results in Figure 4
that the addition of sludge compost and Thiobacillus
solution can significantly increase the percentage of
acid soluble and reduced state Cd of ryegrass rhizosphere soil. Under the condition of treatment, acid
soluble and reduced Cd reached the maximum
value of 0.029mg / kg and 0.22mg / kg respectively, which were 2.45 times and 1.25 times
higher than that under the condition of CK , respectively, and the percentage of the two in the total Cd
content was 4.19% and 3.59% respectively. In treatment B 4 , the content of oxidized Cd was
greatly reduced by adding sludge compost and Thiobacillus solution, which was [0.045, 0.245]
times lower than that in treatment CK . Based on
the above results, it can be seen that the combination
of sludge compost and Thiobacillus liquid can activate the Cd activity of ryegrass rhizosphere soil,

and the percentage of residue Cd is the highest.
In addition, the addition of sludge compost and Thiobacillus solution also significantly increased the
content of Pb . Under the condition of B3 treatment, the content of acid soluble Pb in ryegrass
rhizosphere
reached
the
maximum
of
26.88mg / kg , accounting for 4.60% of the total
Pb . The content of Pb in reduced and oxidized
state also increased in different degrees. From the
comparison of Pb content in Figure 4, it can be
seen that the content of Pb in ryegrass rhizosphere
mainly exists in the form of residue, followed by oxidation and reduction Pb , and the content proportion of acid soluble Pb is the lowest.
Effect of Phytoremediation on enrichment
coefficient and operation coefficient. Compared
with the treatment conditions, by adding sludge compost and Thiobacillus solution, the concentration coefficient and transport coefficient of heavy metals in
ryegrass were significantly different. Figure 5 and
Figure 6 show the trend chart of heavy metal concentration coefficient and operation coefficient respectively. As can be seen from the results in the figure,
after adding sludge compost and Thiobacillus solution, the enrichment coefficients of Cu and Cd in
the upper part and the underground part of rye grassland were higher than CK . The Cu and Cd enrichment lines in the upper part and the underground
part of rye grassland reached the maximum under the
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FIGURE 5
Trend chart of heavy metals concentration coefficient under the effect of phytoremediation

Cd . In addition, the enrichment coefficients of the
aboveground part and the underground part of
ryegrass rhizosphere Pb increased with the increase of sludge compost and Thiobacillus liquid
consumption, and reached the maximum under the
condition of treatment B5 [12]. These results
show that ryegrass has a good enrichment ability for
Pb in soil and can guarantee the remediation ability of metal contaminated soil.
In the trend chart of heavy metal transport coefficient
under the effect of plant combined microbial remediation, the transport coefficient of ryegrass under
other treatment conditions, except treatment conditions, can be guaranteed to be greater than 1. Under
the condition of B1 ~ B5 treatment, the operation
coefficient of Pb can be greater than that of 1 treatment. However, under the treatment conditions, the
operation coefficients of Cu and Cd are less
than 1, which is enough to show that the operation
coefficients of Cu and Cd are weakly affected
by the amount of sludge compost and Thiobacillus
liquid.

treatment conditions, which were 0.26 and 0.35 respectively. With the continuous increase of sludge
composting and Thiobacillus liquid, the enrichment
coefficient first increased and then decreased [11].
For heavy metal Zn , the enrichment coefficient of
the above ground part can increase with the increase
of sludge composting and Thiobacillus liquid dosage.
Under the condition of B5 treatment, the maximum value of Zn in the above ground part was
0.44, which indicated that sludge composting and
Thiobacillus liquid could promote the enrichment of
Zn in the above ground part. Under the condition
of B 4 treatments, the maximum value of Zn in
the underground part was 0.36, which indicated that
sludge composting and Thiobacillus liquid could
promote the enrichment of Zn in the underground
part. For the Cd of the aboveground part and the
underground part of ryegrass rhizosphere, the enrichment coefficient reached the peak value under
the treatment conditions of B3 and B 2 , respectively, the results showed that under different sludge
compost and Thiobacillus liquid dosage, different
parts of ryegrass had different enrichment ability to
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TABLE 4
Correlation between heavy metals in various forms of soil and Ryegrass
Heavy metal elements
Oxidized heavy metal
Reduced heavy metal
Acid soluble heavy
in soil
ions
ions
metal ions
0.822*
0.682
0.968**
aboveground Cu
0.614
0.516
0.966**
aboveground Cu
0.592
0.578
0.900*
aboveground Zn
0.245
0.301
0.892*
aboveground Zn
0.922**
0.789
0.813*
aboveground Pb
0.861*
0.848*
0.855*
aboveground Pb
0.204
0.250
0.711*
aboveground Cd
0.547
0.424
0.786*
aboveground Cd

FIGURE 6
Trend chart of heavy metal transport coefficient under the effect of plant combined microbial remediation
and acid soluble Pb and oxidized Pb in rhizosphere soil, and the order of correlation was oxidation > acid soluble. There is a significant positive
correlation between the concentration of Pb in the
underground part of ryegrass and the acid soluble
Pb , reduced Pb and oxidized Pb in the rhizosphere soil, and the order of correlation among them
is oxidation > acid soluble > reduced.
From the above correlation analysis results, it
can be seen that acid soluble heavy metal ions in rhizosphere soil are easily absorbed by plants (such as
ryegrass) in the actual plant growth process. Therefore, it has a good theoretical basis and basis to evaluate the bioavailability of heavy metal polluted soil
by acid soluble heavy metal content. In the results of
this study, the availability of four heavy metals in the
soil polluted by heavy metals in Dongting Lake wetland is Cu ! Zn ! Pb ! Cd . The results are similar to those in literature [14], and there is a significant positive correlation between heavy metal content in plants and soil available state content. That is
to say, when the proportion of available heavy metals
in soil is higher, the content of heavy metals absorbed by plants will be higher.

Correlation analysis of heavy metals in soil
and Ryegrass. Table 4 shows the correlation between heavy metals in various forms of soil and
ryegrass heavy metals content, and the significance
analysis uses t-test to calculate the p value of various
heavy metals in different forms to verify the correlation [13]. It can be seen from the data in the table that
acid soluble heavy metals are more easily absorbed
by ryegrass rhizosphere. There was a significant positive correlation between the above ground part Cu ,
the acid soluble part Cu and the oxidized Part
Cu of ryegrass, and the correlation was acid soluble > oxidized. There was a significant positive correlation between the total content of Cu in the underground part of ryegrass and the acid soluble Cu
state of rhizosphere soil ( P  0.01) .
The correlation coefficients between the total
content of Zn in the upper part and the underground part of rye grassland and the acid soluble
Zn in rhizosphere soil were 0.900 and 0.892, respectively ( P  0.05) . There was a significant positive correlation between the concentration of Cd
in the upper part and the underground part of rye
grassland and the acid soluble Cd in rhizosphere
soil.
There was a significant positive correlation between the concentration of Pb in rye grassland
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[4] Qu, P., Fu, Y., Liu, M.X., Wang, Y., Huang, M.
(2019) Research progress of plant microorganism joint remediation of nickel contaminated
soil. Soil. 51 (1), 11-18.
[5] Yang, J., Meng, X.Q., Li, X.R. (2018) Study on
the current situation of phyto microbial remediation of heavy metal contaminated soil. Environmental Science and Management. 43(11),
67-70.
[6] Liu, X., Huang, X.R., Zhang, X.X., Qiu, J.G.,
Xu, D.Q., He, J. (2017) Study on microbial plant
joint remediation technology of soil polluted by
high concentration PAHs. Journal of Nanjing
Agricultural University. 40(4), 632-640.
[7] Li, H.Y., Xiong, Q., Li, X.Y., Chu, L. (2017)
Progress in phyto microbial remediation of
heavy metal contaminated soil. Journal of Kunming University of science and Technology
(Natural Science Edition). 42(3), 81-88.
[8] Zheng, X.H., Sun, L.N., Wang, X.R., Zhang,
H.L., Liu, K.B., Li, J.K., Li, H. (2017) Comparative study on control measures of phyto microbial remediation of PAHs contaminated soil.
Journal of Ecological Environment. 26 (2), 323327.
[9] Zhang, X., Chen, B.N., Sun, L.N. (2016) Phyto
microbial remediation of soil contaminated by
Jiale musk and cadmium. Journal of Shenyang
Agricultural University. 47 (2), 166-172
[10] Chen, S., Chen, N., Chao, L., Sun, J.J., Sun,
L.N., Hao, X.X., Liu, Q., Ma, H.Y. (2015) Experimental study on Phyto microbial joint remediation of soil polluted by oxytetracycline and
cadmium. Journal of Ecological Environment.
24 (9), 1554-1559.
[11] Luo, X.F., Chen, L.H., Yang, C.B., Wang, D.M.,
Hou, F., Huo, W.P. (2015) Laboratory simulation of phytomicrobial remediation of oil contaminated soil. Journal of Lanzhou University
(Natural Science Edition). 51 (3), 411-417.
[12] Luo, X.F., Fan, G.Q., Wang, J., Wang, H.Y., Tian,
D.N., Wang, R.T. (2014) Laboratory simulation
study on phytomicrobial remediation of oil contaminated soil. Brewing in China. 33 (8), 85-89.
[13] Wang, J.X., Zhang, Z.Y., Wan, Y.Y., Pan, L.G.,
Jin, J., Zhao, L.P., Zhang, Z.Z. (2014) Experimental study on phytomicrobial remediation of
oil contaminated soil. Journal of Environmental
Engineering. 8 (8), 3454-3460.
[14] Liu, J.S., Zhang, J.J., Yang, S.F., Zou, G.L.
(2014) Research progress of Endophyte in phytoremediation of heavy metal contaminated soil.
China Plant Protection Guide. 34(2), 27-30

CONCLUSION
Dongting Lake wetland is affected by the longterm heavy metal settlement coefficient in the surrounding area, and there are heavy metals deposited
in the bottom of Xiangjiang River and sediment adhesion, resulting in the further increase of heavy
metal settlement coefficient, making heavy metals
easy to deposit. Heavy metal pollution of soil will
not only cause serious irreversible pollution to the
ecological environment and agricultural production,
but also affect the surrounding air and water environment quality, and endanger human health through the
food chain. In view of the heavy metal pollution of
Dongting Lake wetland soil, it will also bring complete destruction of vegetation, serious soil loss and
gradually bad planting environment, which will also
have a greater impact on the surrounding plant and
microbial restoration. In this paper, the soil polluted
by heavy metals in the wetland of Dongting Lake
was used as the research object, and a series of comparative experiments were carried out with ryegrass
as the plant restoration object and Thiobacillus ferrooxidans as the microorganism object. To explore
the method of phytoremediation combined with microorganisms formed by adding them at the same
time, to explore the effect of the combined remediation method on the remediation of heavy metal pollution in soil, and to obtain the relationship between
heavy metal ions, plants and microorganisms, which
provides a strong practical significance for remediation.
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RESEARCH ON COORDINATED DEVELOPMENT OF
ENERGY, ECONOMY AND ECOLOGICAL ENVIRONMENT
IN HENAN PROVINCE
Defeng Shang*
Henan Institute of Technology, Xinxiang 453003, China

perspectives [1-4]. In 1980, The World Conservation Strategy of the International Union for Conservation of Nature proposed the study of the basic
relationships between nature, society, ecology,
economy, and the use of natural resources to ensure
global sustainable development. In 1981, Lester R.
Brown of the United States published Building a
Sustainable Society, which proposed to achieve
sustainable development by controlling population
growth, protecting the resource base and developing renewable energy. Subsequently, the Chinese
government approved the release of "China's Agenda 21-China's 21st Century White Paper on Population, Environment and Development", which for the
first time incorporated sustainable development
strategies into my country's long-term planning for
economic and social development [5-7]. In 1997,
the 15th National Congress of the Communist Party
of China determined the sustainable development
strategy as my country's "must be implemented in
modernization" strategy, which embodies the basic
views and main contents of China's implementation
of the sustainable development strategy. The essence of sustainable development is the coordinated
development of natural and social systems, with
human and human social and economic activities as
one side, and the resources and environment on
which humans depend for survival as the other side,
which constitutes a dynamic and open interaction
between nature and society and mutual restriction.
Complex system. Starting from the concept of
"people-oriented", the core content of sustainable
development can be summarized as per capita energy, economic and ecological factors, referred to as
3E system [8-10].
Energy is an indispensable basic element in
the social economic system. With the acceleration
of industrialization, the contradiction between the
increase in energy demand for economic development and the scarcity of energy is becoming increasingly prominent. Excessive energy system
load is bound to bring ecological environment construction [11]. Come under great pressure. Starting
from the concept of "people-oriented", a good ecological environment is the most equitable public
goods, and improving the ecological environment
has been a major problem that countries all over the

ABSTRACT
During the construction of ecological civilization, the coordinated development of energy, economy and ecology is particularly important. It can be
considered that clean energy is the driving force of
ecological civilization, a healthy economy is the
foundation of ecological civilization, and natural
ecology is a symbol of ecological civilization. If the
three cannot develop harmoniously and achieve a
win-win situation, it will be difficult to achieve
ecological civilization. By building a coupled coordination model, a comprehensive evaluation of the
coordination development level of the three subsystems is made. From the empirical analysis results,
the following conclusions are drawn: During 20092018, the overall coordination degree of energy,
economy and ecological environment in Henan
Province There is an upward trend in 2018, with an
average of more than 0.7 in 2018, achieving good
and coordinated development. The comprehensive
development of economic development and ecological environment construction is superior to energy
subsystems, indicating the transformation of Henan’s economic structure to energy-saving and
intensive To a large extent, it has promoted the
improvement of the quality of the ecological environment, but the construction of the ecological
environment still lags behind the regional economic
development, and the type of coordination between
the economy and the ecological environment still
belongs to the lagging type of the ecological environment.

KEYWORDS:
Coordinated Development, Energy, Ecological Environment, Henan

INTRODUCTION
Since the concept of sustainable development
was put forward, all countries in the world regard
sustainable development as a brand-new development model, and have conducted in-depth and extensive research on this concept from different
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(b)
FIGURE 1
Coordination degree of energy and ecological environment
(a)

world pay attention to and work hard to solve. Ecological environment construction is complementary
to economic development and energy supply and
demand. There is a dialectical and unified relationship, and there is a game and coordination relationship. Only when these three interactions produce a
coordination effect can the sustainable development
of ecological environment construction be
achieved. Therefore, the research on the coordinated development of energy, economy and ecological
environment has positive practical significance for
the protection and restoration of China's ecological
environment [12, 13].
Henan Province, the capital of which is
Zhengzhou, is located in central China. The boundary of Henan Province is between 31°23'-36°22'
north latitude, 110°21'-116°39' east longitude, Anhui and Shandong in the east, Hebei and Shanxi in
the north, Shaanxi in the west and Hubei in the
south, with a total area of 167,000 square kilometers. Henan is known as "the hinterland of Kyushu
and the thoroughfare of ten provinces", and it is an
important comprehensive transportation hub and
people logistics information flow center in the
country. Henan is a major economic province in
China, with the total GDP ranking the fifth in the
country and the central and western regions. The
Central Plains Economic Zone with Henan as the
main body is the fourth largest economic zone in
China. In 2019, the province’s GDP was 5,425.92
billion yuan, calculated at comparable prices, an
increase of 7.0% over the previous year, and
achieved the annual target of 7%-7.5%, which was
0.9 percentage points higher than the national average. In terms of different industries, the added value
of the first industry was 463.540 billion yuan, an
increase of 2.3%; the added value of the second
industry was 2,360.57 billion yuan, an increase of
7.5%; the added value of the tertiary industry was
26.801 billion yuan, an increase of 7.4% [14].
Due to the low level of industrial structure, the

task of ecological environment construction and
restoration is arduous. Henan Province is a major
mineral province. Mining, as a traditional superior
industry in Henan Province, plays an important
supporting role in the economic and social development of the province, and it also forms serious
structural pollution. The extensive development of
mineral resources has severely damaged the ecological environment, and the geological disasters in the
mining area are widespread, which has caused
serious impacts on water and soil conservation and
landscape. This characteristic of natural ecological
fragility and energy economy dominance objectively requires Henan Province to pay special attention
to the sustainable development of energy, economy
and ecological environment construction in the
process of economic development [15].
This study quantitatively evaluates the coordination level between energy, economy and ecological environment in Henan Province from 2008 to
2018, and provides a theoretical basis for the sustainable development of ecological environment
construction.

MATERIALS AND METHODS
Standardization of data and determination
of index weight. There are both positive and negative indicators in the index system, where the positive index value is positively related to the index
value, and the inverse index value is inversely related to the index value. Due to the different attributes of different measurement indexes, when calculating the comprehensive evaluation index of the
system under study, it is necessary to change the
nature of the inverse index data first, so that the
effect of all indexes on the system is trended. This
paper adopts the reciprocal form for all inverse
indicators to be normalized. In order to eliminate
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(b)
FIGURE 2
Coordinate degree of the economic and ecological environment
(a)

the impact of the original data of various indicators
due to the difference in magnitude and dimension,
the original data is standardized by the averaging
method.

ward trend after 2015. The inverse indicator "power
consumption per unit of GDP" changed little between 2009 and 2014, but the growth rate after
2015 was obvious. As a result, the comprehensive
evaluation value of the energy subsystem began to
decline after 2015. The inverse indicators “elastic
coefficient of energy consumption”, “energy consumption per unit of GDP” and “energy consumption per unit of industrial added value” have been
decreasing year by year, but they are not enough to
change the development trend of the energy system,
and at the same time have also improved the quality
index of the ecological environment to a certain
extent. This is consistent with the overall downward
trend of the industrial indicators of "industrial
wastewater discharge", "industrial sulfur dioxide
discharge" and "industrial smoke (dust) dust discharge" in the eco-environment subsystem during
2009-2018. Under the influence of the interaction
between the energy and the ecological environment
and the system, the coordinated type of energy and
ecological environment in Henan Province is a
lagging type of the ecological environment of the
coordinated development type from 2009 to 2013,
and a lagging type of the energy of the coordinated
development type from 2014 to 2018.

Model selection. Coupling is a physics concept, which refers to phenomena that affect each
other through interaction between systems. Since
the three subsystems of energy, economy and ecological environment objectively have a mutually
causal and mutually promoting relationship, coupling is now widely used to study the relationship
between energy, economy and environment. In
order to reflect the coordinated development level
of energy, economy and ecological environment in
the study area, on the basis of the coupling model, a
coupling coordination model is further constructed
to evaluate and analyze the degree of interaction
and coordination between the systems.

RESULTS AND DISCUSSION
Analysis on the coordination degree of energy and ecological environment. According to
the coupled coordination model, the coordination
degree of energy and ecological environment in
Henan Province from 2009 to 2018 is obtained
(Fig.1). From 2009 to 2018, the coordination degree
of energy and ecological environment in Henan
Province experienced a development process from
rapid rise to slow rise. It fell sharply from 2014 to
2015. Although it rebounded in 2016, the growth
rate of coordination degree has been extremely
slow since then. The reason is that there are three
indicators in the energy system whose weight exceeds the average (0.2): "total energy production",
"energy consumption per unit of GDP" and "electricity consumption per unit of GDP". The positive
indicator "total energy production" increased year
by year from 2009 to 2014, and showed a down-

Analysis on coordinate degree of the economic and ecological environment. According to
the coupled coordination model, the degree of coordination between economic growth and ecological environment in Henan Province from 2009 to
2018 is calculated (Fig.2). In 2009, the coordination
degree between the economy and the ecological
environment of Henan Province was 0.1440, and it
increased to 0.88933 in 2018. The level of coordination between the two experienced a process of
severe dysfunction recession, moderate dysfunction
recession, barely coordinated development, moderately coordinated development, and good coordinated development from 2009 to 2018. The type of
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coordination is an economically lagging type of
dysfunctional recession between 2009 and 2010, an
economically lagging type of coordinated development between 2011 and 2015, and an ecologically
lagging type of coordinated development between
2016 and 2018. From 2009 to 2014, the improvement of the level of economic development in Henan Province made people put forward higher and
higher requirements for the construction of the
ecological environment. At the same time, the increase in financial revenue also provided protection
for the public sector to increase investment in ecological environment construction. The degree of
coordination between economic growth has risen
rapidly, but while the economy is developing, it has
also exerted a certain degree of coercion on the
ecological environment, and this pressure continues
to increase. In 2016, it exceeded the carrying
threshold of the environment. The degree of coordination grew slowly between 2016 and 2018. From
the perspective of the time evolution of coordination, the ecological environment and social and
economic growth of Henan Province have achieved
high-quality coordinated development in 2018, but
this does not mean that the interactive relationship
between the two has been in a virtuous cycle. The
overall industrial level of Henan Province It is not
high, the proportion of resource development industries is large, and the comprehensive development
level of the ecological environment is not high. It is
still necessary to further coordinate the development of economic development and ecological
environment construction and reduce the negative
effect of economic growth on ecological environment construction. The major challenges facing the
region in the future.

Fresenius Environmental Bulletin

Henan Province has increased significantly from
2009 to 2018. The value of coordination in 2009
was 0.1256, and it increased to 0.7788 in 2014. The
type of coordination is the economic lag type of
imbalance and recession type from 2009 to 2011,
the economic lag type of coordinated development
type from 2012 to 2014, and the energy lag type of
coordinated development type from 2015 to 2018.
From the perspective of energy system evaluation
indicators, from 2009 to 2013, the total energy
production of Henan Province increased year by
year, which promoted economic growth to a certain
extent, and the coordination between energy and
economy increased rapidly from 2009 to 2014.
Energy production in Henan is dominated by raw
coal, and there are insufficient reserves for coal
development. Under the influence of resource constraints and environmental pressures, energy production has been declining year by year from 2014
to 2018, due to its high weight, the value is large,
and the comprehensive evaluation value of the
energy subsystem has shown a general downward
trend after 2014, and the coordination between
energy and economy has grown slowly from 2014
to 2018. Theoretically, the reduction in energy
production and the coordination of energy and
economic growth systems should be reduced. However, due to the adjustment of industrial structure in
Henan Province and the progress and promotion of
energy-saving and emission reduction technologies,
the efficiency of energy, especially fossil energy, in
Henan Province has been continuously improved in
the past 10 years The energy consumption elasticity
coefficient, energy consumption per unit of GDP
and energy consumption per unit of industrial added value in the evaluation indicators of the energy
system have been continuously declining during the
period 2009-2018, to a certain extent, offsetting the
decline in energy

Analysis on coordinate degree of the energy
and economic development. The degree of coordination between energy and economic growth in

(b)

(a)

FIGURE 3
Coordinate degree of the energy and economic development
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output to the economy. Adversely, the coordination
between energy and economic growth increased to
0.7788 in 2018, reaching a good level of coordinated development.
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CONCLUSIONS
By building a coupled coordination model, a
comprehensive evaluation of the coordination development level of the three subsystems is made.
From the empirical analysis results, the following
conclusions are drawn: During 2009-2018, the
overall coordination degree of energy, economy
and ecological environment in Henan Province
There is an upward trend in 2018, with an average
of more than 0.7 in 2018, achieving good and coordinated development. The comprehensive development of economic development and ecological
environment construction is superior to energy
subsystems, indicating the transformation of Henan’s economic structure to energy-saving and
intensive To a large extent, it has promoted the
improvement of the quality of the ecological environment, but the construction of the ecological
environment still lags behind the regional economic
development, and the type of coordination between
the economy and the ecological environment still
belongs to the lagging type of the ecological environment.
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ADSORPTION BEHAVIOR AND MODIFICATION OF
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138.0133 mN/m to 17.0503 mN/m. It shows that after the core is treated with nano-microsphere fluid, a
hydrophobic layer is formed on the surface of the
core through adsorption, which improves the core's
wettability and greatly reduces the adhesion of solid
to liquid, thereby reducing the binding of solid to water and the fluid, which is more favorable for the
flow back.

ABSTRACT
Due to production methods, the pressure in the
near-well zone is usually lower than the dew point
pressure of the gas phase, and the anti-condensation
occurs in the near-well zone, which causes liquid to
block the pores, resulting in a decline in oil and gas
seepage capacity, which severely restricts condensate gas reservoir capacity. Wetting modification is
a common method to reduce the retention of liquid
phase near the well. This paper evaluates the effect
of a self-made modified nano-silica nano-microsphere fluid wetting modification, and studies its adsorption behavior. The results show that the concentration of nano-microspheres significantly changes
the contact angle of the sandstone surface. As the
concentration increases, the contact angle increases
rapidly. When the concentration is 0.5%, the contact
angle reaches the maximum value, the contact angle
in the water phase is 123.19°, and the contact angle
in the oil phase is 106.56°. At different concentrations, the growth trend of each adsorption curve is
similar. In the early stage of adsorption, the adsorption amount increases rapidly with time, then the
growth trend gradually slows down, and finally
reaches equilibrium. The fitting result of the pseudosecond-order kinetic model is closer to the experimental value. The equilibrium adsorption results
show that, as the concentration of nano-microspheres increases, the equilibrium adsorption
amount first increases rapidly. When the concentration reaches a certain level, the equilibrium adsorption amount tends to be stable. This process can be
accurately fitted by the Langmuir model. After the
sandstone core was treated with nano-microsphere
fluid, the self-absorption volume decreased significantly, which was about half of the self-absorption
volume before treatment. The calculation results of
the adhesion force also proved this point. When the
nano-microsphere fluid concentration reached 1.5%,
the adhesion force decreased from the initial

KEYWORDS:
Condensate gas reservoir, modified nano silica, nano-microsphere, wetting modification, adsorption kinetics, adhesion

INTRODUCTION
Condensate gas reservoirs are rich in reserves,
and many large natural gas fields are condensate gas
reservoirs. The development of condensate gas reservoirs is based on the isothermal decompression
method. Therefore, in the near well zone, the pressure is lower than the dew point pressure of the gas
phase, which causes the reverse condensate phenomenon in the near well zone. The gas phase precipitates the liquid phase near the wellbore, which
causes liquid blockage of the pores, leading to a decline in oil and gas seepage capacity, which severely
restricts the capacity of condensate gas reservoirs.
Wetting modification is a common method to reduce
the retention of liquid phase near the well [1-3]. The
idea arises from that the wettability has a very obvious effect on the flow and distribution of two-phase
fluids in porous media. Generally speaking, liquid
wetting is the original state of sandstone reservoirs.
Since the liquid is a strong wetting phase in the presence of gas, the liquid is spontaneously sucked into
the small pores of the rock by capillary force, and the
droplets will adhere to the rock surface. Even under
the pressure displacement of the reservoir, the droplets are also difficult to discharge, resulting in a
higher saturation of condensate (liquid phase) in the
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sandstone reservoir and a significant decrease in the
relative permeability of gas. A fluorine-containing
chemical that modified a wet surface from water to
gas wetting was studied [4-5].
Clancy et al. [6-8] studied the effect of fluorinated and fluorosurfactant-modified nano-silica on
sandstone gas wettability. The results showed that
the treated rock wettability changed from strong water wetness to gas wetness. Xia et al. [9] studied the
effect of a quaternary ammonium fluoride to improve wettability. Through various evaluation methods, it was proved that the fluoride adsorption improved the wettability of the sandstone surface and
reduced the surface energy of the solid surface,
thereby improving the gas phase seepage ability.
Huang et al. [7, 10] characterized the adsorption behavior of nano-silica on calcite through the study of
kinetics, equilibrium, thermodynamics, electro-kinetics and DLVO theory. Sheng et al. [11] explored
the adsorption behavior of a water-based nano-microsphere fluid on sandstone surface and the effect
of improving wettability, which provided a theoretical basis for the application of nano-microsphere
fluid in condensate gas reservoirs. At present, in the
research of wetting modification, the focus is on the
synthesis and performance evaluation of the treatment agent, but there is little research on the adsorption kinetics of the treatment agent [12-13]. Through
the results of adsorption kinetics test, the aging time
of the chemical agent required for the treatment of
rock wettability can be obtained. The equilibrium adsorption test can help us find the optimal concentration of the treatment agent and further clarify the
mechanism of the treatment agent wetting modification.
For the self-made modified nano silica material
in this paper, the static contact angle measurement
experiment was used to discuss the wettability modification ability of the nano-microsphere fluid. The
adsorption kinetics and equilibrium adsorption experiment were used to analyze the nano-microsphere
fluid on the quartz surface and the adsorption characteristics of the core. The core self-priming experiment was used to treat the core, and the core capillary force was tested. The calculation of the solid
surface adhesion force further verified that the nanomicrosphere fluid can modify the wettability of the
quartz surface from strong hydrophilic to gas wet
state.
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content of 90.33%. The calcite content is low with
the average content around 6.58%. The average content of the clay minerals is 3.09%. Rock sample
preparation for contact angle measurement: The core
is cut into pieces with a thickness of 0.5 cm and a
radius of 2.5 cm. In order to minimize the effect of
rock roughness on wettability, the core sheet is polished with fine sandpaper. Then, the core sheet is
boiled in 3% NaOH solution for 15 minutes to remove the oxide film and then rinsed and dried in an
oven at 105°C. The prepared sample is immersed in
the surfactant solution for 12 hours to reach adsorption equilibrium. After that, the flakes were taken out
of the solution and allowed to dry.
Experimental method. (1) Surface tension
measurement. The surface tension was measured
with a BZY-1 automatic surface tension meter. The
measuring method was the hanging sheet method.
The nano-sphere fluid solutions of different concentrations were prepared to measure the gas-liquid surface tension.
(2) Contact angle measurement. A
JC2000D5M contact angle measuring device was
used to determine the contact angle of the core sheet
before and after the nano-microsphere fluid treatment. During the measurement, a constant volume of
distilled water droplets were dropped on the rock
surface. The shape of the water droplets was captured and recorded in the image analysis software to
obtain the size of the contact angle.
(3) Adsorption experiment. The adsorption
experiment uses high-purity quartz sand powder as
the adsorbent (granularity 200 mesh, 0.074 mm),
with a purity of more than 99%. After washing with
acid to remove organic impurities, it is washed repeatedly and dried in the oven for use. A series of
initial concentration of nano-microsphere fluid was
prepared. By using U-V ultraviolet spectrophotometer to measure absorbance of the fluid with different
concentrations, a standard curve according to the relationship between absorbance and concentration
was established. 3g dry quartz sand were added into
different concentrations of nano-microsphere fluid
for adsorption experiments. The nano-microsphere
fluids were poured into 5 different flasks with stoppers and stirred under ambient conditions to measure
the solution after different adsorption times. The absorbance, according to the marked curve can be used
to calculate the concentration of the corresponding
nano-microsphere fluid [9, 14].
According to the difference between the initial
concentration and the equilibrium concentration, the
equilibrium adsorption amount of the nano-microsphere particles on the surface of quartz sand is calculated, and the isothermal adsorption curve is calculated by the following formula [15]:

MATERIALS AND METHODS
Experimental materials. The modified nanosilica microsphere fluid used in this paper mainly
uses chemical treatment agents to graft-modify the
surface of nano-silica to make it more excellent in
wettability and stability. The tight sandstone of
block M was selected for experiment. The core mineral composition is mainly quartz, with an average
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C0  Ce V
m

Where q(t) represents the amount of adsorption
at time t; qe represents the amount of adsorption at
adsorption equilibrium (mg/g); k2 is the rate constant
of the pseudo-second-order kinetic model.

(1)

Among them, C0 and Ce are the initial concentration and equilibrium concentration of the surfactant solution (mg/g); V is the volume of the solution
(L); m is the mass of the quartz powder (g).

(2) Adsorption isotherm model. The adsorption isotherm model was used to further analyze the
adsorption equilibrium process. The linearized
Langmuir and Freundlich models fit the equilibrium
data [19-20].
The Langmuir model assumes that the adsorption on the surface of a single layer, all the adsorption sites have the same nature, and the adsorbed particles are independent of each other. The linearized
expression is:

(4) Core self-priming. Through the core selfpriming experiment, the change of core pore capillary force after nano-microsphere fluid treatment
was evaluated. The rock samples were dried to ensure that the initial saturation of all samples remains
at a consistent level. During the drying process, the
temperature is not higher than 95°C, and the core
mass is weighed at intervals until the difference between the two readings is less than 10 mg. At the
same time. The length and diameter specifications of
the rock sample and the weight are measured and
recorded. The self-priming device is composed of
electronic balance, lifting platform, core clamp and
test liquid container. During the experiment, the core
is suspended on the core clamp at the lower end of
the balance, and the end surface is parallel to the selfpriming liquid surface in the container. Then the lifting platform is slowly raised until the fluid contacts
the end face of the core. The experiment time will be
measured simultaneously after the start of self-priming. The recording time interval in the early stage of
self-priming should be relatively small and the time
interval can be appropriately enlarged after 30 min.
The self-priming process continued until the selfpriming amount tended to be flat [9].

Ce
qe

ln qe  k1t

ln(qe )

1
t

2
k2 qe qe

(4)

1
ln(Ce )  ln K F
nF

(5)

Among them, qe is the equilibrium adsorption
amount of unit adsorbent (mg/g); Ce is the equilibrium concentration of solution (mg/L); KF and nF are
Freundlich constants, which represent the adsorption
capacity and adsorption strength of the adsorbent,
respectively.

RESULTS AND DISCUSSION
Contact angle measurement results. We treat
the original sandstone core pieces in different concentrations of nano-microsphere fluids, then measure the contact angles of the water and oil phases on
the surface of the core pieces before and after the
treatment, draw the relationship curve between the
concentration and the contact angle, and analyze the
adsorption of nano-microsphere fluid concentrations
on the core and the influence law of contact angle. In
general, when the contact angle is greater than 90°,
the solid surface can be considered hydrophobic/oily. The contact angles of the water and oil
phases of the untreated initial sandstone surface are
23.88° and 1.81°, respectively, indicating that the
core is a strong liquid wet surface (Figure 1). After
the nano-microsphere fluid treatment, the contact angles of the water phase and the oil phase both increased significantly. The concentration of nano-microsphere fluid changes significantly on the contact

(2)

Among them, q(t) represents the adsorption
amount at time t; qe represents the adsorption amount
at adsorption equilibrium (mg/g); k1 is the rate constant of the pseudo-first-order kinetic model.
Pseudo-second order kinetic model (Pseudosecond order model): Pseudo-second order kinetic
model refers to a linear relationship between the reaction rate and the concentration of the two reactants. The linear expression of the model is:

t
q (t )

Ce
1

qm K L qm

Among them, qe is the equilibrium adsorption
capacity (mg/g) of unit adsorbent; qm is the maximum adsorption capacity (mg/g); Ce is the solution
equilibrium concentration (mg/L); KL is the equilibrium constant (L/mg).
The Freundlich model is an empirical formula
with no assumptions. It is usually applied to describe
isotherms with chemical and physical multilayer adsorption on heterogeneous surfaces. Its linearization
is expressed as:

Adsorption theory. (1) Adsorption kinetics.
The adsorption of nano-microsphere fluid on the
rock surface is a liquid-solid interaction, and the
study of adsorption kinetics helps to explain its adsorption mechanism on the quartz surface. The following adsorption kinetic models are commonly
used [16-17].
Pseudo-first order kinetic model (Pseudo-first
order model): Pseudo-first order kinetic model refers
to a linear relationship between the reaction rate and
the concentration of a reactant. The linear expression
of the model is [18]:

ln qe  q (t )
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(3)
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angle of the sandstone surface. As the concentration
increases, the contact angle increases rapidly. When
the concentration is 0.5%, the contact angle reaches
the maximum value. The contact angle in the water
phase is 123.19°, and the contact angle in the oil
phase is 106.56°. As the concentration continues to
increase, the contact angle decreases slightly, that is,
at this critical concentration, the nano-microsphere
fluid has the best effect on improving the core wettability.
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Adsorption kinetics. According to the established standard curve, kinetic adsorption experiments were carried out on four kinds of nano-micosphere fluids with initial concentrations (0.1%,
0.5%, 1%, 1.5%), and the adsorption time was up to
60 hours. The final adsorption value is the equilibrium adsorption amount on the surface of quartz
sand, and the kinetic adsorption simulation is performed using all data points of each concentration.
The adsorption kinetics of nano-microsphere fluid
on the surface of quartz sand was studied by measuring the adsorption amount of nano-microsphere
fluid on the solid surface and the change of adsorption time at different concentrations. The results of
the adsorption experiment are shown in Figure 3. It
can be seen that as the adsorption time increases, the
adsorption amount gradually increases. At different
concentrations, the growth trend of each adsorption
curve is similar. The curve can be divided into three
stages, namely steep increase stage, transition stage
and platform stage. In the early stage of adsorption,
the adsorption amount increased rapidly with time,
then the growth trend gradually slowed down, and
finally reached equilibrium.

Adsorption experiment results. Spectrophotometric method was used to determine the concentration of nano-microsphere fluid. The 252nm was
chosen as the detection wavelength, at which there is
maximum absorption. At this wavelength, the absorbance of fluids with different concentrations of
nano-microspheres was measured, and the relationship curve between absorbance and concentration
was drawn and linearly fitted. The standard curve
was shown in Figure 2 and the correlation coefficient
reached 0.9997.

FIGURE 1
Water/oil phase contact angle of core sheet
after nano-microsphere fluid treatment.

FIGURE 2
Standard curve of concentration
and absorbance.

FIGURE 3
Adsorption capacity vs. time curve.
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TABLE 1
Dynamic model fitting parameters
Model
Pseudo first-order
kinetic model
Pseudo-second-order
model

Parameters
qe
k1
R2
qe
k2
R2

0.1%
4.2482
0.0756
0.924
6.9541
0.0393
0.9978

Concentrations
0.5%
1.0%
10.7779
10.2636
0.16
0.1267
0.9316
0.9669
14.5773
17.4825
0.0210
0.0277
0.9954
0.9995

1.5%
9.7816
0.1168
0.9324
18.7266
0.0299
0.9996

FIGURE 4
Experimental data and kinetic model of nano-microsphere fluid adsorption on quartz sand surface.
Notes: (a) Pseudo first-order kinetic model, (b) Pseudo second-order kinetic model.

FIGURE 5
The relationship between the adsorption capacity and concentration.
In order to further study the adsorption mechanism, the pseudo -first-order kinetic adsorption and
pseudo-second-order kinetic adsorption models
were used to fit the adsorption experiment data. The
results are shown in Figure 4. The pseudo-first-order
kinetic model is drawn by the relationship of ln(qeqt)-t, and the pseudo-second-order kinetic model is
drawn by the relationship of t/qt-t. According to the
results, it can be clearly seen that the fitting accuracy
of the pseudo-second-order adsorption kinetic model
is higher than that of the pseudo-first-order adsorption kinetic model. According to the fitting results,

the relevant parameters of the two kinetic adsorption
models are calculated as shown in Table 1. The correlation coefficients of the pseudo-second-order kinetic model are all above 0.99, which can be considered as a complete match, while the correlation coefficient of the pseudo-first-order model is relatively
low. The equilibrium adsorption quantity qe calculated by the pseudo-second-order kinetic model is
also closer to the experimental results, thus, it can be
considered that the adsorption behavior of the nanomicrosphere fluid on the surface of quartz sand is
mainly chemical adsorption.
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TABLE 2
Fitting parameters of equilibrium adsorption isotherm model
Model
Parameter

qm
0.2128

Langmuir
KL
0.0371

R2
0.9954

nF
2.6110

Freundlich
KF
0.4868

R2
0.9792

FIGURE 6
Experimental data of equilibrium adsorption capacity and fitting result of isotherm model.
Notes: (a) Langmuir isotherm model, (b) Freundlich isotherm model.

Adsorption isotherm. The isothermal adsorption model can be used to evaluate the equilibrium
state of the adsorption process. According to the
equilibrium adsorption amount at different concentrations, the isothermal adsorption curve is shown in
Figure 5.
As the concentration increases, the equilibrium
adsorption amount first increases rapidly. When the
concentration reaches a certain level, the equilibrium
adsorption amount tends to stabilize, indicating that
the adsorption limit is reached.
Figure 6 shows the linear fitting results of the
experimental data of equilibrium adsorption capacity
using the Langmuir and Freundlich models. For the
Langmuir model, the Ce/qe - Ce relationship curve is
drawn, and the Langmuir isotherm parameters can be
calculated based on the slope and intercept of the obtained straight line. In the Freundlich model, the relationship curve between lnqe - lnCe is drawn to convert the exponential model into a linear form. According to the fitting results, the relevant parameters
of the two isothermal adsorption models were calculated and are shown in Table 2. Comparing the correlation coefficients of the fitting curves of the two
models, the fitting results of the Langmuir model are
more accurate. Therefore, in the concentration range
measured in this experiment, the adsorption of nanomicrosphere fluid on the surface of quartz sand is
mainly monolayer adsorption.

priming stage, slow self-priming stage, and stable
stage. In the initial period of self-priming, the rate of
infiltration is large, and the amount of self-priming
increases rapidly. As the time of self-priming increases, the rate of self-priming is increasing, and
then gradually increases slowly to stabilize. Compared with before and after the nano-microsphere
fluid treatment, the untreated core has a fast self-absorption rate and a large self-absorption amount. After the treatment, the core self-absorption rate and
self-absorption volume decreased significantly,
which is about half of the self-absorption liquid
amount before treatment. This study shows that after
the nano-microsphere fluid treatment, the wettability
of the inner wall of the core pore changes from
strong hydrophilic to non-wetting, the core capillary
force decreases, the capillary resistance of the fluid
in the pore is greatly reduced. Thus, the amount of
self-absorbed liquid decreased significantly.
Evaluation of adhesion. The greater the adhesion force on the solid surface, the stronger the retention ability of the liquid. By calculating the adhesion force, the wetting modification effect of the
nano-microsphere fluid on the quartz surface is evaluated. The adhesion force is related to the surface
tension of the liquid and the contact angle between
solid and liquid [16, 17], and its expression is as follows:
ܹ = ߛ + ߛௌ െ ߛௌ = ߛ (ܿ ߠ ݏ+ 1)
(6)
In the formula, WA is the adhesion force, ߛ is
the liquid surface tension, and SL is the solid-liquid
contact angle.

Core self-priming experiment. The relationship between the self-absorption volume and the
time change of the core before and after the nanomicrosphere fluid treatment was measured. The results are shown in Figure 7. The core self-priming
process can be divided into three stages: fast self-
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FIGURE 7
Relationship curve of core self-priming.
TABLE 3
Adhesion force of core after treatment with nano-microspheres with different concentrations
Concentration
(%)
0.00
0.10
0.30
0.50
1.00
1.50

Surface tension
(mN/m)
72
54.21
43.91
37.93
30.29
29.12

Contact angle
(°)
23.53
92.18
116.194
123.4
119.4
105.91

According to the calculation formula, the adhesion force between the core and water treated in different concentrations of nano-microsphere fluids is
obtained. The results are shown in Table 3. The adhesion increases rapidly with the increase of concentration. When the concentration is only 0.1%, the
viscosity decreases by more than 50% compared
with that without treatment. But as the concentration
increased to a certain degree, the decrease in adhesion gradually slowed down. When the final concentration reached 1.5%, the adhesion force was only
17.0503 mN/m. Therefore, nano-microsphere fluid
forms a hydrophobic layer on the surface of the core
through adsorption, which improves the wettability
of the core and greatly reduces the adhesion of the
solid to the liquid, thereby reducing the binding of
solid to water and the fluid.

Adhesion force
(mN/m)
138.0133
52.1479
24.5276
17.0503
15.42053
21.13742

with time, then the growth trend gradually slows
down, and finally reaches equilibrium. The fitting result of the pseudo-second-order kinetic model is
closer to the experimental value.
(3) The equilibrium adsorption results show
that the equilibrium adsorption amount increases
rapidly as the concentration increases. When the
concentration reaches a certain level, the equilibrium
adsorption amount tends to be stable, indicating that
the adsorption limit is reached. The equilibrium adsorption process can be accurately fitted by the
Langmuir model.
(4) After the sandstone core is treated with
nano-microsphere fluid, the self-absorption volume
is significantly reduced, about half of the self-absorption liquid volume before treatment. This shows
that after the nano-microsphere fluid treatment, the
wettability of the inner wall of the core pore changed
from strong hydrophilic to non-wet, and the core capillary force decreased. The calculation results of the
adhesion force also showed that, when the nano-microsphere fluid concentration reached 1.5%, the adhesion decreased from the initial 138.0133 mN/m to
17.0503 mN/m.

CONCLUSIONS
(1) The concentration of nano-microsphere
fluid changes significantly on the contact angle of
the sandstone surface. As the concentration increases, the contact angle increases rapidly. When
the concentration is 0.5%, the contact angle reaches
the maximum value. As the concentration continues
to increase, the contact angle decreases slightly.
(2) The results of adsorption kinetics show that
at different concentrations, the growth trend of each
adsorption curve is similar. In the early stage of adsorption, the adsorption amount increases rapidly

ACKNOWLEDGEMENTS
This work was not supported by any funds. We
want to thank all the techniques who have helped this
research and all the authors of the references.

11410

© by PSP

Volume 29 – No. 12A/2020 pages 11404-11411

Fresenius Environmental Bulletin

[13] Liu, X., Kang, Y., Luo, P., and You, L. (2015)
Impact of fluoride on seepage ability of tight
sandstone gas. Acta Petrolei Sinica. 36(8), 9951003.
[14] Tsakiroglou, C., Terzi, K., Sikinioti-Lock, A.,
Hajdu, K., and Aggelopoulos, C. (2016) Assessing the capacity of zero valent iron nanofluids to remediate NAPL-polluted porous media.
Science of the Total Environment. 563-564,
866-878.
[15] Yu, Q., Zhang, R., Deng, S., Huang, J., and Yu,
G. (2009) Sorption of perfluorooctane sulfonate
and perfluorooctanoate on activated carbons and
resin: Kinetic and isotherm study. Water Research. 43(4), 1150-1158.
[16] Werner, A., Vink, S., Watt, K., and Jagals, P.
(2015) Environmental health impacts of unconventional natural gas development: A review of
the current strength of evidence. Science of the
Total Environment. 505, 1127-1141.
[17] Rafati, L., Ehrampoush, M., Rafati, A., Mokhtari, M., and Mahvi, A. (2017) Removal of ibuprofen from aqueous solution by functionalized
strong nano-clay composite adsorbent: kinetic
and equilibrium isotherm studies. International
Journal of Environmental Science and Technology. 15(10), 1-12.
[18] Thomas, A. and Hoon, S. (2010) Carbon dioxide
fluxes from biologically-crusted Kalahari sands
after simulated wetting. Journal of Arid Environments. 74(1), 131-139.
[19] Foo, K. and Hameed, B. (2010) Insights into the
modeling of adsorption isotherm systems.
Chemical Engineering Journal. 156(1), 2-10.
[20] =G]LHQQLFND$DQG-DĔF]XN%  7KHrelationship between the adhesion work, the wettability and composition of the surface layer in
the systems polymer/aqueous solution of anionic surfactants and alcohol mixtures. Applied
Surface Science. 257, 1034-1042.

REFERENCES
[1] Li, K. and Firoozabadi, A. (2000) Phenomenological Modeling of Critical Condensate Saturation and Relative Permeabilities in Gas/Condensate Systems. SPE Journal. 5(2), 138-147.
[2] Kewen, L. and Abbas, F. (2000) Experimental
study of wettability alteration to preferential
gas-wetting in porous media and its effects. SPE
Reservoir Evaluation and Engineering. 3(2),
139-149
[3] Jin, J., Wang, Y., and Ma, H. (2015) Mechanism
of core wetting inversion and water release lock
of air wet nano-SiO2 particles. Drilling Fluid
and Completion Fluid. 178(6), 9-14+115.
[4] Wang, Y., Jin, J., Dong, H., and Jiang, L. (2015)
Synthesis and performance evaluation of air
wetting reversal agent for water lock release.
Journal of Xi'an Shiyou University (Natural Science). 30(5), 85-90.
[5] Crow, D., Balcombe, P., Brandon, N., and
Hawkes, A. (2019) Assessing the impact of future greenhouse gas emissions from natural gas
production. Science of The Total Environment.
668, 1242-1258.
[6] Clancy, S., Worrall, F., Davies, R., and Gluyas,
J. (2018) The potential for spills and leaks of
contaminated liquids from shale gas developments. Science of The Total Environment. 626,
1463-1473.
[7] Dehghan Monfared, A., Ghazanfari, M., Jamialahmadi, M., and Helalizadeh, A. (2015) Adsorption of silica nanoparticles onto calcite:
equilibrium, kinetic, thermodynamic and DLVO
analysis. Chemical Engineering Journal. 281,
334-344.
[8] Gahrooei, E., Reza, H., and Mohammad Hossein, G. (2017) Application of a water based
nanofluid for wettability alteration of sandstone
reservoir rocks to preferentially gas wetting
condition. Journal of Molecular Liquids. 232,
351-360.
[9] Xia, Y., Yang, Z., Zhang, R., Xing, Y., and Gui,
X. (2019) Enhancement of the surface hydrophobicity of low-rank coal by adsorbing DTAB:
An experimental and molecular dynamics simulation study. Fuel. 239, 145-152.
[10] Huang, X., Li, A., Li, X., Liu, Y. (2019) Influence of Typical Core Minerals on Tight Oil Recovery during CO2 Flooding using NMR Technique. Energy and Fuels. 33(8), 7147-7154.
[11] Sheng, G., Zhao, H., Su, Y., Javadpour, F.,
Wang, C., Zhou, Y., Liu, J., and Wang, H. (2020)
An analytical model to couple gas storage and
transport capacity in organic matter with noncircular pores. Fuel. 268, 117288.
[12] Li, P. (2020) Preparation of A Novel Nano Polymer Emulsion Plugging Agent Using in Drilling Fluids for Shale Gas Exploration. Fresen.
Environ. Bull. 29, 1798-1803.

Received:
Accepted:

25.06.2020
10.08.2020

CORRESPONDING AUTHOR
Changhua Yang
Petroleum Engineering Institute
Xi'an Shiyou University
Xi’an, Shaanxi, 710065 – China
e-mail: ych569@126.com

11411

© by PSP

Volume 29 – No. 12A/2020 pages 11412-11419

Fresenius Environmental Bulletin

CO2 FROM AGRICULTURE, ENERGY CONSUMPTION
FROM AGRICULTURE AND
ECONOMIC GROWTH IN OECD
Mehmet Arif Sahinli
Ankara University, Faculty of Agriculture, Department of Agricultural Economics, Ankara 06110, Turkey

and pose a serious threat to humanity. In the world
where demand and consumption are increasing, the
construction of livable cities is becoming increasingly important with sustainable environment and
natural resource management [2].
There have been some studies relating to energy consumption and GDP nexus within a panel
framework [3-5]. Climate change, accelerated by
high greenhouse gas emissions, appears to cause increased natural disasters and pose a serious threat to
humanity. According to the “Eleventh Development
Plan estimates”, CO2 Emissions evaded by the
Newly Established Renewable Power Plants are targeted at 18 (Million Tons, Cumulative) by the year
2023 [6]. Lin et. al. (2008) in their work, CO2 emissions target for China was 1.5 billion tonnes by 2010
according to the 11th five-year Plan [7]; WCED
(1987) emphasized that, this underlining phenomenon could result in devastating problems which
could negatively affect the international agriculture
trade system [8]; Adeel et al. (2018) indicates that
conservation agriculture could also play major role
in reducing soil carbon emission from agricultural
sector [9]; Wisniewski and Kistowski (2017) presented proposals can be a model solution for the
recognition of agriculture and rural areas in low carbon economy plans which are being prepared by local government units [10].
Deacon and Norman (2004) in their work found
that, environmental improvement comes with economic growth [11]; Grossman and Krueger (1995);
Selden and Song (1994); Shafik and Bandyopadhyay
(1992) explained that, technological improvement
has a reduction effect on energy intensity [12-14];
Lucena (2005) stressed that after an economy attains
a particular level of per capita income, the quality of
environment is bound to improve in line with economic growth [15]; Grossman and Krueger (1991)
emphasized on the existence of a connection between the quality of an environment and growth of
its economy [16]; Shafik and Bandyopadhyay (1992)
in their studies examined CO2 emissions and GDP
relations and found a linear relationship between
these

ABSTRACT
The presence of Greenhouse gases in the atmosphere are the causes of greenhouse effect which
subsequently leads to global warming. Consequently, the causal relationship between CO2 emissions, energy consumption and Gross Domestic
Product per capita as a result of agricultural activities
are examined by means of a panel data for OECD
countries over the period 1995-2015. In order to determine the unit root, different tests such as Im, Pesaran and Shin W-stat (IPS) and Breitung t-stat (BT)
are used. The Johansen and Pedroni panel cointegration tests confirmed which of the variables were
cointegrated. The long-run relationships from the
panel data are estimated by Panel Dynamic Ordinary
Least Squares (DOLS). According to the expectations, there is a statistically significant positive relation between energy consumption and CO2 emissions. There is an evidence of unidirectional Granger
causality that runs from energy consumption and
CO2 emissions to a long run economic growth.

KEYWORDS:
OECD countries, CO2 emissions, Energy consumption,
Economic growth, Panel data analysis

INTRODUCTION
Ecology is a Greek word oikos and logos that
means respectively household and study. According
to the dictionary definiton of this word, a branch of
science concerned with the interrelationship of organisms and their environments [1]. Rapid population growth, urbanization, economic activities and
diversified consumption habits increase the pressure
on the environment and natural resources. Environmental problems such as environmental pollution,
climate change, desertification, deforestation, biodiversity loss and drought affect human life and development process more clearly every day. Climate
change, accelerated by high greenhouse gas emissions, appears to cause increased natural disasters
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TABLE 1
Explanation of the Variables
Explanation
Carbon dioxide (CO2) (tonnes of CO2 equilavent (in thousands)
GDP per capita (constant 2010 US $)
Energy consumption (in metric tonnes) (tonnes of oil equilavent (in thousands)

Institution
UNFCCC
WB
IEA

Framework Convention on Climate Change (UNFCCC) [28] and International Energy Agency (IEA)
[29]. In this study, we determined CO2 emissions (in
metric tonnes) as a dependent variable. This variable
is very crucial as a component for the emergence of
greenhouse effect. Kaufmann et al. (1998) emphasized the linkage between the CO2 emissions and
levels of economic activity [30]. It is for this reason
that; these variables are selected in this study. Description of the variables is written in Table 1.

variables [14]; Moomaw and Unruh (1997; HoltzEakin and Selden (1995) found a look-like N shaped
function that both of these studies have a positive impact on the related literature, discharge of CO2 and
GDP [17-18].
EC, emissions of CO2 and GDP are considered
as new research area within a Granger causality multivariate approach [19] Malaysia [20] and France
[21]. Economic growth and environmental pollution
panel based Granger causality as examined in their
studies [22]. GDP and energy consumption nexus
panel-based Granger causality as examined in their
studies [23] [4] [5] [24] [25].

The model. In this study, a measure of Carbon
dioxide (CO2) represents the dependent variable,
whereas Energy consumption (EC) and GDP per
capita are used as independent variables. This paper
follows the recent studies on energy consumption
and environmental pollution ligament. The long-run
association between CO2, EC and GDP is specified
as given below:
ܿ2௧ = ߚ௧ + ߚଵ ݃݀௧ + ߚଶ ݃݀௧ଶ +
(1)
ߚଷ ݁ܿ௧ + ߝ௧
In the panel, for each country, i = 1, ...,34, t =
1995, …,2015 denotes time period. ܿ2 denotes
emissions of carbon dioxide, ec denotes energy consumption, ݃݀ denotes a constant Gross Domestic
Product (GDP) and ݃݀ଶ is the square of GDP.
ߚଵ , ߚଶ ܽ݊݀ ߚଷ stand for the long-run elasticity estimates of co2 emissions with reference to gdp, gdp
square and energy consumption, respectively.

MATERIALS AND METHODS
Objective. In particular, this study’s aim is to
test whether or not a long-run link exists between energy consumption, CO2 discharge and GDP. Subsequently, this study is divided into four segments. The
second segment elaborates on the data and the model
employed. The third segment elaborates on some
econometric models and approximations for determining the link between EC, CO2 and GDP. Fourth
segment expresses and explains the given results.
The last section consists of the conclusions and policy implications with the interpreted results.
Data source. In this paper, the relationship between EC, CO2 emission and GDP is examined for
OECD countries spanning the period; 1995-2015.
Panel unit root, panel cointegration, Granger causality and long-run structural estimation are implemented in this study. The OECD countries are given
as follows, respectively: United States, Australia,
Portugal, Greece, Austria, Spain, Belgium, Canada,
Czech Republic, Sweden, Denmark, United Kingdom, Estonia, Turkey, Netherlands, Finland, Slovak
Republic, France, Germany, Norway, Hungary, Iceland, Italy, Japan, Latvia, Luxembourg, New Zealand, Chile, Poland, Slovenia, Mexico, Ireland, Switzerland, and Lithuania. Organization for European
Economic Cooperation (OEEC) was established in
1948. As at now, the OECD has 39 member countries. OECD’s trade and investment share makes up
80% of world trade. China has the highest absolute
emissions of CO2 from both a demand and a production perspective [26].
The sample contains data over the period 19952015 for OECD countries. The source of the database is the World Bank (WB) [27], United Nations

ECONOMETRIC MODEL
There are two hypotheses in this study; one of
them is to determine the long-run link between CO2,
EC and GDP. The other hypothesis is to determine
the dynamic casual associated with the variables.
Test procedure has the following phases: First
phase tests unit root for the variables. Second phase
tests the long-run link between the variables. Third
phase emphasizes on the estimation of the Eq. (1) by
employing a long-run estimator. The last step estimates a panel vector error correction model (VECM)
and Granger causality allying the variables.
The Panel unit root tests. Here, the panel unit
root test which was proposed by Im et al. (2003) and
Breitung (2000) are employed [31-32]. Im et al.
(2003) proposed the t-bar test and t-bar statistic as
given below [31]:
 ݐെ ܾܽ = ݎξܰ( ןݐെ ܭ௧ )/ඥݒ௧
(2)
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Here, N: represents size of the panel;  ןݐ: represents average individual ADF t-statistics for each of
the countries under study, with and without a trend;
ܭ௧ : represents estimates of the mean of each ןݐ ; ݒ௧ :
represents estimates of the variance of each ןݐ .
Breitung (2000)’s proposed hypothesis test is
explained in here [32]:
ାଵ
(3)
ܪ : σୀଵ ߚ െ 1 = 0
ାଵ
ܪ : σୀଵ ߚ െ 1 < 0 for all values of i.
The transformed vectors for construction of the
test statistic as proposed by Breitung (2000) [32]:
כ
כ
כ
]Ԣ
(4)
, ݕଶ
, … , ݕ்
ܻܻܣ = כ = [ݕଵ
כ
כ
כ
כ
[ݔ
(5)
ܺ = ܺܣ = ଵ , ݔଶ , … , ݔ் ]Ԣ
Leading to the following test statistic is given
below:
ߣ =

షమ כᇲ כᇲ
σಿ
సభ ఙభ  
כ
షమ כᇲ ᇲ
ටσಿ
సభ ఙభ   
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οܥܧ௧ = ߨଶ +  ߨଶଵ οܱܥ2௧ି


+  ߨଶଶ οܥܧ௧ି


+  ߨଶଷ οܲܦܩ௧ି


+  ߨଶସ οܲܦܩଶ ௧ି


+ ߰ଶ ܶܥܧ௧ିଵ + ߝଶ௧
οܲܦܩ௧ = ߨଷ +  ߨଷଵ οܱܥ2௧ି


+  ߨଷଶ οܥܧ௧ି


+  ߨଷଷ οܲܦܩ௧ି

(6)



This distribution has a standard normal distribution. Hlouskova and Wagner (2006) found that
[33], Breitung (2000)’s panel unit root test takes
good indicators that has high power [32] and small
size distortions Narayan and Smyth (2009) [34].

+  ߨଷସ οܲܦܩଶ ௧ି


+ ߰ଷ ܶܥܧ௧ିଵ + ߝଷ௧
ο ܲܦܩଶ ௧ = ߨସ +  ߨସଵ οܱܥ2௧ି


Panel cointegration test. Maddala and Wu
(1999) proposed Johansen type panel cointegration
test and was used here to examine elaborately if there
is a long run link between the variables [35]. The
Chi-square Statistics’ value is based on the MacKinnon et al. (2001)’s p-values for Johansen's cointegration trace and maximum eigenvalue tests [36].
Pedroni (2000) gives seven panel cointegration
statistics from which four statistics are based on the
“within dimension” tests, while the remaining three
statistics are based on the “between dimension” or
“group statistics” approximations [37].

+  ߨସଶ οܥܧ௧ି


+  ߨସଷ οܲܦܩ௧ି


+  ߨସସ ο ܲܦܩଶ ௧ି


+ ߰ସ ܶܥܧ௧ିଵ + ߝସ௧ (7)
The error correction term (ECT) is explicitly
given:
௧ = ܱܥ2௧ െ ߙො െ ߚመଵ ܲܦܩ௧ െ
ܶܥܧ
ߚመଶ  ܲܦܩଶ ௧ െ ߚመଷ ܥܧ௧
(8)
Here CO2, GDP, GDP2 and EC have already
been defined earlier. ο however, denotes the first difference between the variables. ECT denotes Error
Correction Term. p denotes the lag length. The optimal lag length has been automatically determined by
the Schwarz Information Criteria (SIC).

Panel long-run estimations. Pedroni (2001)
proposed a panel version of Dynamic Ordinary Least
Squares (DOLS) and this method was used for the
estimation of the long-run cointegrating relationship
between the variables used by Eq. (1) [38]. During
the estimations, ݕ௧ =ן + ߚ ܺ௧ + ߤ௧ regression is
considered with the explanation that ݕ௧ is CO2 and
X represents the vectors of EC, GDP and GDP2.
Panel Granger causality. Here the Granger
causality test is explained as follows:
οCO2௧ = ߨଵ +  ߨଵଵ οܱܥ2௧ି


+  ߨଵଶ οܥܧ௧ି


+  ߨଵଷ οܲܦܩ௧ି


+  ߨଵସ οܲܦܩଶ ௧ି


+ ߰ଵ ܶܥܧ௧ିଵ + ߝଵ௧
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Statistics
Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque-Bera
Probability
Sum
Sum Sq. Dev.
Observations

Fresenius Environmental Bulletin

TABLE 2
Descriptive statistics
LEC
4.451743
4.366516
6.197579
3.160959
0.617683
0.378275
3.179082
17.98207
0.000125
3178.544
272.0322
714

LCO2
2.209909
2.293748
4.011106
-1.214670
0.951032
-1.060331
4.841843
234.7154
0.000000
1577.875
644.8816
714

LGDP
4.454831
4.560698
5.049095
3.710904
0.303682
-0.452150
2.231268
41.90905
0.000000
3180.749
65.75485
714

LGDPKARE
8.909661
9.121397
10.09819
7.421808
0.607364
-0.452150
2.231268
41.90905
0.000000
6361.498
263.0194
714

Notes: L denotes the log values for the variables

TABLE 3
Results of panel unit root tests
Unit root test
LEVEL
Im, Pesaran and Shin W-stat (IPS)

LCO2

LEC

LGDP

LGDP2

-4.18792*

-0.39701

1.52266

-0.01651

Breitung t-stat

-0.40983

3.87947

0.42197

-0.94495

FIRST DIFFERENCE
IPS

-19.8824*

-19.9384*

-7.70268*

-6.03928*

Breitung t-stat

-10.7608*

-8.18872*

-6.58087*

-5.44948*

Notes: * denotes statistical significance at 5% level. During the tests, individual trends and intercept for each series are implemented. SIC is used to select the lag length

TABLE 4
Johansen Fisher panel cointegration test - Unrestricted Cointegration Rank Test (Trace and Maximum
Eigenvalue)
Hypothesized
Fisher Stat.*
Fisher Stat.*
No. of CE(s)
(from trace test)
Prob.
(from max-eigen test)
Prob.
None
522.0
0.0000
373.6
0.0000
At most 1
245.4
0.0000
175.3
0.0000
At most 2
136.3
0.0000
126.6
0.0000
At most 3
73.23
0.3104
73.23
0.3104
* Probabilities are computed using asymptotic Chi-square distribution

contained in each of the variables. This result gives
information about the cointegration relationship between the variables.

RESULTS
Descriptive statistics are presented in Table 2.
As indicated below, the data are scattered around the
mean.

Panel cointegration results. The panel cointegration results are given in Table 4. Here, we use one
lag and indicate the existence of a single cointegrating vector. Results of the panel cointegration were
the same when two lags were implemented.
Table 5 below reports the Pedroni coingration
test results. Panel PP, Panel ADF, Group PP, Group
ADF calculated values are relatively greater as compared to the critical values. This result explains the
rejection of the null hypothesis implying no cointegration. Panel PP, Panel ADF, Group PP, Group
ADF statistics revealed negative values and with associated probabilities baring value less than

Panel unit root tests results. Reported in Table 3 are the panel unit root tests results for the studies conducted by Im et. al. (2003) [31] and Breitung
(2000) [32]. CO2, GDP, GDP2 and EC test statistics
are statistically insignificant except for Im et. al.
(2003)’s test which applied to CO2 level [31].
For each of the four variables of measure, both
of the two tests reject the joint null hypothesis at 5%
level for the first difference amongst them. Results
of the two tests imply that there is a panel unit root
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TABLE 5
Pedroni Residual Cointegration Test results
Alternative hypothesis: common AR coefs. (within-dimension)
Weighted
Statistic
Prob.
Statistic
Panel v-Statistic
-3.507128
0.9998
-4.740225
Panel rho-Statistic
1.518307
0.9355
0.616371
Panel PP-Statistic
-6.877399
0.0000
-11.95728
Panel ADF-Statistic
-7.245322
0.0000
-11.52174
Alternative hypothesis: individual AR coefs. (between-dimension)
Statistic
Prob.
Group rho-Statistic
2.149214
0.9842
Group PP-Statistic
-17.19313
0.0000
Group ADF-Statistic
-11.44728
0.0000
TABLE 6
Dynamic Ordinary Least Squares Results
Dependent Variable: LCO2
Coefficient
Std. Error
t-Statistic
LEU
1.174789
0.078074
15.04710
LGDP
-1.146603
0.224171
-5.114865
LGDPKARE
0.103785
0.038723
2.680211
R2
0.916020
Mean dependent var
Adj. R2
0.830654
S.D. dependent var
S.E. of regression
0.390770
SSR
Long-run variance
0.150194

Prob.
1.0000
0.7312
0.0000
0.0000

Prob.
0.0000
0.0000
0.0078
2.209506
0.949586
46.26844

TABLE 7
DH Panel Causality Tests
Sample: 1995 2015
Lags: 1
Null Hypothesis:
LEU * LCO2
LCO2 * LEU
LGDP * LCO2
LCO2 * LGDP
LGDPKARE * LCO2
LCO2 * LGDPKARE
LGDP * LEU
LEU * LGDP
LGDPKARE * LEU
LEU * LGDPKARE
LGDPKARE * LGDP
LGDP * LGDPKARE

W-Stat.
1.95515
1.63763
3.57082
1.76680
3.57420
1.75579
4.19053
1.42964
4.20064
1.42827
2.09384
2.08684

Zbar-Stat.
2.69498
1.65374
7.99319
2.07732
8.00430
2.04120
10.0254
0.97167
10.0586
0.96719
3.14978
3.12681

Prob.
0.0070
0.0982
1.E-15
0.0378
1.E-15
0.0412
0.0000
0.3312
0.0000
0.3334
0.0016
0.0018

Notes: (*) denotes a non-homogeneously cause

Panel Granger causality results. Pairwise Dumitrescu Hurlin (DH) causality results are reported in
Table 7. According to the results, there exist a causal
link between CO2 and EC. There exist a long-run bidirectional panel Granger causality running from EC
and CO2 to GDP.

0.05. According to this result, there exists a long-run
cointegration relationship between the variables.
Panel long run estimation results. DOLS results are presented in Table 6 for Eq. (1). For the
OECD countries all respective coefficients showed
the expected sign and were significant at a 5% level.
The results of the panel revealed an increase in CO2
emissions per capita of 1.175% for every 1% increase in OECD. Subsequently, a 1% decrease in
GDP is associated to an increase in CO2 emissions
per capita of -1.146%.

CONCLUSION
This study examined the relationship associated with EC, CO2 omission and GDP for OECD
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countries spanning the period; 1995-2015. The stationarity of data was tested by Breitung (2000) [32]
and Im et. al. (2003) [31]. This assessment was then
preceeded by the Pedroni panel cointegration statistics as well as the Johansen cointegration tests which
confirmed a cointegrating relationship among the
variables.
The DH causality test was implemented to determine the causality between the variables. DOLS
method was implemented to check the robustness of
the long-run association.
All important findings are determined in this
study:
(1) We can proof our hypotheses from panel
data estimates suggest that the relationship between
EC and CO2 have largely been positive. CO2 are an
important factor for global warming. The results
from the DOLS long-run estimates indicate that for
the panel as a whole, an increase in CO2 emissions
per capita of 1.175% for energy 1% increase in
OECD. And, 1%1 decrease in GDP is associated to
an increase in CO2 emissions per capita of -1.146%.
In 2010 global energy-related carbon-dioxide
(CO2) emissions reached an all-time high of 30.6 gigatonnes (Gt) despite the recent economic crisis. The
Environmental Outlook Baseline scenario envisages
that without more ambitious policies than those in
force today, green house gas emissions will increase
by another 50% by 2050, primarily driven by a projected 70% growth in CO2 emissions from energy
use. This is primarily due to a projected 80% increase in global energy demand. Transport emissions
are projected to double, due to a strong increase in
demand for cars in developing countries. Historically, OECD economies have been responsible for
most of the emissions. In the coming decades, increasing emissions will also be caused by high economic growth in some of the major emerging economies Marchal (2011) [39].
(2) This study employs EC as a factor for energy use and CO2 emission as a factor for environmental degradation. Bidirectional Granger Causality
between CO2 emission, EC and GDP. Namely, a
long-run bidirectional panel Granger causality running from EC and CO2 to GDP. There are two reasons in line with this situation. One of them is energy
is an input for an expansion of GDP. Second, as
growing GDP, increases CO2 emission. Peng et al.
(2019) indicate that there is a long-term relationship
between forests, renewable energy and carbon emissions in China and India [40]. Dogan and Kan (2018)
found that the relationship with CO2 emissions of
energy use, GDP, agricultural area size and population in Turkey was examined and the variables have
cointegrated in the long run [41].
(3) In this study, used variables are new and the
researcher contributes to literature via the application of panel data techniques for the 34 OECD countries in the long run. Existing relationships among

Fresenius Environmental Bulletin

Economic growth, environmental pollutant emissions and other relevant variables such as urbanization and commodity prices would be to examine in
subsequent research.
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ABSTRACT

INTRODUCTION

The ecological environment is the main material source of human survival and development. It
bears the wastes and various effects of human activities. A good ecological environment is the most
important prerequisite for human development, and
it is also the basic condition for human survival and
social stability. However, the current national ecological and environmental problems are becoming
more and more serious. Although the current environmental conditions are partially improving, the
overall situation is deteriorating. The speed of governance is far behind the speed of destruction. The
harm is also becoming more obvious. This paper
studies design of English translation curriculum
based on the ecological education and introduces a
coordinated development model. The results of the
study show that: to solve the increasingly serious
ecological and environmental problems, the construction of ecological civilization is necessary. At
the same time, the development of my country's
economy, the progress of science and technology,
the improvement of laws and regulations, and the
improvement of social environmental protection
awareness have made the construction of ecological
civilization feasible. Therefore, it is necessary to
strengthen the construction of ecological civilization by optimizing the pattern of land and space
development, adjusting the structure of energy utilization, comprehensively promoting resource conservation, strengthening the construction of an ecological civilization system, continuously strengthening ecological environmental protection, and
changing the mode of economic growth, so as to
provide effective ways to solve environmental
problems.

The ecological environment is the main material source for human survival and development [1].
It bears the waste and various effects of human activities. A good ecological environment is the most
important prerequisite for human development, and
it is also the basic condition for human survival and
social stability. Since the reform and opening up,
the population has increased rapidly, resulting in
large-scale ecological damage and very serious
ecological and environmental pollution [2-5]. Facing the severe situation of tight resource constraints,
serious environmental pollution, and degradation of
ecosystems, it is necessary to establish an ecological civilization concept that respects nature, adapts
to nature, and protects nature, places ecological
civilization construction in a prominent position,
and integrates economic construction, political construction, and culture all aspects and the whole
process of construction and social construction
[6-11]. Since the 18th National Congress of the
Communist Party of China, as the construction of
ecological civilization has been incorporated into
the overall layout of the five-in-one, the concepts of
health, beauty and sustainability have gradually
penetrated into the hearts of the people. In addition,
the state and the government have promulgated a
series of policies and regulations to strengthen the
construction of ecological civilization, and put forward the goal of building a beautiful China.

MATERIALS AND METHODS
Research area. Xi'an is the capital city of
Shaanxi Province, a sub-provincial city, a mega-city,
and the core city of the Guanzhong Plain urban
agglomeration. It is an important central city in
western China identified by the State Council and
an important national scientific research, education,
and industrial base. As of 2019, the city has 11 districts and 2 counties under its jurisdiction, with a
total area of 10,752 square kilometers, a built-up
area of 729.14 square kilometers, a permanent population of 10.203 million, an urban population of

KEYWORDS:
Coupling evaluation, English translation, Environment,
Ecological civilization, Economy development
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7.612 million, and an urbanization rate of 74.61%.
In 2019, Xi'an achieved a GDP of 9.32119 billion
yuan, which is a 7.0% year-on-year increase at
comparable prices. In terms of industries, the added
value of the first industry was 27.913 billion yuan,
an increase of 4.3%; the added value of the second
industry was 316.744 billion yuan, an increase of
7.6%; the added value of the tertiary industry was
587.462 billion yuan, an increase of 6.8%.
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cial administrative regions, the provinces with the
most serious soil erosion counties are Sichuan
Province, 97; followed by Shanxi Province, 84;
followed by 63 in Shaanxi Province, 52 in Inner
Mongolia Autonomous Region, and 50 in Gansu
Province. Soil erosion is not only the main form of
land degradation and ecological deterioration, but
also a concentrated reflection of the degree of land
degradation and ecological deterioration. The impact on economic and social development is multifaceted, global, and far-reaching, and even irreversible.

Data Sources. The data collected in this article mainly involves the following parts: urbanization rate of resident population, year-end resident
population, per capita GDP, investment in fixed
assets, green coverage of built-up areas, built-up
area, total agricultural population, total registered
population, employment in secondary and tertiary
industries The data of the total number of employees, the total number of employees in the whole
society, the gross regional product, the total area of
the administrative area, the green area of the
built-up area of the city and the comprehensive
utilization rate of industrial solid waste are derived
from the "Statistical Yearbook" of 2009-2018.

The area of desertification continues to expand. China is one of the countries most affected
by desertification in the world. The desert, Gobi,
and desertified lands in the northern region have
exceeded 1.49 million km2, accounting for 15.5%
of the country's total land area. In the 1980s, desertified land expanded at an average annual growth
rate of 2100 km2. In the past 25 years, 39,000 km2
of land have been lost. At present, there are about
3.9333 million km2 of farmland, 4.9333 million
km2 of grassland, more than 2,000 km of railways,
and many towns, industrial mines, and villages are
threatened by desertification. Desertification land is
not only large in area, but also changes in development. While land desertification is developing rapidly, various geological disasters related to it frequently occur.

RESULTS AND DISCUSSION
Increased soil erosion. my country is one of
the countries with the most serious soil erosion in
the world. Soil erosion is directly related to national
ecological security, flood control security, food
security and drinking water security. Due to special
natural geography and socio-economic conditions,
most provinces and regions across the country have
different levels of soil erosion. According to the
remote sensing survey, the existing soil erosion area
in the country reached 3.57 million km2, accounting for 37.2% of the country's land area. Soil erosion not only occurs extensively in rural areas, but
also in towns and industrial and mining areas, almost every river basin and every province. From
the perspective of the distribution of the three major
regions in the east, middle and west of China, the
area of soil and water loss in the eastern region is
91 thousand km2, accounting for 2.6% of the country; the central region is 511,500 km2, accounting
for 14.3% of the country; the west The area is
2,966,500 km2, accounting for 83.1% of the country. According to the comprehensive judgment of
the proportion of soil erosion area to the national
land area and the intensity of erosion, there are 646
counties with serious soil erosion in my country.
Among them, 265 in the Yangtze River Basin, 225
in the Yellow River, 71 in the Haihe River, and 44
in the Songliao River
Accounting for 41.0%, 34.9%, 11.0% and
6.8% respectively. From the perspective of provin-

Accelerated extinction of biological species.
my country is one of the 12 countries with the richest biodiversity in the world. It has various types of
terrestrial ecosystems. The number of species ranks
first in the northern hemisphere countries. It is one
of the four centers of origin of genetic resources in
the world. However, while occupying abundant
biodiversity resources, China is also facing tremendous pressure to protect species. China is a
country with serious damage to biodiversity. The
loss and fragmentation of biological habitats, habitat degradation, overexploitation of resources and
invasion of alien organisms have made China’s
higher plants endangered or nearly endangered species reaching 4000-5000 Species, accounting for
about 15%-20% of the total number of species
owned by China, higher than the world average of
10%-15%.
Serious air pollution. In recent years, although my country’s air pollution prevention and
control work has achieved great results, due to various reasons, the situation facing my country’s atmospheric environment is still very grim, and the
total amount of air pollutant emissions remains high.
It is understood that in 2011, China's annual sulfur
dioxide emissions were as high as 18.57 million
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7.8×107 hm2. By the end of the 1990s, it was
available The area of grassland is only 3.8×107 hm2.
In the 1990s, the grassland degradation area of 12
provinces (regions) in the north accounted for
50.24% of the total grassland area in the area. It has
developed to a belt-like and sheet-like degradation
stage, and the degree of degradation is continuously
increasing. 2.35×106hm2 grassland has become
desertified land. At the same time, salinization occurred in large areas in the northeast Songnen
grassland, western Inner Mongolia, Xinjiang, Gansu, Qinghai and other arid desert areas, oasis margins, and flooded irrigation grasslands. The current
area has reached 9.3×106 hm2. Compared with the
1950s, grassland production in my country has decreased 30%-50%.

tons, soot was 11.59 million tons, and industrial
dust was 11.75 million tons. Air pollution was still
very serious.
The atmospheric environmental quality of
most cities in the country exceeds the national
standard. About 47% of the 47 major cities in the
country have more than 70% of the urban air environment quality not meeting the national secondary
standard. Of the 338 cities participating in environmental statistics, 137 The air quality of each city
exceeds the national third-level standard, accounting for 40% of the statistical cities, and is a heavily
polluted city. In 2011, the World Health Organization announced the average annual concentration
distribution of respirable particulate matter in 1082
cities in the world from 2008 to 2010. my country's
32 key cities participated in the ranking. The best is
Haikou, ranking 814, and the rest are after 890.

Spatiotemporal variation characteristics of
coordination. The study uses the five-dimensional
urbanization level score and comprehensive system
score for the past 10 years as panel data, and uses a
complex spatio-temporal system coordination model to evaluate the coordinated development of Xi'an
urbanization from 2006 to 2014. According to different levels, the distribution of urbanization coordinated development levels of different dimensions
in different years is shown in Figure 1. It shows that
urbanization is in the coordination phase from 2006
to 2010, and is in a good coordination phase from
2011 to 2014.

Grassland is seriously degraded. Among the
nearly 400 million hm2 of natural grasslands in
China, about 90% of the available grasslands are
currently degraded to varying degrees, and they are
degraded at an annual rate of 2×106 hm2. Studies
have determined that in the past 5 years, the grassland in the northern arid areas of my country has
decreased by 5.49×104 km2 compared with the past.
Among them, the coverage in the 5%-20% area has
been significantly reduced. For example, the Inner
Mongolia Autonomous Region was once one of the
most important natural pastures in China. In the
1960s, the grassland area of the whole region
reached 8.8×107 hm2, and in the 1980s there was

(a)
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(b)

(c)

(d)
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(e)

(f)
FIGURE 1
Spatiotemporal variation characteristics of coordination

ecological civilization feasible. Therefore, it is necessary to strengthen the construction of ecological
civilization by optimizing the pattern of land and
space development, adjusting the structure of energy utilization, comprehensively promoting resource
conservation, strengthening the construction of an
ecological civilization system, continuously
strengthening ecological environmental protection,
and changing the mode of economic growth, so as
to provide effective ways to solve environmental
problems.

CONCLUSION
This paper studies design of English translation curriculum based on the ecological education
and introduces a coordinated development model.
The results of the study show that: to solve the increasingly serious ecological and environmental
problems, the construction of ecological civilization
is necessary. At the same time, the development of
my country's economy, the progress of science and
technology, the improvement of laws and regulations, and the improvement of social environmental
protection awareness have made the construction of
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ABSTRACT
The current use of area transfer and landscape
index methods are affected by spatial discontinuity
data, which leads to irrational distribution of geographic labels in tourist areas. The scale and pattern
of tourism areas analyzed from the perspective of
landscape spatial ecological heterogeneity are studied based on landscape spatial ecological heterogeneity. The degree of coordination of geographic label distribution in tourist areas and the relationship
between ecosystem service value and landscape index are used to determine highly concentrated landscape pattern information. The comprehensive benefit is evaluated and the proportion of the index value
is calculated to construct a coupling coordination degree model, quantify the coordination relationship
between the geographical label distribution and environment in different regions at different travel
times, and determine the coupling coordination degree. This article takes Shandong Province as an example for analysis. The results show that the geographic label distribution of the tourist area as a
whole shows spatially uneven characteristics, and
the geographic label distribution shows local spatial
aggregation characteristics at various spatial scales
and temporal relationships. The observation values
of the historical genetic landscapes in Phase 2 are
obviously increased, and the distance from the upper
and lower envelopes is far, indicating that the study
of historical genetic landscapes is more obvious than
the distribution of forest land geographic labels. Of
all the distances, only the observations at the starting
position in 2013 appear between the upper and lower
envelopes, but not in 2019. It can be seen from this
that the distribution characteristics of the geographical labels of the historical genetic landscape in
Phase 2 show the opposite characteristics at 1km. At
different distances, the observed value in 2019 is
larger than that in 2013, showing that the distribution
characteristics of geographical labels of historical
genetic landscapes are obviously strengthened, and
do not tend to be evenly distributed.

INTRODUCTION
The research on tourism landscape is increasing year by year, but it is mainly concentrated on
tourism development and sustainable development.
To study "tourism landscape" from the perspective
of landscape ecology is still in the concept introduction stage [1-3]. At present, the research on the landscape pattern of forest land mainly focuses on the
area transfer and index change of the tourist area.
Among them, the area transfer is to simulate the
change trend of the future landscape pattern by
building a model [4]. Although some of the data used
in the analysis can show the spatial pattern and scale
dependence, the landscape heterogeneity is low. The
fundamental reason is that geographic data analysis
is based on related spatial continuity variables and is
used to represent landscape patterns. However, in reality, landscape spatial heterogeneity is continuous
because changes between geographic tags cannot be
fully visible, and the distribution of landscape elements is often uncertain. The landscape index
method based on spatial discontinuity data analysis,
but this is not enough to use multi-scale landscape
spatial information to change the spatial scale of the
source data, which is impossible to reveal the characteristics of landscape patterns and ecological processes [5-7]. Therefore, on the basis of existing research methods, the use of new research methods
and techniques to study landscape patterns is an inevitable trend in landscape ecology research.
There are differences between the tourism
landscape ecosystem and the general landscape ecosystem in terms of functional subjects, modes of action, and spatial distribution. It is very necessary to
break through the existing research ideas and methods of tourism landscape ecosystem pattern. From
the perspective of ecosystem, combined with the research theories and methods of landscape ecology
and tourism geography, this paper proposes a study
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on the coordination degree of geographic label distribution in tourism areas based on landscape spatial
ecological heterogeneity, which is conducive to promoting the adjustment and optimization of industrial
structure in Shandong Province.
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income distribution model, adjusted the regional
economic expenditure structure, and promoted social development to achieve the goal GDP growth of
9%.
(b) Status of ecological environment. At present, Shandong Province is in a critical period of
rapid industrialization and urbanization. Facing the
problems of insufficient environmental carrying capacity such as environmental pollution and ecological destruction, it is very difficult to start energy-saving, emission-reducing and low-carbon economic
activities [10-12]. Therefore, coordinating the relationship among tourism, geography, and ecological
environment, realizing benign coupling and interaction, and promoting regional economic development
have become the basis of tourism development.
In view of the contradiction between social development and the deterioration of the ecological environment, in 2012, Shandong proposed an important strategic measure to build an "Eco-Shandong" goal and overcome the three major constraints
of resources, energy and environment. The ecological construction of Shandong Province had new development in 2013. In terms of pollution control, the
total emission of major air pollutants was significantly reduced compared with the previous year, and
the concentration of pollutant emissions in the watershed was significantly reduced. To strengthen regional ecological functions, it is expected that air
quality will increase by 50% by 2022.

MATERIALS AND METHODS
Basic Theory. (1) Overview of the study area.
As an administrative region, Shandong Province has
17 prefecture-level cities and 140 counties, with convenient transportation within the province, with 10
major airports and more than 10 shipping ports.
Shandong Province has a superior geographical position, unique terrain and climatic conditions, accounting for 4/5 of China's total tourism resources.
The study area is shown in Figure 1.
(a) Current status of economic development.
Shandong Province has more than 20 technology
brands. In 2011, the GDP of Shandong Province
reached 454.22 billion yuan, and continued to grow
in 2013 (GDP reached 556.285 billion yuan). While
achieving remarkable results in economic and social
development, it also faces many problems. The regional economic development is uneven, the economic growth is weak, the industrial structure is irrational, the innovation mechanism is not perfect, the
ecological environment crisis is prominent, and the
transformation of government functions and safety
production are facing severe challenges. In order to
promote the sustained and healthy development of
the regional social economy, Shandong Province
will vigorously promote agricultural modernization
[8-9]. In 2014, Shandong Province aimed at comprehensive social development, improved the national

(2) Determination of indicators. The index
for the coordinated development of tourism-environment coupling in Shandong Province is shown in Table 1. According to formula (8), the index weight can
be determined.
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TABLE 1
Indicators for coordinated development of tourism-environment coupling in Shandong Province
Evaluation Index
First-level indicators
Weight
Number of inbound tourists
0.17
Inbound tourism income
0.16
Number of domestic tourists
0.13
Domestic tourism income
0.13
Tourism as a share of GDP
0.12
Tourism
The proportion of tourism in the tertiary in0.13
dustry
Number of accommodation and catering em0.12
ployees above designated size
Accommodation and catering turnover
0.13
above designated size
Wastewater discharge
0.13
Exhaust emissions
0.08
Waste generation
0.08
Environment
Soot emissions
0.10
Public green area per capita
0.05
Traffic noise
0.02
TABLE 2
Relationship between landscape spatial heterogeneity changes and tourist area ecological services
Landscape spatial heterogeneity
Ecological services in tourist areas
Landscape composition heterogeneity
Proportion of woodland area
Landscape configuration heterogeneity
Edge area density
Landscape composition, configuration het- Proportion of woodland area, connectivity of tourist arerogeneity
eas
Landscape composition heterogeneity
Woodland, grassland area
phy of different landscape structures, while the heterogeneity of landscape structure is represented by
differences in the complexity of the spatial pattern.
Through the analysis of the correlation between
the ecosystem service value and the landscape index,
it is possible to determine highly concentrated landscape pattern information and simplify the characteristics of landscape structure [17-19]. Since various
landscape components have different bearing capacity for non-point source pollution, the correlation between the corresponding landscape index and water
quality index is also different. The relationship between landscape spatial heterogeneity changes and
tourist area ecological services is shown in Table 2.
It can be seen from Table 2 that the heterogeneous changes in the landscape composition directly
affect the ecological service system, resulting in the
spatial heterogeneity of the formation and supply of
ecological services [15].

(3) Analysis of the relationship between
landscape spatial heterogeneity changes and
tourist area ecological services. Landscape spatial
ecological heterogeneity refers to the unevenness
and complexity of the spatial distribution of an ecological variable, which comprehensively reflects the
nature of spatial patches and spatial gradients.
Through the characteristics, complexity and variability of landscape systems, spatial heterogeneity can
be explained from two aspects [6, 13]. Systematicity
can involve ecological variables such as ecosystem
type, vegetation coverage, biomass, and soil nutrients. Complexity is a qualitative description of system characteristics, while change is a quantitative
description of system characteristics.
Landscape spatial heterogeneity refers to the
heterogeneity of the spatial distribution of different
types and quantities of landscape elements [14].
Landscape structure heterogeneity can be divided
into landscape structure heterogeneity and landscape
configuration heterogeneity. Topography and landform structure heterogeneity reflect the difference in
topography and landform type, and topography and
landform configuration heterogeneity reflect the difference in space configuration of different topography and landform types [15-16]. The difference is
that the heterogeneity of landscape configuration is
represented by the difference in quantity or topogra-

Research methods. (1) Coupling coordination. The coupling coordination model can be used
to quantify the coordination relationship between geographic label distribution and environment in different regions at different travel times. The comprehensive benefit evaluation function is as follows [20]:
m

f x = ¦ Zi x ci
i =1
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n

1

h y = ¦ Zicyic
i =1

(2)
In the above formula: ݂()ݔ, ݄( )ݕrepresent the
comprehensive benefits of the tourism geographic
label distribution subsystem and the environmental
subsystem, respectively; ߱ , ߱ᇱ  represent the
weight of each index of the subsystem, respectively;
 ݔᇱ  ,  ݕᇱ  represent the value of each index after standard processing, respectively [15, 21].
Because different properties have different effects on different geographic label, it is necessary to
use the range method to dimensionlessly process the
data. The processing process is as follows [22]:
(3)
x ci = x i  x i min / x i max  x i min

xic= x i max  x i / x i max  x i min

M

(4)

respectively indicate the maximum and minimum
values of the index. The index of the tourism geographic location distribution subsystem in formula
(3) has a positive impact index, and the larger the index, the better; for tourism geography, the index of
the location distribution subsystem in formula (4)
has a negative impact index.
Calculate the proportion of the index value of
the j sample under the index i :

x cij

(10)
D
M uS
In formula (10):  ܦindicates the degree of coordination; ܵ indicates the index of the comprehensive evaluation of the geographic label distribution
and the coordinated development level of the environment. The expression is:
(11)
S Zi f x  Zich x

(5)

n

¦ xc

(2) Evaluation criteria for coupling coordination. The evaluation standard of coupling coordination degree is shown in Table 3.
From Table 3, the relationship between the distribution of geographic labels and the degree of coordination between tourism geographic labels and
the environment can be determined. The better the
evaluation level, the more reasonable the distribution
results.
We optimize the combination of geographical
elements of the original travel area, introduce new
elements, adjust or construct new patterns, increase
landscape heterogeneity and stability, and create better economic benefits than the original landscape.
Spatial heterogeneity is structural heterogeneity
when structural complexity and variability take into
account structural characteristics. When ecological
processes and functional effects are considered, spatial heterogeneity is functional heterogeneity. When
studying the characteristics of the system, the spatial
heterogeneity will change. Different system characteristics describe the spatial heterogeneity differently,
and their changes are different. The difference in the
distribution of geographical indications in tourist
destinations is the main reason for the formation of
this spatial pattern, and there is control of the landscape process within a smaller area. The research on
the problem of the coupling and coordination between the geographic label and the environment in

ij

i 1

In formula (5):  ݔᇱ  represents the value after
standard processing of the ݆ sample under the index݅.
The formula for calculating the entropy of the ݆
sample information is:

Hj

-

1 n
¦ Rij ln Rij
lnn i 1

(6)

Whether the index information is valid depends
on the difference e between the index information
and the constant 1. The difference e directly affects
the weight, which also determines the degree of information repetition.
ej 1 H j
(7)
The formula for calculating the ݆ index weight
is [23]:

Zj

ej

(8)

n

¦e

(9)

The closer the calculation result is to 1, the
greater the degree of coupling between the geographic label distribution and the environment [14].
Because the coupling degree can only determine the
strength of the interaction between the tourism geographic label distribution subsystem and the environment subsystem and cannot reflect the results of
the distribution coordination degree, it is necessary
to introduce landscape spatial ecological heterogeneity and use landscape spatial ecological heterogeneity as a basic indicator. To determine the degree of
coordination between the tourism geotag and the environment, the calculation formula is as follows [15,
24]:

The x i max and x i min in formulas (3) and (4)

Rij


½2
°
°
° f x h y °
®
2¾
°ªf x  h y º °
» °
°«
2
¼ ¿
¯¬

j

i 1

Using the result of dimensionless quantization
as a reference index, the calculation model of the
coupling degree between the distribution of geographic labels and the environment is obtained:
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the tourist area has played a role in controlling the
change of the landscape geographic label. Aiming at
the coordination degree of geographic label distribution in tourist areas, it is necessary to analyze the
coupling degree of tourism and environment to determine the distribution result of geographic labels in
tourist areas.
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space and the distribution characteristics of different
geographic labels in tourist areas are analyzed.
Distribution characteristics of overall geographic labels in tourist areas. The distribution of
Ripley K index in tourist areas in 2013 and 2019 is
shown in Figures 2a and 2b.
It can be seen from Figure 2 that the observation value of the Phase 2 of the tourist area is not
between the upper and lower envelopes. Figure 2a
shows the maximum observation value of the geographic label distribution pattern of the tourist area
in 2013 is 30, which appears at a distance of 50km.
Figure 2b shows that the maximum observation
value of the geographic label distribution pattern of
tourist areas in 2019 is 27, which also appears at a
distance of 50km. The observation values of the
Phase 2 tourist area are within the range of less than
10-50km. As the distance increases, the range also
gradually expands, gradually away from the envelope line. In the 50-90km range, as the distance increases, the range gradually decreases and gradually
approaches the envelope. It can be seen from Figure
2 that in 2013, the observation value of the distribution pattern of geographic labels in the tourism area
is larger than that in 2019 in each spatial distance,
indicating that the spatial scale is larger within the
distance range of less than 50km, and the

RESULTS
Combined with the coordinated development
index of tourism-environment coupling in Shandong
Province, the abundance of comprehensive types of
landscapes in the tourist areas of Shandong Province
is obtained, as shown in Table 4.
Table 4 shows that the abundance of the comprehensive types of landscapes in the tourist areas of
four cities in Shandong Province is not high, indicating that the level of economic development is average, and these four cities will not be affected by the
diversity of ecosystem patterns. In order to further
study the coordination degree of geographic label
distribution in tourist areas, different spatial distances (10, 20...90km) from these four cities were selected as the research object of geographic label distribution in tourist areas, the change trend of the
measured value of Ripley K function in multi-scale

TABLE 3
Evaluation criteria of coupling coordination degree
Coupling coordination dispatch scope
Evaluation grade
Geographic label distribution
0-0.19
Severe disorder
Very unreasonable
0.19-0.39
Moderate disorder
Unreasonable
0.39-0.59
Mild disorder
Reasonable
0.59-0.79
Primary coordination
Generalized distribution
0.79-0.89
Intermediate coordination
Reasonable distribution
0.89-1.00
Good coordination
Excellent distribution

TABLE 4
Comprehensive types of landscape abundance in tourist areas in Shandong
Cities
A
B
C
Geographical landscape
8
10
7
Proportion %
11.12
12.88
9.85
Hydrological landscape
6
1
2
Proportion %
17.60
5.60
8.12
Climate biological landscape
4
2
3
Proportion %
19.00
8.50
11.50
Historical genetic landscape
9
11
5
Proportion %
10.25
14.32
7.63
Abstract human attraction landscape
2
1
1
Proportion %
28.57
14.32
14.16
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FIGURE 2
Distribution of Ripley K index in tourist areas in 2013 and 2019.

FIGURE 3
Distribution characteristics of geographic labels in different tourist areas.
Notes: (a) Woodland in 2013, (b) Woodland in 2019, (c) Historical genetic landscape in 2013, (d) Historical genetic landscape
in 2019.

distribution characteristics of the pattern of the geographic label distribution of the tourism area in
Phase 2 are extremely obvious. In the distance range
greater than 50km, the geographic labels are close to
random distribution. From the perspective of time
change, the distribution pattern of geographic labels
in tourist areas in 2019 is worse than that in 2013.
This shows that although the distances of the two
phases are the same, all are 50km, but the distribution range of geographic labels in the research tourist
areas has become larger and the degree of uniformity
has been effectively improved.

reasonable distribution characteristics of geographic
labels. Consistent with the distribution characteristics of the overall geographic label of the tourist area,
before the spatial scale of the maximum value of the
observed value, the observed value gradually increases with the distance, and is farther from the upper and lower envelopes. After the maximum value
of the observed value occurs, the observed value decreases as the distance increases. The observed value
gradually becomes smaller and is closer to the lower
envelope. It can be seen from this that the distribution characteristics of the woodland landscape and
the overall geographic label of the tourist area have
a certain similarity.
Figures 3(a) and Figures 3(b) show that the observed changes in woodland in 2013 and 2019 are
basically the same, and the maximum value also appears at a distance of 50km, which is consistent with
the above research results, indicating that woodland
has a certain advantage in the rationality of geographic label distribution in tourist areas. During this

Distribution characteristics of geographic
labels in different tourist areas. The distribution
characteristics of geographic labels in different tourist areas are shown in Figure 3.
Figure 3 shows that in addition to the distance
of 10km, the observation values of various woodland
types in 2013 and 2019 in the spatial scale are not
between the upper and lower envelopes, showing the
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[2] Luo, T., Huang, T., Zhang, L., Xue, L., Huang,
L. (2019) Study on the method of regionalization of rural landscape based on the ecological
cultural spatial correlation. Chinese Landscape
Architecture. 6(7), 77-82.
[3] Lin, C., Gong, M., Liu, Y., Pan, X., Piao, Z.
(2018) Spatial heterogeneity of biodiversity
value based on dominant species: Changbaishan
Ecological Function Zone as a case study. Acta
Ecologica Sinica. 7(13), 4677-4683.
[4] Pechanec, V., Vondrakova, A., Sterbove, L.,
Cudlin, P. (2020) Environmental data visualization: Stocks of the stored carbon in Czechia.
Fresen. Environ. Bull. 29(3), 1630-1636.
[5] Klimenko, A., Matushkin, Y., Kolchanov, N.,
Lashin, S. (2019) Spatial heterogeneity promotes antagonistic evolutionary scenarios in
microbial community explained by ecological
stratification: A simulation study. Ecological
Modelling. 399, 66-76.
[6] Fischer, A. (2018) Forest landscapes as socialecological systems and implications for management. Landscape and Urban Planning. 17,
138-147.
[7] Zhou, X., Deng, Z. (2019) The Analysis of
Space Autocorrelation About the Coordination
Degree Development Between Urbanization.
Practice and Understanding of Mathematics. 49
(10), 1-10.
[8] Liu, D., Wang, X., Wu, X., He, J., Duan, Z.
(2018) Coupling coordination between tourism
competitiveness and economic development in
global poverty-stricken countries and spatiotemporal changes. Progress in Geography.
37(10), 1381-1391.
[9] Guo, X., Fu, Q., Lu, H., Gao, F., Hang, Y. (2018)
Spatial heterogeneity and main control factors
of soil water on the slope of agroforestry mixed
use in Northeast Black Soil Area. Journal of Agricultural Engineering. 34 (19), 123-130.
[10] Cui, X., Meng, X., Wang, D. (2020) Regional
differences and convergence characteristics of
industrial land marketization in urban agglomerations from a spatial perspective. China Land
Science. 34 (1), 34-43.
[11] Harlio, A., Kuussaari, M., Heikkinen, R., Arponen, A. (2019) Incorporating landscape heterogeneity into multi-objective spatial planning improves biodiversity conservation of semi-natural grasslands. Journal for Nature Conservation.
49, 37-44.
[12] Hogg, O., Huvenne, V., Griffiths, H., Linse, K.
(2018) On the ecological relevance of landscape
mapping and its application in the spatial planning of very large marine protected areas. Science of The Total Environment. 626, 384-398.
[13] Wu, D., Wang, Z., Pan, Y. (2019) Spatial Gradient Analysis of Urban Landscape Pattern in
Anshun City Based on GIS. Journal of Northwest Forestry University. 34(6), 214-223.

period, the observed value in 2019 is smaller than
that in 2013, indicating that the advantages of woodland matrix have weakened.
The observation values of historical genetic
landscapes in Phase 2 shown in Figure 3(c) and Figure 3(d) are significantly increased, and are far away
from the upper and lower envelopes, indicating that
the study of historical genetic landscapes is more obvious than the distribution of woodland geographic
labels. Of all the distances, only the observations at
the starting position in 2013 appear between the upper and lower envelopes, but not in 2019. It can be
seen that the distribution characteristics of the geographic labels of the historical genetic landscape in
Phase 2 show the opposite characteristics at 1km. At
different distances, the observed value in 2019 is
larger than that in 2013, showing that the distribution
characteristics of geographic labels of historical genetic landscapes are obviously strengthened, and do
not tend to be evenly distributed.

CONCLUSIONS
(1) Based on the existing research methods,
new research methods and technologies are used to
study the landscape pattern, and a study on the coordination degree of geographic label distribution in
tourist areas based on landscape spatial ecological
heterogeneity is proposed.
(2) By analyzing the relationship between landscape spatial heterogeneity changes and tourist area
ecological services, and the evaluation criteria of
coupling coordination degree, the distribution results
of tourist area geographic labels are determined.
(3) Based on the above, this study presents a
study on the coordination degree of geographic label
distribution in tourist areas based on landscape spatial ecological heterogeneity. Among them, the author is mainly responsible for analyzing the relationship between landscape spatial heterogeneity
changes and ecological service of tourist areas, and
the evaluation standard of coupling coordination degree.

ACKNOWLEDGEMENTS
The author would like to show sincere thanks
to those persons who have helped this research and
all the authors of the references.

REFERENCES
[1] Liu, L., Bian, Z., Ding, S. (2018) Effects of
landscape spatial heterogeneity on the generation and provision of ecosystem services. Acta
Ecologica Sinica. 38(18), 57-66.

11432

© by PSP

Volume 29 – No. 12A/2020 pages 11426-11433

[14] Wahapu, H., He, C., Zhu, Y. (2018) Coupling
and coordination analysis of tourism demand
and tourism industry based on network attention
and its spatial differences. Ecological Economy.
34(11), 177-182.
[15] Xu, Y., Liu, Y. (2018) The Spatial Heterogeneity of Coordination Degree between Agricultural Mechanization and Regional Economy
Development. Journal of Agricultural Mechanization Research. 40 (4), 31-36.
[16] Huang, M., Yue, W., Feng, S., Cai, J. (2019)
Analysis of spatial heterogeneity of ecological
security based on MCR model and ecological
pattern optimization in the Yuexi county of the
Dabie Mountain Area. Journal of Natural Resources. 34(4), 101-114.
[17] Mohammad-Reza, A., Rasoul, K., Mohsen, A.,
Mohammad, K. (2018) Landscape heterogeneity and ecological niche isolation shape the distribution of spatial genetic variation in Iranian
brown bears, Ursus arctos (Carnivora: Ursidae).
Mammalian Biology - Zeitschrift fur Saugetierkunde. 93, 64-75.
[18] Khosravi, R., Hemami, M. (2019) Identifying
landscape species for ecological planning. Ecological Indicators. 99, 140-148.
[19] Arnaiz-Schmitz, C., Schmitz, M., Herrero-Jauregui, C., Gutierrez-Angonese, J., Pineda, F.,
Montes, C. (2018) Identifying socio-ecological
networks in rural-urban gradients: diagnosis of
a changing cultural landscape. Science of the
Total Environment. 612, 625-635.
[20] Niu, L., Cheng, Z. (2019) Analysis on characteristics of vegetation landscapes based on tourism development in Wutai Mountain scenic area.
Geographical Research. 38 (5), 164-176.
[21] Li, L., Zeng, W. (2019) Research on spatial heterogeneity of coupling and coordination of science and technology innovation and economic
development in China. East China Economic
Management. 8 (10), 12-19.
[22] Chen, H., Shi, Y., Ke, X., Hao, J., Chen, A.
(2019) Spatial optimization of land use based on
the objective of coordinated ecological protection and economic development in Zhengzhou
City. Resource Science. 41(4), 717-728.
[23] Wu, Y., Wang, D., Guo, J. (2019) Spatial difference of coordinated development of four-dimensional urbanization in Shandong Province
based on ESDA. Jiangsu Agricultural Science.
47(13), 337-341.
[24] Lin, Z., Zhao, L. (2019) Evaluation and analysis
of coordinated development of ecological environment and economy. Fresen. Environ. Bull.
28(5), 4049-4053.

Fresenius Environmental Bulletin

Received:
Accepted:

03.07.2020
24.09.2020

CORRESPONDING AUTHOR
Ziwen Qu
School of Geographic Science,
Nanjing Normal University,
Nanjing 210023 – China
e-mail: 416378817qq.com

11433

© by PSP

Volume 29 – No. 12A/2020 pages 11434-11440

Fresenius Environmental Bulletin

RESEARCH ON COUPLING AND COORDINATED
DEVELOPMENT OF URBAN
TOURISM-ECONOMY-ECOLOGICAL ENVIRONMENT
BASED ON NETWORK INTELLIGENCE BACKGROUND
Xiaoling Ren1, Juanjuan Zhao2,*, Yan Qiang2, Yanyan Li3
1

College of Economics and Management, Taiyuan University of Technology, 030600 Jinzhong, China
2
College of Information and Computer, Taiyuan University of Technology, 030600 Jinzhong, China
3
College of History and Culture, Shanxi University, 030006 Taiyuan, China

ABSTRACT

INTRODUCTION

The three subsystems of tourism, economy,
and ecological environment affect and restrict each
other. It is of great significance to correctly
understand the coordination between the three
subsystems for the sustainable development of
cities. This article takes Taiyuan City as an example
to construct a tourism-economy-eco-environment
evaluation index system, draws on the
comprehensive development evaluation model and
coupling coordination degree model, and conducts
an empirical analysis on the tourism-economyecoenvironment coupling coordination degree in
Taiyuan City from 2013 to 2018. The results show
that the evaluation value of the three major
subsystems
of
tourism-economy-ecological
environment in Taiyuan is generally on the rise, of
which the evaluation value of the ecosystemenvironment subsystem rises slowly; the
coordination degree of the coupling of tourismeconomy-ecological environment in Taiyuan has
increased. The coupling and coordinated
development of tourism, economy and ecological
environment is the basic guarantee and important
content of sustainable development of tourism. The
coupling coordination degree evaluation model can
analyze the coupling relationship and the state of
coordinated development between the three well.
As the economy develops, the pressure on the
ecological environment will increase in the future.
Compared with the rapid growth of tourism and the
economy, it is equally important to increase
environmental protection and pay attention to the
quality of ecological environment development.

The rapid development of tourism, the strong
driving force of industry, and the increasingly
prominent strategic position in economic
development have made many countries or regions
regard tourism as a pillar industry for economic
development [1]. The sustainable and healthy
development of the tourism industry can promote
the improvement of the economic development
level of a region [2-4]. Conversely, the higher the
economic development level of a region, the more
beneficial it is for the government to inject a large
amount of capital into the tourism industry of the
region, thereby improving the construction of
tourism infrastructure in the region To promote the
vigorous development of tourism in the region. It
can be seen that there is a mutual influence and
mutual promotion between tourism and regional
economy [5-8].
The tourism industry is a typical environmentdependent industry, and the ecological environment
is closely related to tourism activities. Since the
middle of the 20th century, with the rapid
development of the global tourism industry, the
contradiction between tourism development and
ecological environmental protection has become
increasingly prominent, and has become a common
concern of the domestic and international tourism
academia. From the perspective of research status,
relevant research abroad focuses on the impact of
tourism on the environment, ecotourism,
sustainable development of tourism, the coupling
relationship between tourism and ecological
environment, and tourism and environmental ethics
[9-12]. The tourism industry has a negative impact
on the regional environment, but if the tourism
industry can develop in harmony with the
environment to a certain extent, it will be conducive
to the sustainable development of the tourism
industry. Tourism is one of the main functions of
modern cities, and it is also an important means for
many regions to develop their economy and
promote the process of urbanization. The industrial
attributes of tourism environment support and
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resource consumption determine the dual
contradiction between opposition and unity
between the tourism economy and the ecological
environment. How to strike a balance between the
economic benefits of tourism and the ecological
benefits of cities and achieve sustainable
development of tourism has always been a concern
of the tourism academia [13-15].
According to the prediction of the World
Tourism Organization, by 2020, China will become
the world's largest tourist destination and tourist
source country, the number of international tourists
will reach 130 million, the number of outbound
tourists will also reach 100 million, and the tourism
industry has become a new one Hot spot of
economic growth. However, while tourism
development brings huge benefits, it may cause
different degrees of damage to the local ecological
environment [16]. After the ecological environment
is destroyed, it will increase the cost of economic
activities and affect the long-term development of
tourism. In recent years, a series of water pollution
problems frequently occur in tourist cities, which
have a certain impact on tourists’ activities [17].
Therefore, properly handling the coordinated
development of tourism activities, economic
development, and environmental protection has
certain
implications
for
the
sustainable
development of cities. Practical significance.
Although there are many scholars on the study of
tourism-economy-ecological environment, foreign
scholars mainly focus on the study of the
relationship between the two subsystems of tourism
and economy, tourism and environment and
regional economy and environment, and on the
coupling relationship between the three related
discussions are relatively rare. Therefore, this
article takes Taiyuan City as an example to study
the relationship between tourism-economyecological environment, analyze how Taiyuan is
developing tourism, and how to coordinate the
relationship between the three, in order to provide
theoretical basis and reference for sustainable
tourism development of the city.
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It borders Xinzhou City in the north, Yangquan
City in the east, Luliang City in the west, and
Jinzhong City in the south. It is the political,
economic, and cultural center of Shanxi Province. It
is a national sustainable development agenda The
Innovation Demonstration Zone is a military and
cultural center in northern China, the Jin Business
City, and one of China's important energy and
heavy industry bases. It is also an excellent tourist
city and a national garden city in China (Fig.1).
In 2019, Taiyuan achieved a GDP of 402.851
billion yuan, an increase of 6.6% over the previous
year. Among them: the added value of the primary
industry was 4.248 billion yuan, an increase of
2.1%; the added value of the secondary industry
was 151.864 billion yuan, an increase of 5.9%; the
added value of the tertiary industry was 246.739
billion yuan, an increase of 7.1%.
Construction of evaluation model for
coupled
and
coordinated
development.
Evaluation model of coupling degree and
coupling coordination degree. Coupling is a
phenomenon used in physics to indicate that two or
more systems interact with each other through the
form of motion and constantly run in to achieve
coordinated development. The tourism-economyeco-environment system studied in this paper is
three systems that influence and restrict each other.

RESULTS AND DISCUSSION
Analysis of comprehensive development
level. From 2013 to 2018, the comprehensive development level of Taiyuan's tourism system
showed a constantly changing trend, both rising and
falling (Figure 2). In 2013, the level of comprehensive development of the tourism industry system
was the highest, mainly due to the various measures
adopted by the Taiyuan Municipal Government to
promote the development of tourism. The number
of tourists and tourism income grew rapidly, and
tourism developed into one of the most dynamic
industries in Taiyuan The tourism industry system
comprehensive development index rose from 0.032
in 2014 to 0.418 in 2018. From 2015 to 2016, the
comprehensive development level of the tourism
industry system showed a downward trend. In 2016,
the number of tourists from the Taiyuan Municipal
Government decreased compared with 2015. The
decrease in tourists led to a decrease in income and
a decline in sales of social consumer goods, coupled with the rapid development of the outbound
tourism market, resulting in a comprehensive level
of tourism development The phenomenon is declining.

MATERIALS AND METHODS
Research area. Taiyuan is the capital of
Shanxi Province and an important central city in
central China determined by the State Council. As
of 2018, the city has 6 districts, 3 counties, and 1
county-level city under its jurisdiction, with a total
area of 6,909 square kilometers, a built-up area of
438 square kilometers, a permanent population of
4,421,500, and an urban population of 3.572
million. The urbanization rate was 84.88%. The
permanent population in 2019 is 4.461 million.
Taiyuan is located in North China, central
Shanxi, and the northern end of the Taiyuan Basin.
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(a)

(b)

(c)
FIGURE 1
Urban ecological landscape of Taiyuan
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FIGURE 2
Taiyuan's comprehensive development level of tourism, economy and ecological environment system
in 2013-2018
The data shows that the number of tourists in
Taiyuan increased year by year from 2013 to 2018,
and the growth rate basically remained above 15%.
During the six years, the number of tourists increased from 36.913 million in 2013 to 81.226
million in 2018, an increase of 44.447 million. In
2018, Taiyuan City received a total of 238,800
inbound tourists, an increase of 4.1% over the previous year; domestic tourists reached 81,02,200, an
increase of 19.9%. The total tourism income was
99.557 billion yuan, an increase of 21.1%, and the
growth rate was 0.9 percentage points faster than
the previous year (20.2%). Among them: domestic
tourism income was 98.53 billion yuan, an increase
of 20.8%; tourism foreign exchange income was
107 million US dollars, an increase of 7.0 %.
In terms of tourism income, the growth rate of
tourism income in Taiyuan has maintained at more
than 16% year after year. In 2014, tourism revenue
exceeded 50 billion yuan, and in 2017 tourism
revenue directly exceeded 80 billion yuan, with a
year-on-year growth rate of 20.2%, a very rapid
increase. In 2018, Taiyuan City vigorously develops modern service industries such as housekeeping
services, health care for the elderly, tourism culture,
education and training. With the direction of highend, high efficiency, convenience and meeting
personalized needs, it promotes the transformation
of the life service industry into fine and highquality; give full play to The advantage of Taiyuan
historical and cultural city is to accelerate the construction of a number of high-quality cultural tourism projects, build a new model of global tourism,

and develop and strengthen the cultural tourism
industry. The annual tourism revenue reached
99.557 billion yuan, an increase of 21.1% over
2017.
Compared with the comprehensive development level of the tourism industry, the comprehensive development level of the regional economic
system has been on the rise. The comprehensive
development index of the regional economic system
has increased from 0.037 in 2013 to 0.799 in 2018.
The main reason is that the country puts forward
the strategy of "Rise of Central China", which has
created a good environment for Taiyuan's economic
development. In recent years, the transformation of
the coal industry in Shanxi Province has also promoted the development of Taiyuan's economy,
thereby promoting the improvement of the overall
development level of the Taiyuan economic system.
In 2018, Taiyuan achieved a gross regional
product (GDP) of 388.448 billion yuan, an increase
of 9.2% from the previous year, a growth rate of 0.1
percentage points faster than the previous three
quarters (9.1%), and a 1.7% increase from the previous year (7.5%) This is the highest point in 15
consecutive quarters since the first half of 2015.
Respectively higher than the national (6.6%) 2.6
percentage points and the whole province (6.7%)
2.5 percentage points.
The comprehensive level of ecological environment has increased year by year. In 2018, the
number of days of air quality in the urban area of
Taiyuan was 170 days or more, and the annual
PM2.5 reached 264 days. The comprehensive air
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quality index was 7.07. The annual PM2.5 concentration dropped by 10.6%, and the urban air quality
composite index fell by 9.2%. The water quality
compliance rate of centralized drinking water
sources is maintained at 100%, and the surface

Fresenius Environmental Bulletin

water quality national and provincial assessment
rate is 55.56%. The annual average value of environmental noise in urban areas is 55.7 decibels, and
the annual average value of traffic noise is 69.7
decibels.

(a)

(b)

(c)

(d)

(e)

(f)
FIGURE 3
Coupling coordination analysis
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Coupling coordination analysis. The 20132015 tourism-economy-ecological environment
coupling and coordination type of Taiyuan City is
also the advanced type of ecological environment,
but the coupling coordination degree has undergone
a transition from imbalanced, barely coordinated to
primary coordination, and continues to develop in a
benign direction. Since the evaluation value of the
eco-environment subsystem at this stage is greater
than that of the tourism and economic subsystems,
the economic benefits of tourism resource utilization are not very high. Taiyuan City has not only
improved tourism resources by increasing tourism
resource development and utilization, and improving tourism infrastructure. The efficiency of the
utilization also promotes the overall coordination of
the three major systems to be higher and higher. In
2016-2018, Taiyuan's tourism-economy-ecological
environment coordinated development type was the
advanced type of tourism development, and the
coupling coordination degree completed the leap
from intermediate coordination to advanced coordination. With the continuous strengthening of the
interaction between the three major subsystems, the
growth rate of the evaluation value of the ecological
environment subsystem is far lower than that of the
tourism and economic subsystems (Fig.3). Therefore, improving the quality of the ecological environment can continue to promote the healthy development of the three. However, the evaluation value
of the tourism and economic subsystems at this
stage has exceeded the comprehensive evaluation
value of the eco-environment subsystem, and the
rise rate of the eco-environment subsystem is extremely slow. Therefore, if Taiyuan City wants to
achieve high-quality coordination of the three major
systems of tourism-economy-ecology, it must Attach great importance to the issue of ecological
environmental protection, increase the investment
of environmental protection funds, and provide a
good ecological environment for the continued
increase of tourism and economic subsystems.
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economy-ecological environment in Taiyuan has
increased. The coupling and coordinated
development of tourism, economy and ecological
environment is the basic guarantee and important
content of sustainable development of tourism. The
coupling coordination degree evaluation model can
analyze the coupling relationship and the state of
coordinated development between the three well.
As the economy develops, the pressure on the
ecological environment will increase in the future.
Compared with the rapid growth of tourism and the
economy, it is equally important to increase
environmental protection and pay attention to the
quality of ecological environment development.
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distribution of the normal and tangential force chain
under compression and shear loading through
photoelastic experiments. Yang Pangpan et al. [3]
analyzed specimens' internal contact force
distribution and space movement tracks under
different working conditions through PFC2D, with
virtual rut boards as the object. Chen Yaunzhao et
al. [4] created a discrete element model and
analyzed the internal strong force chain, weak force
chain and deformation characteristics of the asphalt
mixture by using round disc particles. Shi Liwan et
al. [5] analyzed the main framework contact
characteristics in the asphalt mixture of four
different gradings and studied the relation between
the mesoscopic evaluation index and the macro
evaluation index through image processing
technology. Chang Mingfeng et al. [5] analyzed the
evolution and probability distribution of the internal
particle normal force of the asphalt mixture through
the discrete element.
Based on the above-mentioned analysis, the
current research focuses on contact force values and
contact force transfer. However, the internal
particle deformation of the asphalt mixture is
caused by the co-effect of the normal contact force
and the tangential contact force on contact surfaces.
There is a lack of systematic analysis of the
evolution law of particle contact states in existing
research. As a result, on the basis of a summary of
the existing research, the evolution process of the
contact normal direction, the normal contact force
and the tangential contact force of particles during
the simple punching shear process of the asphalt
mixture was analyzed with the help of a 2D
numerical model created by the DEM software
through the SPST, and the probability distribution
of the normal contact force and the tangential
contact force was also analyzed to study the
mechanism of asphalt mixture deformation from a
mesoscopic and microscopic perspective.

ABSTRACT
To reveal the evolution law of asphalt mixture
particle contact parameters, the Simple Punching
Shear Test (SPST) and the discrete element
numerical simulation experiment were conducted
indoors to study the change law of the contact
normal direction, the normal contact force and the
tangential contact force under loading as well as the
distribution law of the contact force chain from
mesoscopic and microscopic perspectives. The
result shows that: the number of contact points,
Nmax, corresponding to the main directions of the
contact normal direction gradually decreased; the
normal contact force in the main directions, f n (T ) ,
increased first and then decreased with the shear
deformation increase, and the range of the main
directions of the normal contact force was relatively
small, and there was stress concentration, which
can easily cause particle breakages; the range of the
main direction parts of the tangential contact force
was relatively small, and there was stress
concentration, which can easily cause shear
deformation; the distribution probability of the
contact force showed a trend of increase first and
then decrease.

KEYWORDS:
Asphalt mixture particle, SPST, numerical simulation
experiment, contact force, force chain, probability
distribution

INTRODUCTION
Researchers usually study the evolution law of
the load and deformation from a macro perspective
through indoor experiments for asphalt mixture
performance study. With the deepening of research
and development of technology, researchers have
become keener on analyzing the internal stressstrain evolution law of the asphalt mixture from a
mesoscopic and microscopic perspective to the
deformation mechanism of asphalt mixture under
loading on a deeper level. NgTT [1] made
quantitative analysis of the particle contact state in
an early stage. Majmudar [2] studied the probability

MATERIALS AND METHODS
Indoor Experiment. The SPST was used for
study on shear rheological performance of the
asphalt mixture for calibration of DEM parameters
in this paper. The SPST was developed by Lubinda
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:KHUH șN LV WKH RSSRVLWH DQJOH RI WKH NWK
edge, bk is a random number in the range of [0, 1],
įLVDFRQVWDQWVPDOOHUWKDQDQGQLVWKHQXPEHU
of edges of the polygon.
$VWKHVXPRIQșNXVXDOO\LVQRWHTXDOWRʌ
șNQHHGVWREHFRUUHFWHGWRHQVXUHWKDt the polygon
is closed.

F. Walubita and other researchers based on uniaxial
penetration and other experimental methods. The
specimen used in this experiment was shaped by a
rotary compactor, with a diameter of 150 mm and
height of 100 mm. A UTM-100 servo testing
machine with an indenter diameter of 47.5 mm was
used for loading and the loading rate was 10
mm/min. A steel sleeve with an internal diameter of
150 mm was installed around the specimens during
the experiment for ambient pressure, and the base is
an empty cylinder with an internal diameter of 100
mm and an external diameter of 155 mm. The
experimental temperature was 60°C, as shown in
Figure 1. The specimens after the experiment are
shown in Figure 2.

Tk

§
¨
2±
T k ¨¨ n
¨¨ ¦T j
© j1

·
¸
¸
¸
¸¸
¹

(3)

The vertex coordinates of the generated
polygon is as follows:
(4)
xk x0  r cos D  T c
yk

y0  r cos D  T c

(5)

n

ș

¦T

k

(6)

k 1

:KHUH Į LV WKH SKDVH DQJOH RI WKH SDUWLFOH
orientation, which is a random number evenly
GLVWULEXWHG LQ WKH UDQJH RI  WR ʌ [ LV WKH
abscissa of the circumscribed circle center of the
polygon, and y0 is the ordinate of the circumscribed
circle center of the polygon.

FIGURE 1
SPST

FIGURE 2
Specimens after test

FIGURE 3
Graded pellet

Generation of Aggregate Particle Model. As
the aggregate particle shapes are not regular round
particles in the mixture, it is necessary to randomly
combine the small round particle units into irregular
particle units through the particle family theory of
the DEM software to make the numerical
simulation experiment more real. The particle unit
generation process is as follows [8].
Disc particles need to be generated based on
grading before the irregular particles are generated,
as shown in Figure 3. The radius of the disc
particles is:
(1)
r r1  r2  r1 D
Where r1 and r2 are the particle size upper and
lower limits of a certain particle size group and is
a random number in the range of [0, 1].
The polar coordinates were used to determine
the vertices of the polygon, as shown in Figure 4.
(2)
T k 2S ª¬1  2bk  1 G º¼ n

FIGURE 4
Inscribed polygon particle
To avoid overlapping of the generated random
polygons, it is necessary to judge their mutual
invasion. The generated particles are shown in
Figure 5.
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that of the indoor experiment, as shown in Table 1.
The bitumen-aggregate ratio was 4.5%. The
specimen size, loading rate and other parameters of
the numerical simulation experiment were
consistent with those of the indoor experiment. The
virtual voids in the simulation were generated by
randomly deleting some particle units, as shown in
Figure 6.
FIGURE 5
Grading particle cluster

DETERMINATION OF
MESOSCOPIC PARAMETERS
Determination of Contact Constitutive
Model. The asphalt mixture is three-phase
composite system consisting of aggregates, asphalt
mortar and gaps. The asphalt mixture is a multistage dispersion system based on the mortar theory.
The relationship between the particle units is shown
in Figure 7.
The linear stiffness contact model and the
Burgers contact model were separately used to
simulate the contact between internal units and
within the asphalt mortar in the aggregates during
the numerical simulation experiment. The parallel
bond model was used for the contact between other
units, as shown in Table 2. The Mesoscopic
Burgers constitutive model is shown in Figure 8.

FIGURE 6
Asphalt mixture specimen
Generation of Virtual Asphalt Mixture
Specimens with Grading Characteristics.
Cylinder specimens were used for the numerical
simulation experiment, SUP-20 asphalt mixture was
used, and the aggregate grading was the same as

Grading
Type
Sup-20
Limited Area
Control Point

26.5
100





19
92.9


90
100

TABLE 1
Asphalt mixture grading
 wt% through the following mesh size (mm)
16 13.2 9.5 4.75 2.36 1.18 0.6
0.3
85.7 74.3 64.1 42.5 29
18
13
8.5



 34.6 22.3 16.7 13.7



 34.6 28.3 20.7 13.7

90


23







49




0.15
6.3





TABLE 2
Models for various unit contact in the asphalt mixture
Contact Type
Contact Model
Particle units inside the aggregates
Linear contact model
Units between aggregates
Parallel bond model
Units between the asphalt mortar and the aggregates
Parallel bond model
Units inside the asphalt mortar
Burgers model

FIGURE 7
Relationship between particles
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FIGURE 8
Burgers contact model
TABLE 3
Mesoscopic parameters of the Burgers model
Micro
Parameter
Value
Micro
Parameter
Value

Normal Stiffness
N.m-1
8.6×108
N.m-1
2.8×108

Maxwell part
Tangential Stiffness
Normal Viscosity
N.m-1
Pa.s
2.2×108
8.6×106
Kelvin part
N.m-1
Pa.s
7.4×107
2.8×106

Shear Viscosity
Pa.s
18.8×108
Pa.s
6.2×108

FIGURE 9
Diagram of comparison between the indoor experiment and the numerical experiment
and the normal stiffness of the aggregates were
kn=3.1×107N/m and ks=1.2×107N/m respectively.
The parallel bond model was used for units inside
the coarse aggregates and units between the asphalt
mortar and the aggregates, the normal strength and
the tangential strength were both set to 0.3 MPa,
and the radius coefficient was set to 0.5 [12].
The simulation of contact inside the asphalt
mortar used the Burgers contact model. The model
parameters were determined based on the method in
literature [13], as shown in Table 3.

Determination of Mesoscopic Parameters.
The determination of the mesoscopic parameters
was calculated based on the relationship between
the macroscopic parameters and the microscopic
parameters and calibrated and obtained through the
indoor experiment. Limestone is used as for the
aggregates in this experiment. Based on the study
results of literature [9-11], the variation range of the
limestone elastic modulus is from 16 GPa to 45
GPa, and the value for the simulation was 30.5
GPa. Based on the relationship between the elastic
modulus and shear modulus, the obtained ratio of
the aggregate tangential stiffness to the aggregate
normal stiffness was 0.4. The tangential stiffness
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to each other: average tangential contact force
component f i c T and average normal contact

PUNCHING SHEAR
MODEL TEST AND VERIFICATION

force component f nc T . As tc

Determination of Time Step. UAs the road
surface temperature of some regions can reach
around 60°C, a simulation of the deformation
characteristics of the asphalt mixture at a
temperature of 60°C was conducted in this paper.
The displacement loading method was used and the
loading rate was 10 mm/min. The target time step
range of 10-6s-10-5s can be obtained through
formula 7 by using the minimum mass of the model
particle unit mmin and the maximum stiffness of
WKH SDUWLFOH XQLW FRQWDFW NPD[ 7KH YDOXH RI Ȝ FDQ
be 0.1, 0.2 or 0.2. The time step in this paper was
10-5s[14].
mmin
(7)
't O
kmax

and nc

^cos T ,sin T ` ,

the distribution of the

average contact force component
follows:
fi c T

^ sin T , cos T `
fi c T

f nc T nc  f t c T tc

is as
(8)

FIGURE 10
Diagram of the relationship between particle
contact normal direction, contact vector and
contact force

Numerical Simulation Test Verification. To
verify the reliability of the numerical test, four
DEM specimens with the same mixture type were
randomly generated to simulate the damage
condition of SUP-20 asphalt mixture under shear
loading at a temperature of 60°C, and a comparison
with the indoor experiment was made, as shown in
Figure 9. It can be seen from the figure that the
calculation result of the numerical experiment and
that of the indoor experiment fit well, and the
accuracy of material parameter settings was also
verified.

Figure a. Before shear

RESULTS
Analysis of Contact Parameters. In 2001,
Ng[15] divided the microstructure parameters
among particles into scalar-type parameters and
vector-type parameters. The former includes the
particle shape, the particle size, the number of
contact points, the void ratio and others, and the
latter includes the contact vector, the contact
normal direction, the particle orientation and others
[16~19]. As vector-type parameters are the key
factor causing material deformation, the contact
normal direction, normal contact force and the
tangential contact force were used in this paper to
analyze the evolution law of particle contact
parameters of the asphalt mixture under loading.
The contact normal direction was represented by
the contact normal vector, which refers to the unit
vector perpendicular to the tangent plane at the
contact point. The particles contacted each other
and contact forces were produced under external
loading and gravity, and the contact force value and
direction were different can be represented in the
form of vectors. As shown in Figure 10, the average
contact force acting on the particle contact surface
can be divided into two components perpendicular

Figure b. 600 thousand times

Figure c. 1.5 million times
FIGURE 11
Evolution law of the contact normal direction
The evolution mechanism of the contact
normal direction, the normal contact force and the
tangential contact force between particles under
shear loading after the program ran 0, 600 thousand
and 1.5 million times was analyzed through the rose
diagram. In the rose diagram, a circle was divided
into 36 parts, each part with an angle of 10 degrees.
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Evolution Law of the Normal Contact
Force. Figure 12 shows the evolution law of the
normal contact force between particles under
monotonic shear loading. The sector radius is the
ratio of the average normal contact force within a
certain part to the maximum average normal
contact force of all parts during the shear
deformation. As can be seen from Figure 12, the
parts of 80°-90°, 260°-270°, 170°-180° and 350°360° were the directions with a relatively large
average normal contact force, and such directions
were called the main directions of the normal
contact force. The contact force values of the main

Evolution Law of the Contact Normal
Direction. Figure 11 shows the evolution law of the
contact normal direction between particles under
monotonic shear loading. The sector radius is the
ratio of the number of contact points of the contact
normal direction within a certain part to the
maximum number of normal contact points in all
parts. As can be seen from Figure 11, the parts of
80°-90°, 260°-270°, 170°-180° and 350°-360° were
the directions with a relatively large number of
contact points, and such directions were called the
main directions of the contact normal direction. The
number of contact points in the main directions was
represented by Nmax. With the increase of shear
deformation, Nmax gradually reduced, and the
number of contact points in parts other than the
main directions gradually increased but the
increased number was far smaller than the reduced
number of Nmax. Therefore, the total number of
contact points of the specimens reduced with the
increase of the shear deformation.

directions were represented by

f n (T ) . f n (T )

increased first and then decreased with the increase
of the shear deformation. As can be seen from the
figure, the range of the parts of the main directions
of the normal contact force was relatively small,
which means a small number of particles bore a
relative big normal force, and stress concentration
occurred. This was when particle breakages were
prone to occur.

Figure a. Before shear

Figure a. Before shear

Figure b. 600 thousand times

Figure b. 600 thousand times

Figure c. 1.5 million times

Figure c. 1.5 million times
FIGURE 13
Evolution law of the tangential contact force

FIGURE 12
Evolution law of the normal contact force
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contact force and the tangential contact force fitted
through formula 10 is as follows:

Evolution Law of the Tangential Contact
Force. Figure 13 shows the evolution law of the
tangential contact force between particles under
monotonic shear loading. The sector radius is the
ratio of the average tangential contact force within a
certain part to the maximum average tangential
contact force of all parts. As can be seen from
Figure 13, the parts of 80°-90°, 260°-270°, 170°180° and 350°-360° were the directions with
maximal relatively large average tangential contact
force, and such directions were called the main
directions of the tangential contact force. The
contact force values of the main directions were
represented by f t (T ) . f t (T ) increased first and

FIGURE 14
Normal contact force distribution

then decreased with the increase of the shear
deformation. As can be seen from the figure, the
range of the parts of the main directions of the
tangential contact force was relatively small, which
means a small number of particles bore a relatively
big normal force, and stress concentration occurred.
This was when shear deformation was prone to
occur.
Distribution Law of the Contact Force. As
the contact force is relatively widely distributed and
fluctuates significantly, it is necessary to perform
normalization for the related data. Normalization
was performed for the normal contact force f1 and
the tangential contact force
following formula:

Fijn

½
°
N
n
Fij / N °
¦
°
i 1
¾
Fijs
°
N
°
Fijs / N °
¦
i 1
¿

f1

f2

FIGURE 15
Tangential contact force distribution

f 2 , as shown in the
(9)

As can be seen from Figure 14 and Figure 15,
the contact force distribution probability showed a
trend of first increase and then decrease, and the
normal contact force and the tangential contact
force probabilities both peaked. Based on the fitting
formula, the regression coefficient was always
above 95%, which means the correlation of the
stress distribution probability fitting was relatively
high. As can be seen from Figure 14 and Figure 15,
the f value corresponding to the normal contact
force probability peak value ranged from 0.5 to 1.0,
while the f value corresponding to the tangential
contact force probability peak value was close to
1.0. f 1 is considered to be the boundary

Where N is the total number of contact points,
and

Fijn

and

Fijs

are the normal contact force and

the tangential contact force of the ith particle at the
jth time step.
The relationship between the contact force and
its distribution probability is shown in Figure 14
and Figure 15. The distribution probability of each
contact force can be fitted through formula 10[19].

P( f i )

a (1  b(e  cfi ) 2 )e  dfi

between the strong force chain and the weak force
chain, that is, f˚1 indicates a strong force chain,
while f˘1 indicates a weak force chain. As can
be also seen from Figure 14 and Figure 15, the f
value corresponding to the probability peak value in
Figure 14 was smaller than that in Figure 15. The
weak force chain probability corresponding to
Figure 14 was relatively high. It can be seen from
Figure 15 that the f value corresponding to the
probability peak value of the tangential contact
force was close to 1, and the force chain
distribution of the tangential contact force was
relatively wide.

(10)

Where P ( f ) is the distribution probability of
the contact force, fi is the contact force after
normalization, i 1,2 , and A, B and E are fitting
constants.
Based on the curve shape in the diagram, the
probability distribution formula for the normal
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[3] Yang, P.P., X.P., D.Y. (2018). Microstructure
characteristics analysis of asphalt mixture
based on the discrete element method[J]. Journal of China University of Mining & Technology. 47(4), 900-928
[4] Chen,Y.Z.䠈 Li, Z.X., (2013). Meso-structure
of crumb rubber asphalt mixture based on discrete element method. Journal Of Harbin Institute of Technology. 45(4), 116-121
[5] Shi, L.W., Wang, R.Y. (2013). Evaluation
Indexes of Asphalt Mixture Main Skeleton
Based on Digital Image Processing. China J. Highw. Transp. 45(4), 116-121
[6] Chang, M.f., Huang, P.M., Pei, J., Zhang, J.,
(2017). Quantitative Analysis on Evolution and
Distribution of Force Chain for Asphalt Mixture Using Discrete Element Method. Materials
Review B:Research Papers. 31(9), 155-159
[7] Abu, N. M. Faruk, Sang, I.L., Zhang, J.,
(2015). Measurement of HMA shear resistance
potential in the lab: The Simple Punching
Shear Test[J].Construction and Building Materials. 99, 62–72
[8] Zhou, W., Chang, X.L., Zhou, C.B., Zhu, K.,
(2009) Stochastic granule discontinuous deformation model of rockfill and its application[J]. Chinese Journal of Rock Mechanics
and Engineering. 28(3), 491-499
[9] Qin, B.D., HE, J., Chen, L.J., (2009). Experimental Research on Mechanical Properties of
Limestone and Sandstone Under High Temperature. Journal Of Geomechanics. (13), 253261(in Chinese)
[10] Yang, S.J, Zeng, S., Wang, H.L. (2005). Experimental analysis on mechanical effects of
loading rates on limestone. Chinese Journal of
Geotechnical Engineering. 27, 786-788 (in
Chinese)
[11] Cao, S.T., Xu, J.M. (2002). Load Transfer
Mechanism Of Limestone Under Uniaxial
Compression Using The Particle Flow Method.
Hydrogeology & Engineering Geology. 39(6),
57-61(in Chinese)
[12] Zhang, D., Huang, X.M., (2015). Zhao, Y.L.,
(2015). Aggregate skeleton composition of
stone mastic asphalt and its contact properties[J]. Journal of Jilin University (Engineering
and Technology Edition). 45(2), 394-399
[13] Zhang, Y., (2015). Research on virtual tests of
asphalt mixture based on pfc3d[D]. School of
Transportation Southeast University.
[14] Ren, J.L., (2017). Macro-micro Analysis for
Fracture Characteristics of Asphalt Mixture
Using Dem at Low-temperature. Southeast
University
[15] Ng, T.T. (2001). Fabric Evolution of Ellipsoidal Arrays with Different Particle Shapes.
Joumal of Engineering Mechanics. 127(10),
994-999.

CONCLUSION
(1) The number of contact points, Nmax,
corresponding to the main directions of the contact
normal direction decreases with the increase of
shear deformation. The number of contact points
outside the main directions gradually increases but
far smaller than the reduced number of Nmax.
Therefore, the total number of contact points in the
specimen gradually decreases with the increase of
shear deformation.
f n (T )
(2) The contact force value
corresponding to the main directions of the normal
contact force increases first and then decreases with
the increase of shear deformation. The range of the
main direction parts of the normal contact force is
relatively small, which means a small number of
particles bear a relatively big normal force, and
stress concentration occur. This is when particle
breakages are prone to occur.
f t (T )
(3) The contact force value
corresponding to the main directions of the average
tangential contact force increases first and then
decreases with the increase of shear deformation.
The range of the main direction parts of the
tangential contact force is relatively small, which
means a small number of particles bear a relatively
big normal force, and stress concentration occur.
This is when shear deformation is prone to occur.
(4) The contact force distribution probability
shows a trend of first increase and then decrease,
and the normal stress and the tangential stress
probabilities both peak.
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EFFECTS OF DIFFERENT LAND USES ON SOME
PHYSICAL AND CHEMICAL PROPERTIES OF SOILS
ORIGINATED FROM THE VOLCANIC PARENT
MATERIALS
$OL5Õ]D2]WXUNPHQ*, (PUDK5DPD]DQRJOX
Department of Soil Science and Plant Nutrition, Harran University, Agricultural Faculty, Sanliurfa, Turkey

functioning ability of soils. Therefore, land use
change issue has to be managed professionally to
prevent socio-economic problems and to sustain
food and fiber security for all living organisms [2].
The proper management of agricultural lands,
ZKLFKDUHRIJUHDWLPSRUWDQFHIRUOLYLQJFUHDWXUHVRQ
earth requires maintaining and improving the quality
of soils [3]. The appropriate crop rotation in agricultural production conserves the existing organic carERQVWRFNVRIVRLOVDVZHOODVLQFUHDVHVWKHSRWHQWLDO
to sequester of carbon [4]. Land use type has a significant impact on the physical, chemical and biological properties of soils [5]. The studies investigating
the effects of different land uses indicated that land
use change directly affects aggregate stability, soil
reaction, bulk density, soil temperature, moisture
content, carbon content and the concentration of
plant available macro and micronutrients [6, 7, 8, 9,
10]. The differences in land use have a significant
effect especially on the physical properties of soils
[11, 12]. The main goal of proper land management
in arid and semi-DULGUHJLRQVZKHUH the precipitation
LV WKH RQO\ VRXUFH RI ZDWHU IRU FURS JURZWK LV WR
PDLQWDLQWKHHIILFLHQWXVHRIVRLOZDWHUE\SODQWV[13].
$SSURSULDWHPDQDJHPHQWRIODQGXVHFKDQJHVZRXOG
have plenty of benefits by increasing the coverage
area and production potential of arable lands and
pasture areas [14].
7KHZDWHUVWRUDJHFDSDFLW\RIDVRLOYDULHVFRQ
siderably depending on the soil structure, soil porosity and the particle size distribution [15]6RLOZDWHU
content has a strategic importance to maintain sustainable ODQGXVHDQGHIILFLHQWXVHRIZDWHUUHVRXUFHV
especially in arid and semi-arid regions [16]. Soil
depth, soil porosity and slope significantly affect soil
ZDWHUFRQWHQW[17]. Water content of soils dominated
by 2:1 type clay minerals has a significant effect on
LQRUJDQLF QLWURJHQ ZKLFK FDQ EH UHDGLO\ WDNHQ E\
plants and also potassium concentrations [18]. The
UHVHDUFKHUVKDYHVWDWHGWKDWVRLOZDWHUKROGLQJFDSDF
LW\ ZKLFK VLJQLILFDQWO\ FKDQJHV ZLWK WKH ODQG XVH
type, alters plant carbohydrate production and storage, mechanical resistance and temperature of the
soil and aeration of soils [19, 13, 20]. Insufficient
DYDLODEOHVRLOZDWHUFRQWHQWKDYHUHSRUWHGGHFUHDVLQJ

ABSTRACT
Determining the responses of soils to the climate and land use differences is important for the
sustainability of ecosystems in the arid and semi-arid
regions. In this study, the effect of different land uses
on some physical and chemical properties of soils
developed over volcanic parent materials under the
influence of semi-arid climate in Siverek district of
ùDQOÕXUIDSURYLQFHZDVLQYHVWLJDWHG'LVWXUEHGDQG
XQGLVWXUEHG VRLO VDPSOHV ZHUH FROOHFWHG IURP -30
cm soil depths (30 samples) in 6 different land uses
ZKHDW YLQH\DUG OHQWLO EDUOH\ RDN ZRRGODQG DQG
pasture). Chemical (pH, EC, total calcium carbonate,
organic matter) and physical properties (hydraulic
conductivity, aggregate stability, bulk density, texWXUH ILHOG FDSDFLW\ SHUPDQHQW ZLOWLQJ SRLnt, plant
DYDLODEOHZDWHUDQGLQILOWUDWLRQUDWH RIVRLOVZHUHGH
termined and the effects of different land uses on the
DIRUHPHQWLRQHG SURSHUWLHV ZHUH FRPSDUHG %XON
GHQVLW\DQGLQILOWUDWLRQUDWHZKLFKDUHFORVHO\UHODWHG
to the fertility function of soils, differed significantly
XQGHUGLIIHUHQWODQGXVHV 3 ZKLOHQRGLIIHU
HQFH ZDV IRXQG LQ DJJUHJDWH VWDELOLW\ 6RLO ZDWHU
FRQWHQWDWILHOGFDSDFLW\DQGSHUPDQHQWZLOWLQJSRLQW
significantly differed (P<0.05), and no difference
ZDVGHWHUPLQHGLQWKHSODQWDYDLODEOHZDWHUFRQWHQW
7KHUHVXOWVVKRZHGWKDWWKHODQGXVHW\SHVLQ
vestigated had significant impact on the major soil
properties that determine the behavior of the soils,
formed over volcanic materials.

KEYWORDS:
Volcanic parent material, Land use, Soil physical characteristics6RLOZDWHUFRQWHQW

INTRODUCTION
Soil is a vital natural source for all living organisms providing habitat and nutrients and fulfilling
many other functions to sustain the life on earth [1].
The increasing population, and land use changes due
WR WKH FUHDWLQJ QHZ SODFHV IRU VHWWOHPHQW RU QHZ
lands for cultivation caused serious degradation in
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WKHIUXLWZHLJKWLQPXOEHUU\WUHHVQHJDWLYHO\DIIHFW
ing the acidity and antioxidant characteristics of the
fruits [21].
7KHDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHWKHHI
fects of different land uses on some physical and
chemical properties of soils formed over volcanic
materials under semi-arid climate conditions.
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ZRRGODQG SDVWXUHV YLQH\DUGV EDUOH\ OHQWLOV DQG
ZKHDWILHOGV7KHFRRUGLQDWHVRIWKHVDPSOLQJORFD
WLRQVZHUHUHFRUGHGZLWKD*OREDO3RVLWLRQLQJ6\V
tem) (Figure 1). A total of 30 disturbed and 30 unGLVWXUEHGVRLOVDPSOHVZHUHFROOHFWHGLQFOXGLQJILYH
soil samples from each land use type of the study
area.
6RLO DQDO\VLV 'LVWXUEHG VRLO VDPSOHV ZHUH
dried under room temperature, roots and rock fragPHQWVZHUHUHPRYHGJURXQGDQGVLHYHGWKURXJKD
PPVLHYH'U\EXONGHQVLW\ZDVGHWHUPLQHGLQXQ
GLVWXUEHGVRLOVDPSOHV6RLOWH[WXUHZDVGHWHUPLQHG
by hydrometer method [25]. The hydraulic conducWLYLW\DWVDWXUDWLRQZDVPHDsured by applying a constant head [26]. Soil reaction (pH) and electrical conGXFWLYLW\ (&  RI VRLO VDPSOHV ZHUH GHWHUPLQHG LQ
 VRLO ZDWHU VROXWLRQ XVLQJ D S+-EC meter [27].
&DOFLXP FDUERQDWH FRQWHQW RI VRLO VDPSOHV ZHUH
measured by a Scheibler calcimeter [28]. Aggregate
stability, refers to the ability of soil aggregates to reVLVW GLVLQWHJUDWLRQ ZDV GHWHUPLQHG E\ WKH PHWKRG
described in Kemper and Rosenau [29]. Organic carERQZDVGHWHUPLQHGE\WKHZHWR[LGDWLRQPHWKRGRI
Walkley-%ODFN>30].

MATERIALS AND METHODS
'HVFULSWLRQRIWKHVWXG\DUHD. 7KLVVWXG\ZDV
FDUULHGRXWLQ6LYHUHNGLVWULFWRIùDQOÕXUIDSURYLQFH
7XUNH\ 7KH VRLOV ZHUH IRUPHG RYHU EDVDOW URFNV
RULJLQDWHGIURPWKHODYDIURP.DUDFDGD÷[22]. Soils
DUHJHQHUDOO\ORZLQRUJDQLFPDWWHUFRQWHQWDQGKLJK
in clay (45-60%) content [23]. Semi-arid climate
prevails in the study area and the highest annual temSHUDWXUHLQWKHVWXG\DUHDLVႏWKHORZHVWLVႏDQGWKHDQQXDODYHUDJHWHPSHUDWXUHLV
ႏ7KHDYHUDJHUHODWLYHKXPLGLW\LVDQGWKHDY
erage annual precipitation is 463.1 mm [24].
6RLOVDPSOLQJ. Disturbed and undisturbed soil
VDPSOHVZHUHFROOHFWHGIURP-30 cm depth of oak

FIGURE 1
7KHORFDWLRQRIVRLOVDPSOLQJSRLQWV
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6RLOZDWHUFRQWHQW. The undisturbed soil samSOHVZHUHVDWXUDWHGIRUKRXUVDQGHTXLOLEUDWHGWR
field capacity (-1/3 atm) matric potentials in a pressure plate apparatus (Figure 2A) [31]. Soil moisture
DWSHUPDQHQWZLOWLQJSRLQW -DWP ZDVGHWHUPLQHG
using disturbed soil samples (Figure %) [31].
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uses. 7KHUDQNLQJRIVRLOS+LQWKHVWXG\DUHDZDVDV
IROORZvineyard > barley > ZKHDW> pasture > oak
ZRodland > lentil. The highest pH value (7.54±0.04)
ZDVUHFRUGHGLQWKHYLQH\DUGVRLOVZKLOHWKHORZHVW
S+YDOXH  ZDVIRXQGLQOHQWLOILHOGV7KH
mean pH value (7.36±0.04) of soil samples in the
VWXG\DUHDZDVVOLJKWO\DONDOLQH Figure $7DEOH .
The differences in land use caused a significant difference in the electrical conductivity (EC) values of
WKHVRLOV7KHORZHVWPHDQ(&YDOXHZDVPHDVXUHG
in vineyard, barley and pasture areas (0.03±0.00 dS
m-1 ZKLOHWKHKLJKHVWPHDQ(&YDOXHZDVREWDLned
LQZKHDWFXOWLYDWHGILHOGV G6P-1). In genHUDO QR VDOLQLW\ SUREOHP ZDV GHWHFWHG LQ WKH VWXG\
area (Figure %7DEOH 
The differences in land use caused a significant
differences in total calcium carbonate content of
soils in different land uses. The total calcium carERQDWHFRQWHQWRIWKHVRLOVZDVUDQNHGDVYLQH\DUG!
RDNZRRGODQG!OHQWLO!EDUOH\!SDVWXUH!ZKHDWUH
spectively. The highest calcium carbonate content
 ZDVUHFRUGHGLQYLQH\DUGVRLOVDQGWKH
ORZHVWOLPHFRQWHQW  ZDVGHWHUPLQHG
LQZKHDWFXOWLYDWHGILHOGV7KHPHDQOLPH

6WDWLVWLFDO DQDO\VLV The significance in the
differences (P<0.05) for soil characteristics investiJDWHGDPRQJWKHODQGXVHVZDVDVVHVVHGE\DQDO\VLV
of variance (ANOVA) test. Duncan’s multiple range
WHVW 3 ZDVXVHGWRGLIIHUHQWLDWHWKHPHDQVIRU
each of soil properties in case ANOVA denoted sigQLILFDQW GLIIHUHQFHV 6WDWLVWLFDO DQDO\VLV ZHUH SHrIRUPHGXVLQJ6366VRIWZDUH

RESULTS AND DISCUSSION
7KH HIIHFWV RI GLIIHUHQW ODQG XVHV RQ VRLO
FKHPLFDO SURSHUWLHV Chemical properties of soils
are the most important indicators of soil fertility, and
a major component of soil quality. Soil reaction (pH)
ZDV VLJQLILFDQWO\ DIIHFWHG E\ WKH FKDQJHV LQ ODQG

FIGURE 2
6RLOZDWHUFRQWHQWDW$ )LHOGFDSDFLW\ DWP DQG% SHUPDQHQWZLOWLQJSRLQW DWP XVLQJWKHSUHV
VXUHSODWHPHWKRG
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FIGURE 
7KHFROXPQVVKRZWKHHIIHFWRIGLIIHUHQWODQGXVHRQWKHFKHPLFDOSURSHUWLHVRIVRLOV$ S+% (&& 7R
WDO&D&2 DQG' 2UJDQLF0DWWHU(DFKFROXPQLQGLFDWHVDGLIIHUHQWODQGXVH%DUVLQGLFDWHVWDQGDUGHU
URURIWKHPHDQV Q  %DUVZLWKGLIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDW3
rate of the soils differed significantly from each other
in the lands under different land uses. The infiltration
UDWHRIVRLOVXQGHUGLIIHUHQWODQGXVHVZHUHLQWKHRU
GHURIYLQH\DUG!SDVWXUH!RDNZRRGODQG!ZKHDW!
barley > lentil, respectively. The highest mean infiltration rate (2.25±0.19 mm h-1 ZDVREWDLQHGLQYLQH
yard, ZKLOHWKHORZHVWPHDQYDOXH(1.03±0.01 mm h1
 ZDV PHDVXUHG LQ OHQWLO cultivated fields (Figure
%7DEOH).
Aggregate stability did not differ significantly
under different land uses. Although mean aggregate
VWDELOLW\YDOXHVZHUHQRWVWDWLVWLFDOO\GLIIHUHQWDPRQJ
GLIIHUHQWODQGXVHVWKHPHDQYDOXHVZHUHTXLWHGLI
ferent. The aggregate stability values from high to
ORZZDVDVIROORZZKHDW!OHQWLO!EDUOH\! RDNZRRG
land> pasture> vineyard, respectively. The highest
DJJUHJDWHVWDELOLW\ZDVGHWHUPLQHGLQZKHDW 
  FXOWLYDWHG DUHDV ZKLOH WKH ORZHVW YDOXH
    ZDV UHFRUGHG LQ YLQH\DUG DUHDV
(Figure &7DEOH).
The clay and silt contents of soils under differHQWODQGXVHVZHUHVLJQLILFDQWO\GLIIHUHQWZKLOHWKH
VDQGFRQWHQWVRIVRLOVZHUHVLPLODU7KHKLJKHVWPHDQ
FOD\ FRQWHQW RI VRLOV ZHUH GHWHUPLQHG LQ WKH OHQWLO
   FXOWLYDWHG ILHOGV ZKLOH WKH ORZHVW
PHDQ FOD\ FRQWHQW ZDV LQ WKH RDN ZRRGODQG DUHDV
(33.31±0.71 %) (Figure ' 7DEOH   7KH KLJKHVW
PHDQVLOWFRQWHQWRIWKHVRLOVZDVUHFRUGHGLQWKH

content (1.04±0.05 %) of study area indicated that all
soils are lime-free (Figure & 7DEOH ). Organic
matter contents of soils under different land uses
ZHUH UHODWLYHO\ GLIIHUHQW IURP HDFK RWKHU 7KH RU
ganic matter content of soils under different land
XVHV ZHUH DV IROORZ ZKHDW! RDNZRRGODQG! YLQH
yard> pasture> lentil> barley, respectively. The
KLJKHVWPHDQRUJDQLFPDWWHUFRQWHQWZDVUHcorded in
ZKHDW  FXOWLYDWHGILHOGVDQGWKHORZHVW
PHDQ RUJDQLF PDWWHU FRQWHQW   ZDV
found in lentil cultivated fields. The mean organic
matter content of study area indicates that the organic matter content of the soils (1.46±0.05%) ZDV
ORZ Figure '7DEOH).
7KH HIIHFWV RI GLIIHUHQW ODQG XVHV RQ VRLO
SK\VLFDO SURSHUWLHV  The physical properties of
VRLOV DUH LQ FRQVWDQW LQWHUDFWLRQ ZLWK WKH FKHPLFDO
SURSHUWLHV RI WKH VRLOV 7KHVH SURSHUWLHVZKLFK DUH
significantly affected by each other, have major impacts on living organisms and provision of ecosystem services. The bulk density of soils under differHQW ODQG XVHV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW IURP
each other. The order of bulk density values in the
GLIIHUHQWODQGXVHVZDVLQthe order of pasture> barOH\ YLQH\DUG!ZKHDW!RDNZRRGODQG!OHQWLOUH
VSHFWLYHO\7KHKLJKHVWEXONGHQVLW\ZDVGHWHUPLQHG
in pasture (1.30±0.01 g cm-3  DQG WKH ORZHVW EXON
GHQVLW\ZDVUHFRUGHGLQOHQWLOFXOWLYDWHG 
g cm-3) fields (Figure $ Table 2). The infiltration
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TABLE 1
7KHUHVXOWVRIVRLOFKHPLFDOSURSHUWLHVDQGWKHYDULDQFHDQDO\VLV
6RLO &KHPLFDO3DUDPHWHUV
/DQG8VH
Q
0HDQ6(
F
Oak Woodland
5
7.21 ± 0.03
Vineyard
5
7.54 ± 0.04
%DUOH\
5
7.50 ± 0.06
pH
Pasture
5
7.25 ± 0.08
10.861
Lentil
5
7.14 ± 0.01
Wheat
5
7.37 ± 0.04
Total
30
7.33 ± 0.04
Oak Woodland
5
0.03 ± 0.00
Vineyard
5
0.03 ± 0.00
%DUOH\
5
0.03 ± 0.00
EC
Pasture
5
0.03 ± 0.01
3.03
(dS m-1)
Lentil
5
0.04 ± 0.00
Wheat
5
0.05 ± 0.04
Total
30
0.04 ± 0.00
Oak Woodland
5
1.14 ± 0.12
Vineyard
5
1.25 ± 0.07
%DUOH\
5
1.02 ± 0.10
Total CaCO3
Pasture
5
1.01 ± 0.14
2.37
(%)
Lentil
5
1.10 ± 0.02
Wheat
5
0.75 ± 0.02
Total
30
1.04 ± 0.05
Oak Woodland
5
1.57 ± 0.10
Vineyard
5
1.50 ± 0.03
%DUOH\
5
1.31 ± 0.05
Organic Matter
Pasture
5
1.48 ± 0.15
1.97
(%)
Lentil
5
1.37 ± 0.01
Wheat
5
1.58 ± 0.02
Total
30
1.46 ± 0.05
ZKHDW  FXOWLYDWHGILHOGVDQGWKHORZ
est mean VLOW FRQWHQW ZDV PHDVXUHG LQ WKH OHQWLO
(36.46%±0.49 %) cultivated fields (Figure (7DEOH
 6DQGFRQWHQWRIVRLOVZDVQRWVLJQLILFDQWO\GLIIHU
ent among different land uses (Figure )7DEOH).

P

0.00

0.03

0.07

0.13

   FXOWLYDWHG ILHOGV DQG WKH ORZHVW
YDOXHZDVLQSDVWXUH .57 %) lands. The field
FDSDFLW\PRLVWXUHFRQWHQWVYDOXHVZHUHUDQNHGIURP
KLJKHVWWRORZHVWDVIROORZOHQWLO!EDUOH\!ZKHDW!
YLQH\DUG! RDN ZRRGODQG! SDVWXUH UHVSHFWLYHO\
(Figure $7DEOH 7KHSHUPDQHQWZLOWLQJSRLQWRI
soils has been significantly affected by the difference
LQODQGXVH7KHKLJKHVWSHUPDQHQWZLOWLQJSRLQWZDV
UHFRUGHG LQ WKH ZKHDW FXOWLYDWHG    
ILHOGV DQG WKH ORZHVW YDOXH ZDV LQ RDN ZRRGODQG
(26.60±0.60 %) areas (Figure %7DEOH). Plant

7KH HIIHFWV RI GLIIHUHQW ODQG XVHV RQ ZDWHU
FRQWHQWV RI VRLOV Field capacity of soils in oak
ZRRGODQG DQG SDVWXUH ODQGV ZDV GLIIHUHG VLJQLIL
cantly from other land uses. The highest field capacLW\ ZDWHU FRQWHQW ZDV GHWHUPLQHG LQ OHQWLO

),*85(
7KHFROXPQVVKRZWKHHIIHFWRIGLIIHUHQWODQGXVHVRQVRLOZDWHUFRQWHQWV
$ )LHOGFDSDFLW\% 3HUPDQHQWZLOWLQJSRLQW& $YDLODEOHZDWHUFDSDFLW\(DFKFROXPQLQGLFDWHVDGLIIHUHQWODQGXVH%DUV
indicate ± standard error of the means Q  %DUVZLWKGLIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVIURPRQHDQRWKHUDF
FRUGLQJWR'XQFDQ¶V0XOWLSOH5DQJH7HVWDW3
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TABLE 2
$QDO\VHVRIVRLOSK\VLFDOSDUDPHWHUVXVLQJ$129$
6RLO3K\VLFDO 3DUDPHWHUV
/DQG8VH
N
0HDQ6(
F
Oak Woodland
5
1.26 ± 0.00
Vineyard
5
1.29 ± 0.00
%DUOH\
5
1.29 ± 0.00
%XON'HQVLW\
Pasture
5
1.30 ± 0.01
4.92
(g cm-3)
Lentil
5
1.22 ± 0.00
Wheat
5
1.27 ± 0.01
Total
30
1.27 ± 0.00
Oak Woodland
5
1.62 ± 0.15
Vineyard
5
2.25 ± 0.19
Infiltration
%DUOH\
5
1.17 ± 0.09
Rate
Pasture
5
2.24 ± 0.26
10.55
(mm/hour)
Lentil
5
1.03 ± 0.01
Wheat
5
1.20 ± 0.03
Total
30
1.58 ± 0.11
Oak Woodland
5
30.01 ± 1.66
Vineyard
5
23.86 ± 2.62
Silt (%)
%DUOH\
5
28.42 ± 1.06
Pasture
5
28.08 ± 1.00
3.71
Lentil
5
23.47 ± 0.89
Wheat
5
19.79 ± 0.41
Total
30
26.60 ± 0.98
Oak Woodland
5
33.31 ± 0.71
Vineyard
5
36.85 ± 3.24
%DUOH\
5
34.71 ± 0.88
Clay (%)
Pasture
5
34.89 ± 1.94
2.50
Lentil
5
43.40 ± 3.28
Wheat
5
40.35 ± 0.39
Total
30
37.25 ± 1.04
Oak Woodland
5
36.67 ± 1.68
Vineyard
5
39.28 ± 1.31
%DUOH\
5
36.86 ± 0.85
Sand (%)
Pasture
5
37.02 ± 0.99
1.13
Lentil
5
36.46 ± 0.49
Wheat
5
39.85 ± 0.09
Total
30
37.69 ± 0.56
Oak Woodland
5
62.53 ± 7.20
Vineyard
5
50.10 ± 12.92
Aggregate
%DUOH\
5
64.03 ± 8.58
Stability
Pasture
5
53.28 ± 2.81
1.38
(%)
Lentil
5
72.73 ± 0.24
Wheat
5
83.38 ± 1.58
Total
30
64.34 ± 4.10
DYDLODEOHZDWHUFRQWHQWRIVRLOVZDVQRWVLJQLILFDQWO\
DIIHFWHGE\ODQGXVHZKLOHWKHDYDLODEOHZDWHUFRQ
WHQWWKHZKHDWFXOWLYDWHGILHOGVZDVVWDWLVWLFDOO\GLI
ferent from other land uses (Figure &7DEOH).
7KHHIIHFWVRIGLIIHUHQWODQGXVHVRQFKHPLFDO
SURSHUWLHV RI VRLOV. The increase in calcium carbonate content of soils in the study area caused an inFUHDVHLQVRLOS+YDOXH/LQHDUUHODWLRQVKLSZDVRE
WDLQHGEHWZHHQWKHWRWDOFDOFLXPFDUERQDWHFRQWHQWRI
soils and the pH values. The increase in calcium concentration of soils is one of the most important causes
of the high calcium carbonate content and pH values
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P

0.00

0.00

0.02

0.06

0.37

0.27

in soils [32, 33, 34]. Previous studies indicated that
calcium fertilizer has been frequently used in vineyard areas, because the increase in calcium causes an
increase in the fruit yield, total phenols, fruit sugar
ratio, grain size, glucose ratio and commercial value
of fruit [35, 36, 37]. Although soil pH varies dependLQJRQWKHW\SHRIRDNLQRDNZRRGODQGDUHDVsoil pH
YDOXHVKDYHEHHQUHSRUWHGJHQHUDOO\ORZHUFRPSDUHG
to most of the agricultural fields [38]. Study area is
under the influence of a semi-DULGFOLPDWHWKHUHIRUH
EDUOH\ZLQWHUOHQWLODQGZKHDWDUHFRPPRQO\FXOWL
vated in agricultural fields
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FIGURE 4
7KHFROXPQVVKRZWKHHIIHFWRIGLIIHUHQWODQGXVHVRQWKHSK\VLFDOSURSHUWLHVRIVRLOV
$ EXONGHQVLW\% LQILOWUDWLRQUDWH& DJJUHJDWHVWDELOLW\' FOD\( VLOWDQG) VDQG(DFKFROXPQLQGLFDWHVDGLIIHUHQW land
use. %DUVLQGLFDWHVWDQGDUGHUURURIWKHPHDQV Q  %DUVZLWKGLIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHVDW30.05.

7$%/(
$QDO\VHVRIVRLOZDWHUFRQWHQWDQGWKHUHVXOWVRI$129$WHVW
6RLO:DWHU&RQWHQW 3DUDPHWHUV
/DQG8VH
Q
0HDQ6(
Oak Woodland
5
35.63 ± 0.38
Vineyard
5
41.21 ± 0.77
)LHOG
%DUOH\
5
43.32 ± 0.96
&DSDFLW\
Pasture
5
32.80 ± 3.57

Lentil
5
45.13 ± 0.37
Wheat
5
41.93 ± 0.24
Total
30
40.00 ± 0.91
Oak Woodland
5
26.60 ± 0.60
Vineyard
5
31.96 ± 0.40
3HUPDQHQW
%DUOH\
5
33.98 ± 0.32
:LOWLQJ
Pasture
5
23.73 ± 4.01
3RLQW
Lentil
5
36.13 ± 0.50

Wheat
5
36.20 ± 0.38
Total
30
31.43 ± 0.96
Oak Woodland
5
9.03 ± 0.70
Vineyard
5
9.25 ± 1.06
$YDLODEOH
%DUOH\
5
9.34 ± 1.20
ZDWHU
Pasture
5
9.06 ± 0.93
&DSDFLW\
Lentil
5
9.00 ± 0.15

Wheat
5
5.73 ± 0.23
Total
30
8.56 ± 0.42
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F

P

14.29

0.00

16.57

0.00

1.50

0.23
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Commercial vineyards have been established in
VRPH DUHDV ZKHUH WKH GULOOHG LUULJDWLRQ ZHOOV DUH
available. Crop residues remain on soil surface after
WKHKDUYHVWRIWKHFURSVSODQWHGLQWKHZLQWHUVHDVRQ
7KHSODQWUHVLGXHVZKLFKKDYHKLJKFDUERQFRQWHQWV
remaining in the soil caused an increase in the organic matter content of the soils. The studies reSRUWHGWKDWZKHDWVWDONVFDXVHDQLQFUHDVHLQWKHFDU
bon content of the soils, and therefore the soil organic matter also increases [39, 40, 41, 42]. Previous
studies reported that organic matter content and carERQVWRFNVRIVRLOVLQRDNZRRGODQGVDUHKLJK>43,
44, 45].
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significantly different among different land uses,
ZKLOHWKHGLIIHUHQFHLQSODQWDYDLODEOHZDWHUFRQWHQW
ZDVLQVLJQLILFDQW7KHILHOGFDSDFLW\DQGSHUPDQHQW
ZLOWLQJSRLQWPRLVWXUHFRQWHQWVLQRDNZRRGODQGDQG
SDVWXUHODQGZHUHFORVHWRHDFKRWKHUVLPLODUO\, these
YDOXHV ZHUH VLPLODU LQ YLQH\DUG OHQWLO ZKHDW DQG
barley cultivated fields. The size and distribution of
SRUHVDUHFRQVWDQWO\DUUDQJHGZLWKWKHWLOODJHSUDF
WLFHVWKHUHIRUHZDWHUFRQWHQWVRIVRLOVLQFXOWLYDWHG
ILHOGV YLQH\DUG OHQWLO ZKHDW DQG EDUOH\  ZHUH
higher than the no-WLOOHGSDVWXUHDQGRDNZRRGODQGV
0DQ\VWXGLHVKDYHDOVRVWDWHGWKDWZDWHUVWRUDJHLQ
RDNZRRGODQGVLVORZHUGXHWRWKHFDSLOODU\SRURXV
structure [56, 57, 58].

7KHHIIHFWVRIODQGXVHRQSK\VLFDOSURSHUWLHV
RIVRLOV. The physical properties of soils are of great
importance due to the positive impacts on soil fertility and the environmental quality [31]%XONGHQVLW\
of soils is considered an important indicator of soil
compaction [46]. The highest bulk density in the
VWXG\DUHDZDVUHFRUGHGLQWKHSDVWXUHODQGV6LPLODU
to our findings, many studies reported that soil bulk
density in the pasture lands are high, because of extensive grazing and lack of tillage [47, 48]. The agJUHJDWHVWDELOLW\YDOXHLQWKHZKHDWFXOWLYDWHGILHOGV
ZDVKLJKHUWKDQWKDWRIWKHRWKHUODQGXVHV+LJKDJ
gregate stability in ZKHDW FXOWLYDWHG ILHOGV ZDV LQ
DJUHHPHQWZLWKWKHKLJKHURUJDQLFPDWWHUFRQWHQWLQ
WKH ZKHDW FXOWLYDWHG ILHOGV 0DQ\ VWXGLHV KDYH UH
SRUWHG SRVLWLYH FRUUHODWLRQV EHWZHHQ DJJUHJDWH VWD
bility values and organic matter contents of soils [49,
50]. Increasing thH SHQHWUDWLRQ UDWLR RI VRLO ZDWHU
from soil surface to deeper part of soil profile decreases soil erosion. The highest infiltration rate in
WKH VWXG\ DUHD ZDV PHDVXUHG LQ WKH LUULJDWHG YLQH
yards. Similar to the findings obtained in this study,
the highest LQILOWUDWLRQUDWLRZDVDOVRUHSRUWHGLQWKH
YLQH\DUGVORFDWHGLQWKHUHJLRQVZKHUHWKHSUHFLSLWD
WLRQ ZDV KLJKHU WKDQ WKH SUHFLSLWDWLRQ RI WKH VWXG\
area [51, 14]. Soil texture is of vital importance for
WKHVWRUDJHRIVRLOZDWHUDQGHIIHFWLYHZDWHUXVHRI
plants in semi-DULGUHJLRQVDVZHOODVWKHDPRXQWRI
carbon and nitrogen and microbiological activity in
the soil [52]. Insufficient precipitation and irrigation
problems in semi-arid regions mask the differences
RQJURZWKDQGFURS\LHOGFDXVHGE\SDUWLFOe size disWULEXWLRQ RI VRLOV 7KH FOD\ FRQWHQW LQ ZKHDW FXOWL
YDWHGILHOGVZDVKLJKHUFRPSDUHGWRWKHRWKHUXVHV
High clay content of soils caused an increase in the
RUJDQLFPDWWHUFRQWHQWRIWKHVRLOVLQWKHZKHDWFXO
tivated fields. Similarly, organic matter content of
VRLOVZLWKKLJKFOD\FRQWHQWZDVUHSRUWHGWREHKLJKHU
WKDQWKHVRLOVZLWKKLJKVDQGFRQWHQW[53, 54].

RECOMMENDATIONS
The results of the study indicated that the difference in land use has significant effect on some
SK\VLFDODQGFKHPLFDOSURSHUWLHVDQGZDWHUFRQWHQW
of the soils in arid and semi-arid climate. Future
studies on land use effect on soil characteristics
should include the effects of soil particle size distribution and climatic characteristics (precipitation and
WHPSHUDWXUH DORQJZLWKWKHFURSSDWWHUQ7KHUHVXOWV
obtained in this study concluded that different land
uses may have an impact on tilled and no-tilled soils.
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cal and pathological processes [2]. Thus, in many
tissues of the body, it is important to establish of
body fluids, enabling the accumulation of H+ and
HCO3- ions [2, 3]. CA was characterized sixteen
isozymes up to now in mammals. Some of these
isozymes are cytosolic such as CA I and CA II [2].
CA isozymes are associated to many diseases such
as glaucoma, obesity, cancer, epilepsy, and osteoporosis [2-7]. It also suggests that CA activation
may provide a new treatment option for Alzheimer's disease [3].
Cancer is a complex common disease, is one
of the leading causes of death worldwide. It is
caused abnormal cell growth with uncontrolled cell
division and due to a variety of gene mutations [8].
Treatment of cancer is based on chemotherapy,
radiotheraphy and surgery. Chemotherapy is one of
the most important procedures for cancer treatment
[9]. The anticancer drugs don’t distinguish from
tumor cells to normal growing cells and tissues.
These drugs cause undesirable side effects during
the chemotherapy [10].
In this study, the aim is to investigate the effects of anticancer drugs on cytosolic isoforms CA I
and II. There were many studies on CA isozymes
inhibition with sulfonamides [2, 3] but there are not
many studies about CA isozymes inhibited especially by anticancer drugs. In this present work,
anticancer drugs are used to investigate their inhibition abilities for CA isozymes, inhibition types, and
Ki values.

ABSTRACT
Anticancer drugs are widely used cancer
treatment. Human carbonic anhydrase I and II were
shown widely distribution with erythrocytes so it is
important to understand how effect is anticancer
drugs these isozymes. In this aim, paclitaxel, irinotecan, oxaliplatin, docetaxel and epirubicin studied in vitro effect on human carbonic anhydrases I
and II obtained from human erythrocytes. Carbonic
anhydrase isozymes were purified with affinity
chromatography by Sepharose 4B-ethylene diamine-4-thioureido benzenesulfanamide gel and the
purity of the isozymes has been checked a single
band by sodium dodecyl sulphate polyacrylamide
gel electrophoresis. IC50 values, inhibition constants
(Ki) and inhibition types were determined with
anticancer drugs on human carbonic anhydrase I
and II. Competitive type inhibition was obtained
with irinotecan on human carbonic anhydrase I but
uncompetitive inhibition was seen on human carbonic anhydrase II using p-nitrophenyl acetate as a
substrate. Non-competitive inhibition type was
determined with docataxel, paclitaxel and oxaliplatin on human carbonic anhydrase I and II. Epirubicin was shown uncompetitive inhibition type on
studied isozymes. Docataxel showed the greatest
inhibition with the IC50 value 8.59 μmol/L on human carbonic anhydrase I. But there is less inhibition was seen with docataxel for human carbonic
anhydrase II. The results of study show that anticancer drugs also have an important role in inhibiting human carbonic anhydrases I and II.

MATERIALS AND METHODS
Sepharose 4B, l-tyrosine, sodium sulfate, sodium mono hydrogen phosphate, sodium di hydrogen phosphate, sodium acetate, p-nitrophenyl acetate, phenol red, HCl, sulfuric acid and ammonium
sulfate were purchased from Sigma-Aldrich (St
Louis, MO, USA). Tris-base, glycine and NaCl
were purchased from Merck (Darmstadt, Germany).
All other chemicals were of the highest quality
available. Solutions were prepared in doubly distilled water.

KEYWORDS:
Carbonic anhydrase isozymes, inhibition constants, inhibition type, anticancer drug

INTRODUCTION
Carbonic anhydrase (CA, E.C.4.2.1.1) is a
metalloenzyme with a Zn2+ ion [1] the abundance
of several CA isoforms is in plants, animals and
microorganisms. Carbonic anhydrase isozymes are
a broad family of enzymes involved in physiologi-
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respectively, containing 0.1% sodium dodecyl sulphate according to Laemmli procedure [15].

Purification of carbonic anhydrase from
human erythrocytes. Human blood samples were
acquired from the Balikesir University Faculty of
Medicine, using bottles containing anticoagulant.
The blood samples were centrifuged at 5000 rpm
for 20 min and the plasma and buffy coat were
removed. The erythrocytes were hemolyzed with 2
volumes of cold distilled water. Intact cells were
removed by centrifugation at 15000 rpm for 30 min
at 4 °C. The hemolysate was applied to an affinity
chromatography column with filling Sepharose 4Bethylene diamine-4-isothiocyanato-benzenesulfonamide affinity gel equilibrated with 25 mmol/L Tris
/0.1 M Na2SO4 (pH 8.5) buffer [11]. The affinity
gel was washed with 25 mM Tris/22 mM Na2SO4
(pH 8.5) buffer. Elution buffers were 1 M NaCl /50
mM Na2HPO4 (pH 6.3) for CA I and 0.1 M
CH3COONa/0.5 M NaClO4 (pH 5.6) for CA II.
Protein determination. After affinity chromatography, the tubes containing the enzyme were
identified spectrophotometrically at 280 nm.
Amount of protein was determined spectrophotometrically at 595 nm according to Bradford [12]
during the purification steps, using bovine serum
albumin as standard.

1

2

FIGURE 1
Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) of carbonic
anhydrase (CA) isoenzymes purified from
erythrocytes
(line 1, standard molecular mass markers [kDa]; line 2,
CA I; line 3, CA II)

Measurement of enzyme activities. CA activity was measured by the method of Maren [13],
which is based on the determination of the time
required for solution pH to decrease from 10.0 to
7.4 due to hydration of CO2.
Esterase activity was determined using a UVVisible spectrophotometer by measuring the increase in absorbance at 348 nm for p-nitrophenyl
acetate as substrate. The sample cuvette contained
0.05 mL of the enzyme purified from erythrocytes,
0.45 mL of 0.05 mol/L Tris-SO4 (pH 7.4) buffer
solutions and 0.5 mL of 0.1 M substrate solution
[14].

TABLE 1
IC50 values of the anticancer drugs
Anticancer drugs
(IC50)
Docataxel
Paclitaxel
Epirubicin
Oxaliplatin
Irinotecan

CA I x10-5
mol/L
0.859
42.5608
45.125
25.478
45.580

CA II x10-5
mol/L
47.075
27.775
20.736
255.51
42.958

TABLE 2
Ki values of the anticancer drugs
Anticancer
drugs
Docataxel
Paclitaxel
Epirubicin
Oxaliplatin
Irinotecan

Effect of inhibitors. Inhibition of CA by
paclitaxel, irinotecan, oxaliplatin, docetaxel, and
epirubicin as inhibitors of enzyme was measured
for p-nitrophenyl acetate substrate. The reaction
mixture of 1 mL contained the substrate solutions at
various concentrations in 50 mM Tris-SO4 buffer
(pH 7.4), 0.05 mL enzyme solution and the inhibiWRUVROXWLRQDW¿[HGFRQFHQWUDWLRQV7KHDEVHQFHRI
inhibitor was used as the control. Control activity
was taken as 100 %. IC50 values were calculated
from activity (%)-inhibitor concentration graph and
inhibition constants (Ki) were deduced from the
Lineweaver-Burk plots for each inhibitor.

CA I (Ki) x10-5
mol/L
58.437
51.756
29.188
22.666
142.664

CA II (Ki) x10-5
mol/L
39.215
59.119
24.582
10.855
120.424

RESULTS AND DISCUSSION
CA I and II isozymes purified from erythrocytes with an affinity chromatography by a Sepharose 4B-ethylene diamine-4-isothiocyanatobenzene sulfonamide affinity gel. The purity of the
isoenzymes has been checked by SDS-PAGE and a
single band has been detected corresponding to 30
kDa (Figure 1).
IC50 values (in Table 1), Ki values and inhibition type are given Table 2 and Table 3, respective-

Sodium dodecyl sulphate polyacrylamide
gel electrophoresis. Purity control of carbonic
anhydrase isozymes was carried out at 10 % and 3
% acrylamide for the running and the stacking gel,
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ly. IC50 values were found to be lower in studies
with commercially available isozymes with anticancer drugs. In present study, the IC50 values were
higher than the values in literature [16].

can still bind to the enzyme-substrate complex. It
cannot bind to free CA isozymes.
Oxaliplatin is a platinum-based chemodrug
and is used the most important therapeutic agents in
the treatment of various solid tumors. Anticancer
activity of oxaliplatin inhibits DNA replication and
transcription [21]. Oxaliplatin is indicated for tumors of the digestive tract, mainly in advanced
colorectal cancers but also of the esophagus, stomach, liver, and pancreas [19]. Oxaliplatin was
showed non-competitive inhibition using pnitrophenyl acetate as a substrate on CA I and CA
II. It was found IC50 value of oxaliplatin 254.78
μmol/L and 2555.10 μmol/L for CA I and CA II
isozymes, respectively. There is less inhibition was
seen with oxaliplatin for CA II in other anticancer
drug.
Paclitaxel is a extremely prescribed anticancer
agent, is routinely used in the treatment of various
cancers such as breast, ovarian, pancreatic, oesophageal, bladder, head and neck, cervical, endometrial
cancers, lung cancer [9, 17, 22]. Paclitaxel was seen
non-competitive inhibition using p-nitrophenyl
acetate as a substrate on CA I (Figure 3) and CA II.
In this study, IC50 values were found for CA I and
CA II isozymes as of 425.60 μmol/Land 277.75
μmol/L, respectively.
Irinotecan, a Camptothecin derivative is a
DNA topoisomerase I inhibitor so inhibits the replication of tumor cells [23, 24]. It is used for treating
malignant glioma and pancreatic adenocarcinoma
[25] that is successfully used for the treatment of
this rapidly progressing malignancy and finds its
place in the first line of therapeutic agents [22]. In
this study, it was observed competitive inhibition
type on CA I enzyme but uncompetitive inhibition
was seen on CA II isozyme with this drug. IC50
value for CA I and CA II isozymes were obtained
455.80 μmol/L and 429.58 μmol/L, respectively.

TABLE 3
Inhibition type of the anticancer drugs
Anticancer drugs
Docataxel
Paclitaxel
Epirubicin
Oxaliplatin
Irinotecan

CA I
(inhibition type)
Non-competitive
Non-competitive
Uncompetitive
Non-competitive
Competitive
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CA II
(inhibition type)
Non-competitive
Non-competitive
Uncompetitive
Non-competitive
Un-competitive

There are several anticancer drugs for treatment of cancer [17]. One of these, Docetaxel is a
clinically well-established cytotoxic drug with
inhibitory properties on mitosis. It has been used
especially for the treatment of hormone refractory
prostate cancers [18]. It is one of the most effective
anticancer drugs to treat colorectal, gastric, breast
and lung cancers, and multiple myeloma [19]. In
this study, docataxel, among anticancer drugs
showed the greatest inhibition with the IC50 value
8.59 μmol/L on CA I isozyme (Figure 2). But there
is less inhibition was seen with docataxel for CA II
as IC50 value of 470.75 μmol/L. Docataxel have
showed non-competitive inhibition on CA I and CA
II. Docataxel and substrate can bind simultaneously
to isozymes molecule at different binding site.
The anthracycline family is an Epirubicin is
used the most common anticancer drug in liver
cancer. Nevertheless, it has serious destructive
effects on organs, such as cardio, liver, bone marrow and gastrointestinal system [20]. Epirubicin,
showed the greatest inhibition on CA II (IC50:
207.36 μmol/L). IC50 value was 451.25 μmol/Lfor
CA I. The inhibition type of Epirubicin is uncompetitive inhibition for CA I and CA II. Epirubicin

FIGURE 2
Effect of various concentrations (μmol/L) of Docataxel on the activities of CA I
(Other graphics are not shown here)
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FIGURE 3
Lineweaver-Burk graph of CA I for Paclitaxel
[2] Supuran, C.T. (2010) Carbonic anhydrase
inhibitors. Bioorg. Med. Chem. Lett. 20, 34673474.
[3] Supuran, C.T., Scozzafava, A. (2007) Carbonic
anhydrases as targets for medicinal chemistry.
Bioorg. Med. Chem. 15, 4336-4350.
[4] Supuran, C.T., Scozzafava, A., Casini, A.
(2003) Carbonic anhydrase inhibitors. Med.
Res. Rev. 23, 146-189.
[5] Vullo, D., Voipio, J., Innocenti, A., Rivera, C.,
Ranki, H., Scozzafava, A., Kaila, K., Supuran,
C.T. (2005) Carbonic anhydrase inhibitors. Inhibition of the human cytosolic isozyme VII
with aromatic and heterocyclic sulfonamides.
Bioorg. Med. Chem. Lett. 15, 971-976.
[6] Vullo, D., Innocenti, A., Nishimori, I., Pastorek, J., Scozzafava, A., Supuran, C.T. (2005)
Carbonic anhydrase inhibitors. Inhibition of the
transmembrane isozyme XII with sulfonamides
- A new target for the design of antitumor and
antiglaucoma drugs? Bioorg. Med. Chem. Lett.
15, 963-969.
[7] Supuran, C.T. (2016) Structure and function of
carbonic anhydrases. Biochem. J. 473, 20232032.
[8] Tay, K.-C., Tan, L.T.-H., Chan, C.K., Hong,
S.L., Chan, K.-G., Yap, W.H., Pusparajah, P.,
Lee, L.-H., Goh, B.-H. (2019) Formononetin:
A review of its anticancer potentials and mechanisms. Front. Pharmacol. 820, 1-10.
[9] Meerovich, I., Nichols, M.G., Dash, A.K.
(2019) Low-intensity light-induced paclitaxel
release from lipid-based nano-delivery systems. J. Drug Target. 27, 971-983.
[10] Novak, M., Zegura, B., Modic, B., Health, E.,
Filipic, M. (2017) Cytotoxicity and genotoxicity of anticancer drug residues and their mixWXUHVLQH[SHULPHQWDOPRGHOZLWK]HEUD¿Vh liver cells. Sci. Total Environ. 601–602, 293-300.

CONCLUSION
The activity of many enzymes can be inhibited
by the binding of specific molecules and ions. This
means of inhibiting enzyme activity serves as a
major control mechanism in biological systems.
Consequently, this manuscript describes the interaction between antitumor drugs with CA I and CA II
from human erythrocytes. CA I and II isozymes
were shown different inhibition types with anticancer drug. Determination of the inhibition type
and Ki values of the drugs being studied will facilitate understanding of the effects of new anticancer
drugs and investigations may yield an important
new approach to cancer therapy.

ACKNOWLEDGEMENTS
All authors declared that they have no conflicts of interest.
Prof. Dr. Oktay Arslan, Assoc. Dr. Serap
Beyaztas Uzunoglu, and Assoc. Dr. Tayfun Uzunoglu conceived and designed the study. Assoc. Dr.
Serap Beyaztas Uzunoglu and Assoc. Dr. Tayfun
Uzunoglu performed the experiments. Assoc. Dr.
Tayfun Uzunoglu and Assoc. Dr. Serap Beyaztas
Uzunoglu wrote the paper.

REFERENCES
[1] Innocenti, A., Antel, J., Wurl, M., Vullo, D.,
Firnges, M.A., Scozzafava, A., Supuran, C.T.
(2005) Carbonic anhydrase inhibitors. Inhibition of isozymes I, II, IV, V and IX with comSOH[ ÀXRULGHV FKORULGHV DQG F\DQLGHV. Bioorg.
Med. Chem. Lett. 15, 1909-1913.

11464

© by PSP

Volume 29 – No. 12A/2020 pages 11461-11465

[11] Bozdag, M., Isik, S., Beyaztas, S., Arslan, O.,
Supuran, C. (2015) Synthesis of a novel affinity gel for the purification of carbonic anhydrases. J. Enzyme Inhib. Med. Chem. 30, 240244.
[12] Bradford, M.M. (1976) A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem. 72, 248254.
[13] Maren, T.H. (1960) A simplified micromethod
for the determination of carbonic anhydrase
and its inhibitors. J. Pharmacol. Experiment.
Ther. 130, 26-29.
[14] Arslan, O., Nalbantoglu, B., Demir, N.,
Ozdemir, H., Küfrevioglu, O.I. (1996) A new
method for the purification of carbonic anhydrase isozymes by affinity chromatography.
Turk J. Med. Sci. 26, 163-166.
[15] Laemmli, D.K. (1970) Cleavage of structural
proteins during assembly of the head of bacteriophage T4. Nature. 227, 680-683.
[16] Guler, O.O., Arslan, O., Kockar, F. (2008)
Differential in vitro inhibitory effects of anticancer drugs on tumor associated carbonic anhydrase isozymes CA IX and CA XII. Methods
Find. Exp. Clin. Pharmacol. 30, 335-335.
[17] Torok, B. and Dransfield, T.J. (2017) Plant cell
fermentation of the potent antitumor agent
paclitaxel. In: Green chemistry: An inclusive
approach. Chap. 3. Elsevier, Amsterdam, 350356.
[18] Loiseau, A., Boudon, J., Miriolet, C., Crehange, G., Millot, N. (2017) Taxane-Grafted
Metal-Oxide Nanoparticles as a New
Theranostic Tool against Cancer: The Promising Example of Docetaxel-Functionalized Titanate Nanotubes on Prostate Tumors. Adv.
Healthc. Mater. 6, 1700245-1700254.
[19] Kerckhove, N., Collin, A., Condé, S.,
Chaleteix, C., Pezet, D., Balayssac, D. (2017)
Long-Term Effects, Pathophysiological Mechanisms, and Risk Factors of ChemotherapyInduced Peripheral Neuropathies: A Comprehensive Literature Review. Front. Pharmacol.
8, 1-17.
[20] Ling, N., Zhou, X., Ji, Y., Li, W., Ji, C., Qi, Z.
(2017) Immuno-modulatory and cellular antioxidant activities of k-selenocarrageenan in
combination with Epirubicin in H22 hepatomabearing mice. Biomed. Pharmacother. 91, 132135.
[21] Ray, B., Gupta, B., Mehrotra, R. (2019) Binding of platinum derivative, oxaliplatin to deoxyribonucleic acid: structural insight into antitumor action. J. Biomol. Struct. Dyn. 37, 38383847.

Fresenius Environmental Bulletin

[22] Xiong, X.Y., Pan, X., Tao, L., Cheng, F., Li,
Z.L., Gong, Y.C., Li, Y.P. (2017) Enhanced effect of folated pluronic F87-PLA/TPGS mixed
micelles on targeted delivery of paclitaxel. Int.
J. Bio.l Macromol. 103, 1011-1018.
[23] Fujita, K., Kubota, Y., Ishida, H., Sasaki, Y.
(2015) Irinotecan, a key chemotherapeutic drug
for metastatic colorectal cancer. World J. Gastroenterol. 21, 12234-12248.
[24] Kim, J., Lee, Y.J., Kim, Y.A., Cho, E.S., Huh,
E., Bang, O.S., Kim, N.S. (2017) Aqueous extract of Phragmitis rhizoma ameliorates myelotoxicity of docetaxel in vitro and in vivo. BMC
Complement. Altern. Med. 17, 393.
[25] Fan, Y., Mansoor, N., Ahmed, T., Khan, R.A.,
Czejka, M., Sharib, S., Yang, D.H., Ahmed, M.
(2017) Physiologically based pharmacokinetic
modeling for predicting irinotecan exposure in
human body. Oncotarget. 8, 48178-48185.

Received:
Accepted:

09.07.2020
30.09.2020

CORRESPONDING AUTHOR
Serap Beyaztas Uzunoglu
University of Balikesir,
Faculty of Art and Science,
Department of Molecular Biology and Genetics,
10145 Cagis, Balikesir – Turkey
e-mail: beyaztas@balikesir.edu.tr

11465

© by PSP

Volume 29 – No. 12A/2020 pages 11466-11473

Fresenius Environmental Bulletin

EXPERIMENTAL STUDY ON THE LOCAL CORROSION
BEHAVIOR OF GATHERING AND TRANSPORTATION
SYSTEM BASED ON ELECTROCHEMICAL NOISE
TECHNOLOGY
Yanping Xin*, Shoucheng Tian
College of Petroleum Engineering, Shengli College China University of Petroleum, Dongying 257061, China

ABSTRACT

INTRODUCTION

The oil and gas gathering and transportation
system is an important link in the safe production
and application of oil and gas. The gathering and
transportation pipelines are prone to corrosion and
damage, which leads to oil and gas leakage and serious environmental pollution. Experimental simulation study is performed on the under-scale corrosion
of metal pipelines and equipment in oil and gas gathering and transportation system. Simulation of under-scale corrosion behavior through dynamic voltage polarization experiments is carried out, by using
time-domain analysis and frequency-domain analysis of electrochemical noise spectrum, to study the
inducing factors of under-scale corrosion. Then,
through the fitting the noise power spectral density
by fast Fourier transformation of the noise spectrum
(SPD) curve and corrosion characteristic parameters,
we study the internal relationship between the subfouling local corrosion characteristic parameters and
corrosion. The results show that both high salinity
and high Cl- in the corrosive medium will catalyze
the under-scale corrosion. After the under-scale corrosion is formed, the potential noise will slowly increase, and the current noise will slowly decrease.
With the increase of the concentration of Cl-, the
noise resistance of carbon steel decreases, the current standard deviation Sx becomes larger, the transient peak of the noise spectrum increases significantly, the local corrosion index is closer to 1, the
slope k of the high-frequency linear part becomes
larger, and the corrosion is intensified. Therefore,
the on-site in situ monitoring of local corrosion under the scale can be achieved by detecting the local
corrosion characteristics of the metal, which is of
great significance for the research on the mechanism
of the under-scale corrosion behavior of the metal,
corrosion protection, environmental protection, and
safety warning.

The problem of under-scale corrosion is widespread in the pipelines and heat exchange devices of
oil and gas gathering and transportation systems.
Fouling on the heat transfer surface will form an occlusive microenvironment that is significantly different from the open system under the scale, so that
the corrosion behavior under the scale will show significant local electrochemical corrosion characteristics [1-3]. Due to the high corrosion rate under the
scale and the difficulty in detection, sudden corrosion accidents are often caused.
Under-scale corrosion is a type of local corrosion of metals, that is, under the joint action of corrosive media and the external environment, the fouling layers on the metal surface layer accumulates,
which hinders the movement and diffusion of the
corrosive media, and the metal under the fouling
layer forms the phenomenon of occlusion battery
corrosion. Many scholars have carried out electrochemical experiment simulation research on local
corrosion under scale [4-5]. Among them, electrochemical noise technology has been widely used in
the field of corrosion research because of its excellent characteristics of in-situ non-destructive and no
requirement for the stability of the corrosion system
under test. Shi et al [1, 6] used electrochemical noise
technology to study the corrosion behavior of 2024T3 aluminum alloy in a dry and wet cycle simulated
acid rain environment. The results show that the
lower the pH value, the greater the standard deviation of the potential and the stability of the passivation film. Huang et al. [2, 7-8] used electrochemical noise technology to study the effect of DC electric field on atmospheric corrosion behavior of copper under a thin liquid film. The results showed that
the DC electric field moved Cl- from the thin liquid
film to leave the anode dissolved area, thereby slowing the atmospheric corrosion behavior of copper under a thin liquid film. Sharma et al [9-10] used electrochemical noise and electrochemical impedance
technology to study the crevice corrosion behavior
of carbon steel in NaHCO3+NaCl solution and found
the characteristics of electrochemical noise. The
noise resistance can effectively distinguish the three

KEYWORDS:
Oil and gas gathering and transportation, under-scale corrosion, electrochemical noise, fast Fourier transformation,
inducing factors, environmental protection
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stages of crevice corrosion incubation period, rapid
conversion period and stable development period,
which proves that the ratio of the external and internal surface area of the crevice has a very important
influence on the crevice corrosion development and
development. Li et al. [11] outlined the role of electrochemical noise technology in electrochemical
corrosion research, and proposed that combining
nonlinear mathematical theory to describe the characteristics of electrochemical noise is the future development direction of experimental simulation
technology.
Although the current electrochemical noise
technology has been widely used in the field of corrosion research, the local corrosion index cannot be
directly measured, the formula calculation error is
large, and the analysis of corrosion characteristic parameters is only in the qualitative or semi-quantitative stage. Moreover, the initiating factors, inducing
conditions, and the ion selectivity of the scale layer
on corrosion have not been elaborated in detail [1213]. On the basis of previous research content, the
under-scale corrosion behavior was simulated
through the dynamic voltage polarization experiment and the electrochemical noise experiment. The
experimental analysis process uses electrochemical
noise technology combined with fast Fourier transformation analysis to fit the noise power spectral
density (SPD) curve to get the indirect quantitative
information of corrosion characteristic parameters.
The experiment simulates the internal relationship
between the corrosion characteristic parameters and
the local corrosion under the scale, and combines the
potentiodynamic polarization method to study the
initiation factors, induction conditions and the effect
of the ion selectivity of the scale layer on the corrosion, and further explores the detection and protection methods of local corrosion under storage tank
based on electrochemical noise technology.
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MATERIALS AND METHODS
Experimental device. The equipment used in
the experiment was CS350 electrochemical workstation. CS series workstations are equipped with
dual signal and DDS related integration circuits,
which can make the measurement accuracy of AC
impedance more accurate. The working electrode
sample material is the metal material of the pipeline
and heat exchange device in the gathering and transportation system: Q235 carbon steel processed metal
disc with a size of ĳ10mm×2mm. During the experiment, a current was passed between the reference
electrode and the predetermined working electrode,
so that the entire loop maintained a certain potential
difference, and the scanning speed of the electrode
was set to 1 mV/s.
Experimental medium. Taking a certain gathering and transportation station as an example, the
station yard collects the sewage of the gathering and
transportation system, and its water quality parameters are measured by inolab and photolab at room
WHPSHUDWXUH ႏ DVVKRZQLQTable 1 and Table 2.
After data analysis, it can be seen that the Clcontent in the water quality of the station is high and
the salinity is high.
Experimental design. Under-scale corrosion
is a special type of local corrosion. If the internal system of local corrosion contains dissolved oxygen, an
electrode reaction will occur. As a result of the reaction, the pH outside the pores will increase, and the
concentration of CO32- will increase. Ca2+ and Fe3+
plasma solutions react to form carbonate precipitates
that are insoluble in water, thereby accumulating in
large amounts in the orifice. The massive accumulation of corrosion products leads to the diffusion and
migration of metal cations inside the pores being
hindered. The replacement and accumulation of Fe3+
could result in excess positive potential inside the

TABLE 1
Water quality parameters of gathering and transportation station
Chemical oxyConductivity
gen content
Salinity
Electrode potential ORP/(mv)
pH
  ȝVFP
DO/(mg/L)
17.8
6.68
1.05
101.9
107

TABLE 2
Water quality ion concentration of gathering and transportation station (mg/L)
SO42Na+
Fe3+
K+
ClCa2+
2189

167

9800

490

11467
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pores, in order to maintain the charge balance inside
and outside the crack. In addition, because Cl- has a
strong penetration, through the metal protective film,
the corrosion behavior is getting fast. Coupled with
the influence of the gravity of the electrolyte solution,
the pore corrosion further develops inside, forming
an autocatalytic reaction process [5, 14]. In view of
the instability of the water quality of the oil field
gathering and transportation system, that is, as time
increases, the water quality parameters are different.
During the analysis of the experiment, the main influencing factors were grasped, and the inducing factors of subscale corrosion were verified through experimental simulation.
Combining the pitting corrosion mechanism
and water quality analysis, it can be known that the
main inducing factors of under-scale corrosion are
the salinity of the initiation result and the chloride
ions that cause the small pore corrosion and expansion. Therefore, the experimental design is as follows:
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(1) The laboratory configures water quality parameters, adjusts its salinity and chloride ion concentration to simulate the water quality at the production
site, and measures the polarization curve;
(2) Change the concentration of Ca2+, Fe3+ and
Cl , and scan the polarization curve in sequence.
(3) Analyze the experimental curve and summarize the law.
Experimental process and results. We simulate the Cl- concentration and salinity of the sewage
in the station, change the water quality parameters,
and scan the open-circuit potential and moving point
of the working electrode under different ion concentrations. The curve of time potential is automatically
generated in the CS studio working interface. The
corrosion resistance of the metal is positively correlated with the value of the open circuit potential. The
open circuit potential fitted on the curve, that is, the

FIGURE 1
Dynamic voltage polarization curves under different water quality parameters.

FIGURE 2
Tafel curves under different water quality parameters.
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Parameter
Raw water
Adding ClAdding
Ca2+
Adding Fe3+
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TABLE 3
Related parameter processing 1
Dimensional blunt
Passivation volt- Passivation potential
currentiP (ȝ$FP2)
age EP (mv)
range (mv)
-0.7
800
800-1300
-0.6
400
400-900

Self-corrosion current ICorro ȝ$
38.57
81.87

-0.5/0.04

200/1700

200-900㸹>1700

54.23

-0.6/0.04

250/2200

250-500ࠒ2200

313.0

TABLE 4
Related parameter processing 2
Parameter

Rp
ȍ

Beta Anodic
V/decade

Beta Cathodic
V/decade

ECorro
(mv)

Corrosion Rate
(mpy)

Raw water
Adding ClAdding Ca2+
Adding Fe3+

522.8 Ohms
401.6 Ohms
306.1Ohms
93.63Ohms

165.0E-3
157.1E-3
95.38E-3
99.66E-3

146.4E-3
250.5E-3
279.1E-3
473.9E-3

-671.1
-687.6
-727.3
-709.0

17.82
37.82
16.24
144.6

self-corrosion potential, continues to become negative. It is initially determined that the corrosion resistance of the sample is getting worse. After completion, we perform dynamic potential scanning to
scan the polarization curves of the current potential
of the anode and cathode sections, as shown in Figure 1. The Tafel curve is automatically fitted to the
dynamic voltage polarization curve, as shown in Figure 2. The built-in program of the CS workstation
collects the parameters of the Tafel curve which can
be seen in Table 3 and Table 4.

RESULTS
Electrochemical noise refers to the phenomenon of random non-equilibrium fluctuations in state
parameters such as electrode potential and measured
current density in the electrochemical power system
as the electrochemical process evolves. Electrochemical noise technology is divided into three
methods: spectrum analysis, time domain analysis,
and frequency domain analysis. In the data analysis
process, one can segment the local corrosion process
of the metal according to the scanned noise spectrum
curve to determine when local corrosion occurs. The
second is that the severity of local corrosion can be
judged by the change of the noise resistance value.
The third is that the local corrosion or uniform corrosion occurring on the metal surface can be judged
according to the size of the local corrosion index [15].
Combined with previous research experience, in this
experiment, the electrochemical workstation was
used to collect the effective noise data of Q235 carbon steel in the medium, and the Fourier analysis of
the scanned data was carried out. The fitted Fourier
curve was used to obtain the under-scale corrosion
characteristic parameters, through the time domain
analysis and frequency domain analysis of the electrochemical noise data. The local corrosion parameters obtained by the fast Fourier transformation of
the noise spectrum is used to analyze the characteristics of Q235 carbon steel under-scale corrosion.

Analysis of experimental results. (1) We observe the appearance of the Q235 carbon steel sample after corrosion. The surface metal form has been
changed from the silver-white color to the dark
brown color. After the experiment, the water color
changed from the previous colorless to obvious orange yellow. The morphology of the carbon steel
surface is also smooth and flat from the original state,
corroded with debris on the surface and unevenness.
(2) According to the tafel curve fitted, the parameter is collected and the corrosion parameters can
be seen in Table 3 and Table 4. As the concentration
of Cl- in the corrosive medium increases, the selfcorrosion current and corrosion rate will increase accordingly. It can be seen that the high Cl-concentration in the medium is an important factor that causes
local corrosion of the metal.
(3) With the increase of the salinity in the water
quality parameters, the range of the passivation potential of the system is expanded, the initial passivation voltage EP is reduced, the corrosion resistance is reduced, the anode potential and the cathode potential are negatively shifted, and the equilibrium process of electrochemical corrosion occurs
negative shift. It can be seen that the presence of high
concentrations of Ca2+, Fe3+ and other metal ions is
also a factor that accelerates the corrosion under the
metal scale.

Electrochemical noise spectrum of Q235 carbon steel in different concentrations of NaCl solution. According to the analysis result of the dynamic voltage polarization curve, the effective noise
data was collected by the CS350 electrochemical
workstation. Three NaCl solutions with different
concentrations were prepared as corrosion media,
and the electrochemical noise curve was scanned at
ႏUHVSHFWLYHO\7KHLQWHUYDOEHWZHHQVFDQQLQJ
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FIGURE 3
Electrochemical noise E-WFXUYHRIFDUERQVWHHOLQ1D&OVROXWLRQZLWKGLIIHUHQWFRQFHQWUDWLRQVDWႏ

FIGURE 4
I-t FXUYHRIHOHFWURFKHPLFDOQRLVHRIFDUERQVWHHOLQ1DFOVROXWLRQZLWKGLIIHUHQWFRQFHQWUDWLRQVDWႏ

Medium
1.87 mol/L
NaCl
3.74 mol/L
NaCl
7.48 mol/L
NaCl

TABLE 5
Q235 carbon steel electrochemical noise spectrum acquisition data
Spectral noise resistanceRsn (ȍFP2)
Rupture
Standard deviation of
Passivation film Passive film dePassive film
potential
current ܵ௫ (A/cm2)
formation in the
struction in the
repair in the
lEb (V)
first stage
second stage
third stage
-0.7059

3.0568E-06

39208

6870.2

8756.5

-0.58674

3.4678E-06

15265

6345.8

8650.4

-0.64883

5.2453E-06

4100.4

1402.1

1756.5

points was set to 0.3s and the measurement time was
1800s. The electrochemical noise E-t curve is shown
in Figure 3, and the electrochemical noise I-t curve
is shown in Figure 4.
The built-in program of the CS workstation is
used to collect the parameters of the electrochemical
noise maps which can be shown in Figure 3, Figure
4, and Table 5.

Time domain analysis of noise spectrum.
When studying the metal-solution corrosion system,
the standard deviation of the current is usually used
to measure the corrosion rate of the material under
the same corrosion type. The standard deviations of
current noise and potential noise are defined as follows [16]:
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passivation film destruction and local corrosion on
the metal surface is fast. Comparing the noise resistance of the three stages of passivation film formation, passivation film destruction and passivation
film repair, it was found that with the increase of Clconcentration, the noise resistance of the three stages
showed a decreasing trend. The reduction in noise
resistance and the increase in the current standard
deviation ܵ௫ are also signs of accelerated local corrosion.

మ

തതത
σ
సభ(௫ ି௫)

ܵ௫ = ට

ିଵ
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(1)

In the formula, ݔ represents the instantaneous
value of the measured current or potential, ݔҧ represents the average value of current or potential, and n
is the number of sampling points. When the standard
deviation ܵ௫ of the current is larger, it can be considered that the corrosion rate is larger.
Through the analysis of the electrochemical
noise spectrum of Q235 steel under different conditions (Figure 3 and Figure 4), it was found that according to the change of the electrochemical noise
waveform, the corrosion mechanism of Q235 carbon
steel at different stages can be judged. Under different Cl-, the fluctuation of potential and current is also
different. After the local corrosion was formed after
scanning for 2000s, the potential noise showed a
slow upward trend, and the current noise decreased
slowly. As the Cl- concentration increases, the transient peak of the noise spectrum increases significantly. The reason for the noise current peak is because Cl- adsorbs to the active site on the surface of
the metal passivation film and combines with the
metal cations in the passivation film to form a soluble complex. When the formed complex departs
from the metal surface, it will destroy the passivation
film and dissolve the metal under the passivation
film. The hydrogen bubbles are adsorbed on the surface of the electrode, which reduces the dissolution
area of the metal anode and produces a shielding effect to isolate the solution from the metal. With the
desorption of the bubbles from the metal surface, the
anode area on the surface of Q235 carbon steel recovered, so the current noise spectrum showed a
slow upward trend.
According to the data collected from the electrochemical noise spectrum of Q235 carbon steel in
Table 5, with the increase of Cl- concentration, the
cracking point of Q235 carbon steel gradually
moved forward, indicating the time change of the

Noise and frequency domain analysis. In order to obtain the local corrosion index, the frequency
domain analysis of the electrochemical noise is performed, and the fast Fourier transformation is used
to obtain the noise power spectral density (SPD)
curve, as shown in Figure 5. Among them, the electrochemical noise power spectral density of potential
and current is defined as follows [9, 17]:
(2)
logPSD = ܣ + ܵ ݈ ݅(݂݃ଶ ି ݖܪଵ )
(3)
logPSD = ܣ + ܵ ݈ ݅(݂݃ଶ ି ݖܪଵ )
In the formula, ܣ and ܣ represent the noise
intensity of potential and current; ܵ and ܵ represent the slope of the PSD graph of potential and current. The characteristic parameters of the (SPD)
curve obtained by the origin software fitting the
noise power spectral density (SPD) curve are shown
in Table 6.
Both the local corrosion index and the slope k
of the high-frequency linear part can characterize the
degree of local corrosion of the metal. When the local corrosion index is close to 1, it means that the
metal has local corrosion. It can be seen from Table
6 that the local corrosion indexes of the three experiments are all close to 1, indicating that local corrosion has occurred. Wang Fengping's research shows
that [5], when the slope k of the Fourier transformation curve is less than -20 k/dB•dec-1, the metal
surface is in a uniform corrosion or

FIGURE 5
7KHJUDSKRI)RXULHUDQDO\VLVRIFDUERQVWHHODWGLIIHUHQWFRQFHQWUDWLRQVLQ1D&OVROXWLRQDWႏ
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TABLE 6
PSD parameters of Q235 carbon steel in different concentrations of NaCl solution
High frequency linear part
slope
Local corrosion index
Medium
(k/dBgdec-1)
1.87 mol/L NaCl

-13.1666

0.89

3.74 mol/L NaCl

-10.8072

0.91

7.48 mol/L NaCl

-7.5521

0.96

passivation state, when the k value is greater than 20 k/dB•dec-1, it means that local corrosion occurs
on the metal surface. The larger the k value, the more
serious the local corrosion. It can be seen from Table
6 that as the Cl- concentration increases, the slope k
of the high-frequency linear part becomes larger, and
the local corrosion intensifies, which is consistent
with the results of the time-domain analysis.
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ABSTRACT
Soil enzymatic activities are widely used as
bioindicators of soil quality. The objective of this
study was to evaluate the effects of organomineral
fertilizer (OMF) and wastewater sludge (WS) (with
similar properties as OMF) applications on soil
enzyme activities during an incubation period of 30
days.
To evaluate the effect of OMF and WS
concentrations on soil enzyme activities, 200 g soil
portions were placed into plastic containers, and
distilled water was added to different doses of OMF
(50 and 100 t/ha) to bring the soil to 70% of its field
capacity. The samples were then incubated under
controlled conditions in the dark at 28°C for 15 and
30 days.
The results showed that the applications of
OMF negatively affected enzyme activities in the
short term. In particular, the OMF dose of 100 t/ha
inhibited urease activity. The highest enzyme
activities were recorded in the control soil for all
treatments.
Similarly, the WS applications also inhibited
soil enzyme activities except for urease activity
(UA).
At the end of the incubation, the wastewatersludge application doses of 50 and 100 t/ha increased
urease activity by 42% and 40%, respectively. The
reduction in alkaline phosphatase activity (APA) and
dehydrogenase activity (DHA) for soils amended
with 50 t/ha OMF and WS was determined to be 326% and 0-56%, respectively. Similarly, soil APA
and DHA decreased by 38%-32% and 2.5%-39% in
soil amended with doses of 100 t/ha of OMF and
WS, respectively.
The effects of wastewater sludge and OMF
amendments on soil appear to depend on the origin
of the contents and application dose. In terms of soil
nitrogen and phosphorus cycles, wastewater sludge
applications have been found to be more effective
than OMF for soil fertility.

INTRODUCTION
Organomineral fertilizer is fertilizer obtained
by a blend, chemical reaction, granulation or
dissolution in water of inorganic fertilizers with a
declarable content of one or more primary nutrients
with organic fertilizers or soil improvers [1].
Organomineral fertilizers are compounds
comprised of both minerals and organic matter.
During the solubilization process, these fertilizers
release organic compounds that can then positively
affect soil quality; therefore, they have been
recommended for use in sustaining agricultural
systems and supplying the nutrients needed [2, 3].
Long-term use of inorganic fertilizers in
agricultural systems has not been very effective
because they can acidify and degrade the soil by
reducing its organic matter. Mumbach et al. [4]
suggested that organic fertilizers be used to diminish
losses from nutrient leaching, which ultimately leads
to eutrophication of waters associated with
agricultural lands and in which the soil nutrients are
deposited. Similarly, Khasawneh and Othman [5]
reported that organic fertilizer sources also improved
soil health (respiration-CO2), organic matter %,
nutrient availability and fruit quality.
Wastewater sludge contains many of the major
nutrients needed for plant growth and can be the key
to improving soil fertility and partly overcoming the
increasing amounts of waste and by-products.
Adding wastewater sludge to the soil can increase
soil microbial activities, microbial populations, and
biomass production, and soil microbes are the
primary mediators of soil biological processes, such
as organic matter degradation, soil mineralization,
and nutrient recycling. Microbes play an extremely
important role in maintaining soil ecosystem quality
and functional diversity. In addition, the enzyme
activities of these microbes can help determine any
quantitative changes in soil organic matter [6].
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TABLE 1
General characteristics of the OMF, WS and soil samples
Properties

Value
OMF

Soil

WS

5.5-7.5

7.66

7.20

38.3

0.18

6.60

Organic C, %

30

1.25

38.4

Total-P, %

10

0.18

3.50

Total-N, %

6

0.14

6.42

Zn, %

0,2

0,135

4.18

pH (1:5 deionized water)
EC25°C (1:5 deionized water, dS

mí1)

Enzyme activities in soil are commonly used as
a determinant of the nutrient-cycling processes in
soil [7], and many enzymes take part in
mineralization and organic matter decomposition.
Various oxidoreductases and hydrolases involved in
nitrogen, carbon, sulfur, and phosphorous cycles are
most commonly analysed. Any changes in the soil
environment and nutrient conditions resulting from
climate change and changes in the pH and land use
may affect this activity [8]. Soil pH limits the
transition of some macronutrients (N, P and C) from
forms that are available to plants to forms that are
unavailable. This situation may inhibit the
development of soil microorganisms that degrade
organic matter in soils [9].
Some studies have compared the efficiency of
organominerals with mineral fertilizers [10, 11];
however, very few studies have evaluated the effect
of applying organomineral fertilizers on changes in
soil enzyme activities. The objectives of the present
study were to evaluate the short-term effects of
adding organomineral fertilizer and wastewater
sludge to agricultural soil on soil urease,
dehydrogenase, and alkaline phosphatase activities.
The two fertilizers had similar properties and were
selected for comparison.

the organomineral samples, wastewater sludge, and
soil are presented in Table 1.
To evaluate the effect of the organomineral
sample and wastewater sludge concentrations on soil
enzyme activities, 200 g soil portions were placed
into plastic receptacles, and distilled water was
added to different amounts of the organomineral
samples and wastewater sludge (50 and 100 t/ha) to
bring the soil to 70% of its field capacity. The control
soil used contained no organominerals or wastewater
sludge. The samples were incubated in the dark at
28°C for 15 and 30 days. A completely randomized
design was used to conduct the experiments. Water
loss from evaporation was replaced daily with
distilled water to maintain the correct moisture
content in the soil. At each sampling time, two sets
of soil pots were removed, and the urease activity
(UA), alkaline phosphate activity (APA), and
dehydrogenase activity (DHA) were determined.
Determination of the physical and chemical
properties of the soil and wastewater sludge. The
same procedures were used to prepare and analyse
the samples of soil and wastewater sludge. The pH
and electrical conductivity (EC) of the samples were
measured using pH and conductivity metres,
respectively, to analyse the extracts after the samples
were shaken with distilled water (1:5 w/v) [12, 13].
The total nitrogen concentration was measured
using the Kjeldahl digestion method [14], and the
total organic carbon was measured through
dichromate oxidation. A UV/VIS spectrophotometer
(Hach Lange DR 5000) was used to measure the total
phosphorus (P) colorimetrically [15].
The total metal concentrations (Cr, Ni, Cu and
Zn) were identified after the samples were digested
in a microwave with nitric acid (HNO3) using the
Perkin Elmer 2100 DV Optima spectroscope [16].
The manufacturer provided the organomineral
fertilizer characterization values.

MATERIALS AND METHODS
The soil samples were collected from the top 20
cm of an agricultural field located in Bursa%DODEDQFÕNYLOODJH7XUNH\ ODWLWXGHƍƍƍ1
ORQJLWXGHƍƍƍ( 7DEOHSURYLGHVGDWDRQ
the sandy clay loam soil used in the incubation study
(sand: 56.1%, silt: 18.5% and clay: 25.4%).
The solid organomineral samples were
purchased from a fertilizer plant in Turkey, and
contained compost, diammonium phosphate (DAP),
urea, potassium sulfate, ferrous sulfate monohydrate,
zinc sulfate monohydrate, manganese sulfate
monohydrate, and other agents. The sludge samples
were obtained from a dairy wastewater treatment
plant in Bursa, Turkey. The general characteristics of

Determination of the enzyme activities in the
soil. The enzymatic activities of APA, DHA, and UA
were identified through the methods outlined in
Tabatabai [17].
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TABLE 2
Summarized results of ANOVA with repeated measures for enzymatic activities of
soil amended with OMF
Sources of variation

OMF
df
MS
Dependent variable: alkaline phosphatase activity
2
0,525
Application dose
1
0,260
Time
2
0,082
Application dose x Time
12
0,002239
Error
Dependent variable: urease activity
2
135E2
Application dose
1
481
Time
2
1339
Application dose x Time
12
200,89
Error
Dependent variable: dehydrogenase activity
2
11,1
Application dose
1
217,3
Time
2
6
Application dose x Time
12
18,813
Error

F

p

23,46
11,62
3,65

0,000*
0,005*
0,058

37,18
1,32
6,66

0,269
0,000*
0,011*

0,59
11,55
0,32

0,570
0,005*
0,734

TABLE 3
Summarized results of ANOVA with repeated measures for enzymatic activities of soil amended with
wastewater sludge
Sources of variation

WS
df
MS
Dependent variable: alkaline phosphatase activity
2
0,097
Application dose
1
0,023
Time
2
0,256
Application dose x Time
11
0,010942
Error
Dependent variable: urease activity
2
450,3
Application dose
0
Time
2
142,2
Application dose x Time
11
1,0152
Error
Dependent variable: dehydrogenase activity
2
104,2
Application dose
0
Time
2
7,8
Application dose x Time
11
0,5167
Error

APA was determined by adding a modified universal
buffer (pH = 11), 0.025 M toluene, and p-nitrophenyl
phosphate solutions to the soil; b-glucosidase
activities were measured by adding a modified
universal buffer (pH = 6), 0.025 M toluene, and pnitrophenyl-b-D-glucoside (PNG) solutions to the
soil. The samples were then incubated at 37°C for 1
h. The released p-nitrophenol (PNP) was quantified
using a spectrophotometer at 410 nm. Similarly, the
dehydrogenase activities were based on colorimetric
determination and determined by adding a 3%
triphenyl tetrazolium chloride solution to the soil
samples before incubating the suspensions at 37°C
for 24 h. The formation of triphenyl formazan (TPF)
was determined using a spectrophotometer at 485
nm. The UA assay was based on the determination
of ammonium (NH4+) released by urease when the
soil was incubated with the tris (hydroxymethyl)
aminomethane buffer (pH = 9), a 0.02 M urea
solution, and toluene at 37°C for 2 h. The formation
of NH4+ was determined using steam distillation.

F

p

2,62
11,23
23,41

0,009*
0,156
0,000*

19,81
140,1

0,000*
0,000*

63,64
15,1

0,000*
0,000
0,001*

Steam distillation using magnesium oxide (MgO)
and Devarda’s alloy was conducted using an
automatic distillation system (Velp) to analyse the
and
ammonium
nitrogen
nitrate
(NO3-)
concentrations in the samples extracted using 2 M
potassium chloride (KCl) [18].
Statistical
Analyses.
All
statistical
calculations were performed using STATISTICA 10
software [19]. Two-way analysis of variance
(repeated-measures ANOVA) was performed to test
the effect of fertilization type and incubation time
(Tables 2 and 3). The effect of incubation time on
enzyme activities was further tested with one-way
ANOVA for each application dose. When significant
effects were indicated by ANOVA, post hoc analysis
was performed using Tukey's HSD multiple
comparison test.
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FIGURE 1
Variations of DHA levels in OMF and WS amended soils during the incubation period of 30 days
t/ha WS application does, the 100 t/ha WS
application dose increased the DHA level more. The
results showed that WS application inhibited soil
DHA, whereas the application of OMF positively
affected DHA in the soil at the end of the incubation.
According to the statistical results, the interaction of
dose x time x treatment (WS/OMF) was not
significant.

RESULTS AND DISCUSSION
Dehydrogenase activity. Dehydrogenase
activity (DHA) is accepted as a beneficial indicator
for evaluating the metabolic activity of soil
microorganisms [20]. The role of dehydrogenases
involves the biological oxidation of organic matter
in the soil by hydrogen transfer from the organic
substrate to inorganic acceptors [21]. Changes in
DHA levels during incubation are shown in Fig. 1.
For all treatments, DHA showed a decline
throughout the treatment.
In the soils amended with OMF, DHA levels
were lower than those of the control soil during the
first 15 incubation days. At the end of the incubation
period, there was no significant difference between
the control soil and the treated soils.
According to Fig. 1a, DHA decreased with an
increasing OMF dose in the amended soils. In all
treatments, DHA increased with time (p<0.005). Of
the treatments, the treatment with a dose of 50 t/ha
resulted in the highest DHA level at the end of the
incubation period.
When DHA levels were evaluated in soil
amended with WS, the control soil had higher
activity levels (Fig. 1b). This result indicated that
WS application inhibited DHA. However, the DHA
level in soil amended with a WS dose of 100 tons/ha
was higher than that in soil amended with a dose of
50 t/ha. In all treatments, DHA increased with time
(p<0.005). In comparison to the treatments, the
control soil had a higher DHA level on the 30th day.
When the OMF and WS applications were
compared, the DHA values were higher in the soil
amended with OMF than in the soil amended with
WS. For the OMF application, the 50 t/ha application
does was more effective than the 100 t/ha application
dose (p<0.005). However, in comparison to the 50

Alkaline phosphatase activity. Phosphatase
activity is significant agronomically because it
catalyses the hydrolysis of organic P to inorganic P,
which can be assimilated by plants. This activity can
therefore be used as an indicator of inorganic
phosphorus
availability
for
plants
and
microorganisms [22].
Variations in APA levels in OMF- and WSamended soils during the incubation period of 30
days are shown in Fig 2.
Figure 2a shows that APA levels in soil
amended with OMF decreased for all incubation
periods. While a slight enhancement in the APA
level for the control soil was noted during the
incubation, no significant changes were detected for
the OMF applications.
Some results related to phosphatase activity
increasing in a low organic matter soil due to P
fertilization have been reported, whereas a soil with
a high organic matter content amended with P
fertilizer showed no change in its phosphatase
activity [23]. The highest APA level was obtained in
the control soil on the 30th day.
As shown in Fig 2a, in comparison to the OMF
application dose of 50 t/ha, the OMF application
dose of 100 t/ha decreased the APA level more. APA
activity decreased with an increasing OMF rate in
the amended soils (p<0.005). As the soil pH
increased, the activity of alkaline phosphatase
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FIGURE 2
Variations of APA levels in OMF and WS amended soils during the incubation period of 30 days
increased [24]. This situation can be explained by the
increasing OMF application decreasing the soil pH
because the soil pH is higher than the OMF.
According to Wierzbowska et al. [25], the activity of
phosphatase depends on the content of heavy metals
in soil and its pH.
According to Fig 2b, the results demonstrated
that the APA levels in the soils amended with WS
were apparently lower than those in the control soil
(p<0.005). The wastewater-sludge amendment
appeared to inhibit AP enzyme activity. The
measured APA levels in the control soil and the
application dose of 50 t/ha tended to increase in
general during the incubation time. On the other
hand, the APA level significantly decreased after 30
days of incubation for the WS application dose of
100 ton/ha. The majority of P in the sewage sludge
is not readily available. This is probably due to
phosphorus removal techniques used in the
wastewater treatment processes [26]. Almomany et
al. [27] indicated that irrigation with treated
wastewater increased the nutrient elements in soil.
Therefore, the increased sludge application
dose may have decreased activity over time. The
observed increase was highest (~2,23 mg PNP g -1 h
-1
) after an incubation period of 30 days in the control
soil. In comparison to soils with sludge applications,
soils without sludge application had higher pH
values; therefore, the microorganisms did not adapt
to phosphate transformation with alkaline
phosphatase under acidic conditions. Some authors
have informed the negative impact of wastewater
sludge on the activity of soil microorganisms.
However, these studies involved high doses of
wastewater sludge, generally contaminated with
heavy metals.
The overall evaluation of the APA results
indicated that APA levels in the soil amended with

WS were apparently higher than those in the soil
amended with OMF. Thus, in comparison to the
OMP application, the sludge application had a more
positive effect on APA levels. The results indicated
that the amendment dose of 100 t/ha had detrimental
effects on APA for both amendment types.
The lower P availability in the soil fertilized
with organic and organomineral fertilizers may be
related to the presence of lower-lability compounds,
delaying solubilization [28]. In addition, the lower
release of P by the organomineral fertilizer in
relation to the mineral source may be related to the
preparation processes of that fertilizer, with the
formation of less soluble fractions of the nutrient
[29]. According to the statistical results, the
interaction of dose x time x treatment (WS/OMF)
was found to be significant (p<0.005).
Urease Activity. In nitrogen cycling, urease is
one of the most important enzymes. Investigation of
soil urease activity (UA) has attracted remarkable
attention due to the role of urea as a fertilizer to
improve soil productivity [30].
Variations in the UA levels in the OMF- and
WS-amended soils during the incubation period of
30 days are illustrated in Fig 3.
As shown in Fig 3a, the 100 t/ha OMF
amendment dose appeared to inhibit urease enzyme
activity. The decline in urease activity was a result
of the absorption of mineral N by soil
microorganisms [31]. This explains why large
amounts of ammonia decreased urease activity. Dick
[23] showed that by increasing the rates of ammoniabased N fertilizer, urease activity decreased. This
situation can be explained by the OMF being based
on urea.
The UA level in the soil amended with the
OMF dose of 50 t/ha was significantly lower than
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FIGURE 3
Variations of UA levels in OMF and WS amended soils during the incubation period of 30 days
that in the control soil. Most likely, the increased
presence of organic N in a more recalcitrant form
was related to the lower speed of mineralization by
soil microorganisms in the short term. However, the
measured UA levels in the soil amended with OMF
tended to increase in general during the incubation
time (p<0.005). During the field studies, the largest
increase in soil mineral nitrogen was reached after
the first 30 days of the OMF treatment [29]. High
levels of urease activity were also recorded in the soil
without the OMF application.
Figure 3b shows that wastewater sludge
enhanced UA. The UA levels in the soil amended
with WS were significantly higher than those in the
control in all incubation periods (p<0.05). The
increase in urease activity associated with soils
amended with organic materials can be attributed to
stimulation of microbial growth and soil organic
matter enrichment [32].
The results indicated that in comparison to the
other doses, the amendment dose of 100 t/ha had a
more positive effect on UA. As the incubation time
increased, the UA levels in the soil amended with
WS increased (p<0.005). UA responded positively
to sludge application, and the highest activities were
found for the soil that received the highest
wastewater sludge rate of 100 t/ha. This result means
that high biostimulation doses of wastewater sludge
do not limit the overall urease activity in soil.
Madejon et al. [33] found that the application of
organic wastes to soil enhanced urease activity. This
result was probably due to the high amount of
organic N incorporated with the sludge promoting
urease synthesis.
In addition, when applying sewage sludge to
soil in increasing amounts, the mineral matter
contents of the plants increased, which favourably
affected plant growth. [34]

The overall evaluation of the UA results
indicated that the UA levels in the soil amended with
WS were apparently higher than those in the soil
amended with OMF. The results showed that the
application of OMF to the soil inhibited urease
activity, whereas the WS application enhanced
urease activity. According to the statistical results,
the interaction of dose x time x treatment (WS/OMF)
was not significant.
The importance of P to the uptake and
accumulation of N could be due to its importance in
relation to many biochemical and metabolic
processes in plants. It is known that soil P limitation
results in changes in N uptake by plants [35, 36].

CONCLUSIONS
Soil enzyme activities can be predicted and
serve as a useful indicator of nutrient cycling
potential, nitrification, oxidation, and other
processes essential to soil quality. An understanding
of the relationships between soil enzyme activities
and landscapes is of great significance for assessing
soil quality and productivity.
Organomineral fertilizers can be obtained from
different organic and inorganic sources.
Organomineral fertilizers are composed of
municipal waste, poultry and cow manure combined
with urea and superphosphate. One of the most
specific characteristics of using organomineral
fertilizers is their “slow release” effect.
In this study, the results showed that OMF
mineralization did not occur in the short term due to
the slow release of OMF. In comparison to the
application of the low does, the application of the
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high dose (100 t/ha) affected the enzyme activities
more negatively.
With the sludge application treatment, with
similar properties to the OMF treatment, soil DHA
and APA were similarly affected but more positively
than those in with OMF application. On the other
hand, urease activity was stimulated by the
application of wastewater sludge.
The results of the study showed that the OMF
application did not positively affect the soil nitrogen
and phosphorus cycles in the short term.
Mineralization of organic matter was also unaffected
by the addition of OMF.
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quality and quantity of existing assets and their
losses [6]. Use of the soil resources such as providing
food, residential areas etc. causes consistent change
of the land cover. In general terms, alteration of the
LULC is a result of the effects of both anthropogenic
and environmental-climate factors. These changes in
the LULC are the most typical characteristics of the
global change in terms of space and time. Within the
interaction of human and environment, changes in
the quality and the quantity that are experienced
within the scope of the LULC are the most important
data for decision makers and planners [7]. The information of the quality and the quantity changes in
LULC enables people to better understand the global
ecosystem on a global, national or regional scale [8].
Changes in LULC show a decreasing tendency
of natural areas [9]. With this aspect, LULC is an interactive process that includes land degradation factors, especially climate change, soil quality, food security [10, 11]. It is important to prevent this destruction or to preserve the neutral state at least on a
global scale for the future. In September 2015, the
General Assembly of the United Nations adopted the
"2030 Sustainable Development Agenda" including
17 Sustainable Development Goals (SDGs) and 169
sub-goals. The target 15.3 generally aims to combat
with desertification until 2030 [12]. In this context,
the United Nations Convention to Combat Desertification (UNCCD) brought forward the concept of
land degradation neutrality (LDN) for the first time
[13]. LDN aims to prevent deterioration of intact
lands against land degredation. [14, 15]. The local,
regional, national and global results can be obtained
when LDN is evaluated on the basis of watershed.
[16]. “Land cover” is one of the minimum three recommended indicators, which are land cover, land
productivity (metric: net primary productivity) and
carbon stocks above and below ground (metric:
SOC)), to determine current situation within the general framework of LDN. If any of the three indicators
ends up negative, it is accepted that the destruction
occurred. [17]. For this reason, even if a negative
change emerges only on land cover, it proves that
land destruction occurred within the scope of LDN.
In the context of LDN, another important point is the
determination of improvement or deterioration as

ABSTRACT
In the last decade, some global, national and regional studies/initiatives have been carried out to
halt and reverse land degradation. Sustainable Development Goals (SDGs) provides a framework for
the sustainability of these efforts. In this context;
One of the indicators of current situation and subsequent monitoring and evaluation within the scope of
land degradation neutrality (LDN) approach studies
is assessment and evaluation of land cover and land
cover (LULC) changes. It is also important to evaluate and quantify land degradation on the basin basis,
which is the smallest land unit of the countries. However, within the scope of this monitoring and evaluation, the processing and interpretation of the available data must be in an internationally valid method.
In this study used to Collect Earth methodology, that
multi-purpose land monitoring using remote sensing
and Geographic information system integrated, for
accurately estimating LULC change between 2000
and 2018 in %DUWÕQ River %DVÕQ Overall, the article
provides basic results which distribution of LULC
classes according to the Intergovernmental Panel on
Climate Change (IPCC), monitoring the current status and change of forest, pasture or woody vegetation fields, LULC change between 2000-2018, habitat loss-gain (improvement-desertification).

KEYWORDS:
Land Degradation neutrality (LDN), LULC monitoring,
Collect Earth, Basin, Turkey

INTRODUCTION
Global land cover is an important climate variable and a fundamental biophysical issue for modelling [1]. Land use / land cover (LULC) which has
important consequences for people is a complicated
phenomenon in social and economic aspects [2]. The
relationship between natural resources and human
population dynamics is very important in the context
of LULC [3, 4, 5]. Monitoring of the LULC is important for the transition through classes in terms of
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"gain" or "loss" areas within a fixed time. Within
LULC, determination of the “gain” and “loss” areas
is possible with monitoring and evaluating the state
of vegetation. In addition, negative changes of interclass land cover within the LULC are evaluated in
the category of “loss” areas [18].
Frequent use of the remote sensing data provides ease of access to current data, and assists the
analysis on GIS platforms. It also makes that the
time, the cost and the workforce are utilised efficiently [19, 20]. Recently, easy accececibility of the
high resolution satellite images, obtaining some free
and successes of integrated studies in GIS technologies have made the use of satellite data in the LULC
studies widespread. [21]. Many different techniques
are used to monitor vegetation by using satellite image data [22, 23]. For example several studies used
additional data such as the Normalized Difference
Vegetation Index (NDVI) to determine the condition
and the change of the vegetation [24, 25, 26]. Today,
especially free satellite image data and the platforms
which offer effective solutions base on GIS are used
more frequently. [27, 28]. The Collect Earth software is one of them. Collect Earth is free software
that collects data with the help of Google Earth and
Google Earth Engine (GEE), developed by the Food
and Agriculture Organization of the United Nations
(FAO) [29]. It is a very efficient software in terms of
providing high resolution satellite imagery as well as
covering many time periods and supplying different
supplementary datasets to users by means of the
Google Earth platform [30].
In this study, it was aimed to investigate the
current condition and the change of LULC in %DUWÕQ
river basin in Turkey via Collect Earth software. Objectives to be done and to be achieved within the
scope of the study are as follows:
• Distribution of LULC classes according to
Intergovernmental Panel on Climate Change (IPCC),
• Monitoring the current status and change of
forest, pasture or woody vegetation and,
• Calculation of LULC change between 2000
and 2018 and accordingly to reveal desertification or
greening values.
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the consequential disasters in the basin have been examined based on climate change, and important results have been obtained [33, 34]. In respect to the
sustainability, it is very important to evaluate studies
and monitor the changes of the land cover and the
usage in %DUWÕQ River Basin; thus, there will be minimal impact on the natural resource management, the
water management and various vegetation cover of
the basin by the climate change. The results obtained
from the study will provide essential information of
Black Sea area, which covers most of the forests than
any other area in Turkey.
Data and methods. Collect Earth (CE) method
used in this study was developed for multi-purpose
land monitoring. The CE methodology for LULC
monitoring studies was first published scientifically
in 2016 by Bey et al [35]. FAO Open Foris CE is a
free, open-source and user-friendly tool based on
Java technology that uses other supporting software
(Google Earth Engine – GEE). The source of the remote sensing images are Google Earth, Bing Maps
and Yandex Maps [36]. It has three main components: input, data collection and data management
[29]. It can be used for any purpose, and the analysis
and management of its results can be redesigned.
The work file, which includes sampling design, sampling areas` attributes files and sampling area file, is
saved in csv format. Each plot file can contain topographic conditions and also the other attributes of the
study (climate, ecological zone etc.), if required.
An analyst is able to collects data about LULC
with the help of CE. Visual interpretation is made for
each plot with the help of the high resolution satellite
images obtained from the platforms as Google earth,
bing maps, yandex map. With the help of Google
Earth Engine (GEE) integrated with CE, the graphic
data created from satellite images with different resolution for each pilot is interpreted. By making some
calculations over these graphic data [37], the obtained results are saved in the database with the coordinate information as .csv format for each plot.
One of the most important data for LULC on GEE is
the NDVI graphic data. Vegetation monitoring and
the estimation of vegetation cover are significant for
land degradation monitoring [38]. Therefore, vegetation cover data is required for most of the monitoring studies of global and local changes [39]. Besides, different vegetation indexes have been developed to understand the purposes of land use better.
The most common applied index is NDVI. The
mathematical
formula
of
NDVI
(NIRRED)/(NIR+RED) was created by Tucker in 1985
[40]. In this study, LCLC changes and trends of
those changes were determined by using Collect
Earth integration with GEE Code Editor, NDVI
graphic data and visual interpretation of high-resolution image data from 2000–2018.
Consequently, the land use category was defined and the land classification was made for each

MATERIALS AND METHODS
Study area. %DUWÕQ River Basin is located in the
northern of the Turkey in latitude between 41º-42º
north and longitude between 32º-33º east. The field
of the study is a catchment basin and 2129.83 square
kilometre. Since the socio-economic conditions of
the study area have changed a lot especially for the
last 20 years, there has been a continuous change in
terms of land use [31, 32]. In addition to that, %DUWÕQ
river basin is one of the productive basins of the
country that contains a significant amount of forest
in terms of natural resources. Major past floods and
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plot within the LULC process. The obtained results
were interpolated for the whole area. The implemented land use classes in this study are taken from
the “Land Use, Land-Use Change and Good Practice for Forestry” guide created by Intergovernmental Panel on Climate Change (IPCC) in 2003. The
IPCC has divided land use classes into six categories: Forest, Cropland, Agriculture, Pasture, Wetlands, Settlements, and other land uses. These can be
considered as the major categories to represent land
areas in a country [41]. For this purpose, the methodology mentioned above was adapted to this study.
At the planning stage, a grid of ~ 560 m (north-south)
and ~ 750 m (east-west) spacing was created on the
Bartin River Basin map for systematic visual interpretation. A plot size of approximately 0.5 ha (70 m
× 70 m) was used as corresponding to the smallest
patch qualified as forest according to the definition
used by the FAO Global Forest Resources Assessment. All assessments were made on these grids and
the results were interpolated to the whole study area.
A total of 5063 sample plots were generated as a dataset for the visual interpretation. The quantitative
data for each LULC component was created via the
Collect Earth data collection card (Figure 1). The
data collection card includes the following: IPCC
land categories (vegetation elements vs vegetation
cover), habitat loss/gain (greening/desertification
trend), LULC change from 2000 to 2018.
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RESULTS
When the study area distribution of IPCC land
use classes is examined, the largest area belongs to
the Forest class with 70,1%. This class is followed
by Cropland with 16,3% and Grassland with 10,1%,
respectively. The topographic structure and vegetation content of the region cause the wetlands in the
region to be low (Table 1). Only 2,9% of the entire
basin has a residential area. Settlements are located
rather scattered outside %DUWÕQ city center and its districts. (Figure 2).
LULC Classes; When the forest areas located
in the basin are examined in terms of forest sub categories, 68,5% (102.263,81 ha) of the total forest
area constitutes deciduous forests. Due to the forest
structure of the region, 23,2% (34.620.78 ha) of forest areas are mixture of broadleaf trees and conifers
and 6,8% (10.095,98 ha) are coniferous forests. As
of 2018, there are 1.766,80 ha afforestation area in
the basin. Due to the presence of the river in the basin, there is 588,93 ha riparian forest.

FIGURE 1
%DUWÕQ River Basin and illustration of sampling design and plots (left), Illustration of Collect Earth data
collection card (center) and GEE graphics (right)
TABLE 1
LCLU status of %DUWÕQ River Basin in 2018 derived from Collect Earth
LCLU Class

Area (ha)

Percentage (%)

Forest
Cropland
Grassland
Settlement
Wetland
Otherland

149.348,86
34.782,18
21.575,88
5.972,27
168,23
1.135,57

70,1
16,3
10,1
2,9
0,1
0,5

Total

212.983,00

100
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FIGURE 2
LCLU map of %DUWÕQ River Basin derived from collect Earth for 2018

TABLE 2
Presence and distribution of woody vegetation within LCLU classes
Woody Vegetation Cover
(ha)
Forest
Cropland
Grassland
Settlement
Wetland

Tree cover

Shrubland
cover

<10%
10-40%
40-70%
>70%
<10%
10-40%
40-70%
>70%

126,17
13.290,41
19.809,44
116.122,84
7.822,84
22.963,81
3.701,13
1.177,63

7.991,07
18.127,11
4.416,12
841,17
5.888,16
9.168,70
2.313,20
252,35

7.612,54
11.397,79
0,00
0,00
4.332,00
9.000,47
2.481,44
2.817,90

883,22
3.490,84
925,28
210,29
630,87
1.009,40
0,00
0,00

84,12
42,06
0,00
0,00
0,00
42,06
0,00
0,00

TABLE 3
Sub_categories of cropland class for 2018 in %DUWÕQ river basin
Cropland-sub_categories
Area (ha)
%
Irrigated crops
3.869,36
11,1
Non-irrigated cropland
24.057,32
69,2
Orchard
6.645,20
19,1
Greenhouse
210,29
0,6
Total
34.782,18
100
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Otherland
420,58
336,47
0,00
0,00
126,17
252,35
0,00
0,00
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FIGURE 3
Distribution of Sub-categories of Cropland LCLU Class
Woody vegetation coverage was calculated for
all classes of the basin. Within the forest areas, the
area with> 70% tree coverage is 116.122,86 ha
(77.8%). Within the basin, the area covered with the
most trees in the cropland is in the class with a closure of 10-40% compared to 52,1% (18.127,11 ha).
In the scattered settlement in the basin, there are also
many trees covered areas. In forest areas, the maximum number of bushes is in the forest class with 1040% coverage, with 22.983,81 ha. Other classes
which shrubs are dominant are grassland and
cropland areas. In both main classes, the maximum
number of bushes is within the rate of 10-40% (Table
2).
In general, there are 347,82 km2 cropland in the
basin with high forest assets. 69,2% of the total agricultural areas are non-irrigated agricultural areas.

Initial LCLU (2000)
(ha)

LCLU Classes
Forest
Cropland
Grassland
Settlement
Wetland
Otherland
Total

11,1% of the basin consists of irrigated cropland areas and 19,1% consists of orchard areas. In the basin,
there is a greenhouse in an area of 210,29 ha (Table
3). Irrigated areas are generally observed near the
city center, which is the junction of river basins and
rivers in the basin (Figure 3). Orchards consist
mostly of hazelnut orchards near the forest areas in
the basin.
There are a total of 215,76 km2 grassland in the
basin. 8159,30 (37,8%) ha area of the total grassland
is shrubland. According to the IPCC classification,
shrublands are located under the grassland main
class as a subclass. These areas include vegetation
that fall below the threshold used in the forest land
category and land that without human intervention.

TABLE 4
LCLU change of %DUWÕQ River Basin from 2000 to 2018
Current LCLU (2018) (ha)
SettleWetForest
Cropland
Grassland
ment
land
148.297,41
42,06
42,06
84,12
34.403,65
672,93
210,29
210,29
714,99
294,41
20.650,60
84,12
42,06
5.593,75
126,17
126,17
42,06
210,29
149.348,85

34.782,18

21.575,88

11486

5.972,78

168,23

Otherland
126,17
210,29
42,06
42,06
714,99

148.591,82
35.707,25
21.828,24
5.635,81
126,17
1.093,51

1.135,57

212.983,00

Total
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FIGURE 4
Distribution of Sub-categories of Grassland LCLU Class
Likewise, natural pastures / grasslands / rangelands
areas cover an area of 13.416,58 ha. Grasslands are
71,8% of the total pasture areas with trees and
bushes, 19,4% with trees and 5,3% with bushes. The
class that includes only grassland is 462,64 ha. (Figure 4).
LULC Change: When the changes of LULC
classes between 2000-2018 are analyzed, it was determined that the Forest class increased by 757,03
ha. The change was mostly in the direction of Grassland> forest. This class is followed by cropland> forest and Other land> forest changes, respectively. In
the Settlement areas, an increase of 336,97 ha was
realized, especially in the city center. The increase in
the residential areas was mostly done by destroying
cropland. Small spatial increases were also observed

in otherland and wetland areas. On the contrary, a
decrease of 925,07 ha in Cropland and 252,36 ha in
Grassland areas were detected between 2000 and
2018 (Table 4).
Vegetation observation was carried out between 2000-2018 by looking at the change in NDVI
graphic values of each plot in the basin. By analyzing
the trend over NDVI graphics made over mediumresolution satellite image data (Landsat, Modis, Sentinel), greening / improvement for upward trends and
desertification/land degradation for downward
trends were determined. In this context, an improvement in the area of 6350,80 ha in the basin and land
degradation in 4121,71 ha area were detected. Improvement areas were mostly observed in forest

TABLE 5
Greening and desertification values of %DUWÕQ River Basin based on LCLU classes
LCLU Class
Greening (ha)
Desertification (ha)
Forest
2.439,38
1.429,98
Cropland
1.976,74
378,52
Grassland
1.514,10
420,58
Settlement
378,52
1.219,69
Wetland
84,12
Otherland
42,06
588,82
6.350,80
4.121,71
Total
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FIGURE 5
Desertification and Greening Fields within %DUWÕQ River Basin
class (2.439,38 ha) (Table 5). Approximately the
same areal amount of cropland and grassland areas
follow the Forest class. When the land degradation
areas are examined, the most desertification area is
determined in the forest class. In general, improvement areas in forest and cropland classes are more,
while in other land and settlement classes land degradation areas are more (Figure 5).

DISCUSSION AND CONCLUSION
Land degradation is a complex phenomenon
caused by interacting biophysical and societal factors. It is important to develop scientific evaluation
and measurement methods to detect land degradation
[42]. This study is based on the trends in land cover
(vegetative land cover) indicator, which is one of the
targets accepted by the UNCCD secretariat for the
countries under the Land Degradation Neutrality
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Target Setting Program (LDN TSP), using the Collect Earth methodology. time series observations and
grafical data show that it can be calculated and
mapped. Within the scope of LDN, each state should
determine the land degradation neutrality baseline to
conserve or increase natural resources. The baseline
is expressed as the initial (t0) estimated value and
varies according to the current conditions for each
country. Generally, the baseline should be calculated, for each indicator, as an average across 10-15
years [43]. %DUWÕQ River Basin için the baseline has
been calculated by estimating, for “land cover” indicator, the average value across the 18 year (20002018) baseline period (t0).
%DUWÕQ stream basin Forest areas increased during the 18-year period. It was determined that the
most grassland areas turned into forest areas. The
reason for the transformation is afforestation studies
in the region. Within the boundary of the basin, the
Republic of Turkey Ministry of Agriculture and Forestry is carrying out afforestation works in the fields
of grassland with tree and shrup within the scope of
soil conservation and basin improvement [44]. Agricultural areas, on the other hand, were determined to
decrease in the total area. It has been determined that
the areas that were used as agricultural land in the
past were used as the most grassland area today. In
his study in 2002, ùHQVR\ [45] stated that especially
agricultural areas were abandoned in the basin and
these areas were transformed into grassland with tree
and shrup areas over time. However, there is a reverse transformation in the process as the agricultural area of grassland areas. Settlement areas increased in the 18-year period. The most transformation occurred in the center of %DUWÕQ province towards the settlement areas of agricultural areas. In
his study conducted in 2015, $WHúR÷OX [46] determined that between 1974 and 2011, first-class agricultural lands turned into residential areas in the centre of %DUWÕQ The Otherland class increased slightly
in this process. Within the scope of LULC classes,
especially the increase in settlement and otherland
classes should be accepted as land degradation. Area
increase in forest areas is a positive development in
the opposite direction of land degradation.
It is important that an increase/decline in landbased natural capital, expected to increase/decrease
the value of one or more of the indicators of LDN,
projected during land use planning for a specific area
in a specified timeframe where improvement/and
degradation [47]. Except for the other two LDN criteria (land productivity, carbon stocks), when the basin is evaluated over the land cover, the total greening / improvement area is more than the desertification / land degradation areas. This result shows that
the basin gain areas are more than the loss areas in
the 18-year period. When examined under LULC
classes, forest areas have the highest area both as improvement and land degradation. Although the improvement areas in forest areas are high, examples of
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successful afforestation and planning / management,
the high number of land degradation areas shows
some problems in planning. The improvement areas
in the Cropland and grassland areas are higher than
the land degradation areas, indicating that these areas
have a good understanding of planning and management. Excess land degradation areas in Settlement
areas pose a risk for the future. Considering that the
other two LDN factors are constant, the %DUWÕQ
stream basin should be evaluated within 18-year improvement / gain areas. However, under the LDN,
they must be evaluated together with the results of
the other two criteria. In this study, the study with
the Collect Earth method used is a vegetation monitoring on LULC classes on the basis of trend.
Trends in land productivity that the second criterion for LDN includes Net Primary Productivity
(NPP) monitoring. Because, NDVI is used as a multiplier in the calculations of NPP by remote sensing
method [48, 49], it is likely to produce similar results
to habitat loss (improvement) / gain (land degradation). In addition, as a result of the study, it was observed that %DUWÕQ River Basin is a very rich basin in
terms of natural forest presence. By removing the total greenhouse gas emission under the “climate smart
forestry” (CSF) in Nabuurs et al. 2017 [50], which
was adopted by the European Commission (EC) and
reduced to total emission 40% in accordance with
The Climate and Energy Framework under the Paris
Agreement by 2030. Stated that forest efficiency and
sustainability should be made into multiple policy
goals. In this context, Bartin river basin has a catchment area that is very important for Turkey because
it housed forests and other woody vegetation cover
classes. The total forest area and shrubland area of
the basin constitute 74% of the basin in terms of Carbon sequestration. With this aspect, the study shows
that the results obtanied using collect earth can be
used in possible carbon budget calculations and
LDN indicators in the future.
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DETERMINATION OF THE EFFECTS OF TEBUCONAZOLE
APPLICATIONS ON PEPPER SEEDLING QUALITY BY
MORPHOLOGICAL AND MOLECULAR METHODS
Halil Ibrahim Ozturk*
Erzincan Binali Yildirim University, Vocational School of Health Services, 24100 Erzincan, Turkey

have been conducted where chemicals that slow
and retard growth are effective in controlling seedling height in different vegetable species. Tebuconazole, which belongs to the same group, is a fungicide generally used in fungal diseases. However,
there is no information in the literature that indicates whether or not Tebuconazole has positive
effects on the quality of pepper seedlings. However,
toxic effects occur in seedlings depending on the
application dose. In extant literature, studies have
been conducted involving IRAP analysis in different metabolisms under different stress conditions to
investigate the level of retrotransposon mobility [3,
4, 5, 6]. Epigenetic mechanisms against environmental stresses play an important role in responding
to stress by regulating the gene expression of the
genome in a different manner [7, 8]. Since they can
change gene function, structure and activity, they
are also capable of altering the genome and chromosome structures [9, 10, 11].
Pesticides have been used to prevent loss of
yield due to rapid population growth over the past
50 years and the consequent increase in food demand have been found to cause genotoxic effects in
various metabolisms and environmental problems
over time [12].
Unlike other studies, the usability of Tebuconazole was investigated by morphological and molecular methods in this study by obtaining the ideal
seedling height and seedling quality preferred by
pepper producers.

ABSTRACT
In this study, the effects of Tebuconazole substance on pepper seedling quality and the retrotransposing mobility caused in the plant were
investigated using morphological and molecular
methods. More specifically, 25, 50, 75, 100, 125,
150 and 175 ppm concentrations of Tebuconazole
were applied to the seedlings in the form of leaf
spray. According to the findings of this research, it
was determined that seedling height and stem
height varied significantly according to the doses. It
was also determined that all dosage applications in
pepper seedlings prevented excessive and unnecessary elongation in seedling and stem heights. Stem
dry matter ratio, leaf dry matter ratio, and root dry
matter ratio were also determined to vary significantly in accordance with the doses. Furthermore, it
was observed that the increase in the dose rate applied decreased the genome stability (GTS) and the
rate of polymorphism increased. Dose application
of 25 ppm did not cause any change in polymorphism rate and GTS value. When the data obtained
from the morphological and molecular methods are
collectively evaluated, dose applications up to 75
ppm can reportedly be used in practice as it positively affects the seedling quality and also impacts
the stability of the genome at a minimum level.

KEYWORDS:
Capsicum Annum, Genotoxic, Quality, IRAP, Tebuconazole

MATERIALS AND METHODS
INTRODUCTION

The study was conducted in the seedling
greenhouse. A-3055 F1 variety of pepper was used
in the experiment. Seedlings were grown in 128compartment viols, each of which is 40 x 40 mm. A
mixture of peat:perlite (3:2) was used as seedling
growing medium. A commercial preparation 'Folicur' containing 25% Tebuconazole (developed by
Bayer) was used as the source of Tebuconazole. In
this randomized-block-design study, seven different
application doses (0, 25, 50, 75, 100, 125 and 150
ppm, respectively) were applied to plants. Seedlings

In recent years, the vast majority of producers
have turned to the use of ready-made seedlings due
to the advantages of production with seedling. The
vegetables’ yield and quality produced are greatly
affected by the quality of the seedlings used [1]. A
good quality seedling should have a thick stem,
dark green leaves, a vibrant, and strong root structure [2]. For the production of small sizes in seedlings, especially the length of the seedling should
be controlled in some manner. Many researches
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FIGURE 1
Pepper seedlings to which Tebuconazole will be applied at different doses
to which Tebuconazole will be applied in different
doses are given in Figure 1. In accordance with the
randomized block design, the study is planned with
3 repeats and 21 plants in each repeat. Tebuconazole solutions prepared at different doses in the
laboratory were applied by spraying to the green
parts of the plants 30 days after sowing, with two
applications at 14-day intervals, and after the final
application. The seedlings were grown under the
greenhouse conditions until the planting period (2
weeks later) (Figure 2). The necessary measurements, observation, and analysis were made on the
seedlings.

(cm) were measured with tape measure, whereas
stem diameter (mm) was measured with a digital
caliper. Leaf chlorophyll content was measured
using SPAD (Chlorophyll Meter SPAD-502Plus,
Konica Minolta). Prior to the measurement of the
root height, the roots were washed thoroughly
without any root loss and measured in cm using a
tape measure. In order to determine the dry matter
contents in seedlings, ten seedlings were taken
randomly and leaves, stems and roots were dried
outdoors for one week, subsequent to which the wet
weight was determined. They were then dried at
105oC in an oven for 24 hours before being
weighed [13]. The wet and dry weights were determined using a scale with 0.01 g precision, and
dry matter content (%) was determined with the
following formula: Dry Matter Content (%) = Dry
Weight x100 / Wet Weight [14]. SPSS 22.0 statistical program was used to perform statistical analysis
of the data.

Harvest and growth parameters. Seedling
height (cm), Stem height (cm), number of leaf
(number/plant), stem diameter (mm), leaf dry matter content (%), stem dry matter content (%), root
dry matter content (%), and leaf chlorophyll content
(SPAD) were measured to determine the seedling
development. Seedling height (cm) and Stem height

Primer name
SUKKULA
3LTR-5
LTR 6150
NIKITA E26475LTR1
LTR 6149 -5

TABLE 1
Details of primers used in the IRAP-PCR analysis
Sequence 5’Æ
Æ3’
GATAGGGTCGCATCTTGGGCGTGAC
TGTTTCCCATGCGACGTTCCCCAACA
CTGGTTCGGCCCATGTCTATGTATCCACACATGTA
ACCCCTCTAGGCGACATCC
TTGCCTCTAGGGCATATTTTCCAACA
CTCGCTCGCCCACTACATCAACCGCGTTTATT

Component
10 x PCR buffer
dNTPs (10 nM)
MgCl2 (25 mM)
IRAP primer (5 mM)
Taq DNA polymerase
Ultra pure water
Genomic DNA
Total volume

TABLE 2
Components of IRAP-PCR analysis
Quantity (μl)
2
0.5
1.25
1
1
13.25
1
20
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T.M. (0C)
63.3
64.6
64.4
58.7
58.4
65.9
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Cycle name
Initial Denaturation
Denaturation
Primer binding
Elongation
Denaturation
Primer binding
Elongation
Last elongation
Termination

Fresenius Environmental Bulletin

TABLE 3
IRAP-PCR protocol
Temperature
95 oC
95 oC
* oC
72 oC
95 oC
35 oC
72 oC
72 oC
4 oC

Time
2 min
30 sec
1 min
2 min
30 sec
1 min
2 min
5 min


Number of Cycles
1
2
1
1
41
1
1
1
1

* Adhesion temperature of the relevant IRAP primer given in Table 1

Molecular analysis. DNA Isolation. DNA
was isolated from plant samples for IRAP (Inter
Retrotransposon Amplified Polymorphism) analysis. DNA isolation was accomplished with minor
changes in the method expressed by Saghai-Maroof
et al. (1984) [15].

Stem height (cm). It was determined that dose
applications had a statistically significant effect on
stem height. In the study, while the stem height
value measured in the control application was 4.22
cm, the stem height varied depending on the doses
as a result of the application of Tebuconazole. The
lowest stem height was found at a dose application
of 75 ppm as 3.12 cm (Table 4).

IRAP Marker Analysis. Six IRAP primers
(Metabion International AG Lena-Christ-Strasse
44/I D82152 Martinsried, Deutschland) were used
in the study in Table 1.
The components and quantities required for
the IRAP-PCR procedure to evaluate the retrotransposon mobility were prepared with the values given
in Table 2.
The samples were subjected to the PCR protocol given in Table 3.

Stem diameter (mm). Significant differences
were found between the applications in terms of
stem diameter. It was determined that all doses
increased the stem diameter after the application.
The biggest stem diameter (2.92 mm) was detected
at a dose of 25 ppm (Table 4).
Number of leaves per plant (number/plant).
The effect of different doses on the number of
leaves per plant was found to be significant according to statistical evaluations. The number of leaves
per plant was observed to be 7.6 in the seedlings
without application. After application, the number
of leaves increased in applications other than the
100, 125, 150 and 175 ppm dose (Table 4).

IRAP Electrophoresis Protocol. The PCR
products obtained were loaded with a gel loading
solution in agarose gel and were run at 90 volts for
100 minutes. The bands formed as a result of electrophoresis were examined under a UV device at
256-nm UV light.
IRAP Analysis and Calculation of Genomic
Template Stability (GTS). Genomic mold stability
(%) was calculated for each primer using the following formula of 100 (100 - a n-) -1 by Ateinzar
(1999) [16]. In this formula, 'A' refers to the IRAP
polymorphic profiles determined for each sample,
whereas 'n' refers to the total amount of DNA band
obtained with the respective primary in the negative
control group.

Leaf dry matter content (%). Doses were
found to have a statistically significant effect on
leaf dry matter content. In the plants in control
application, the content of leaf dry matter was
18.07%, whereas there was a generally decrease in
the dry matter leaf content at all application doses
after the application of Tebuconazole, as compared
to the control group. Apart from the control group,
the highest dry matter content was obtained from 50
ppm (16.07%) dose (Table 4).

RESULTS

Stem dry matter content (%). In all doses
except that of 150ppm, there was a general increase
in the stem dry matter content in comparison to the
control group. The highest rates were measured in
175, 125 and 25 ppm applications, respectively
(Table 4).

Seedling height (cm). In the study, Tebuconazole applications had a significant effect on seedling height. The seedling length in the 0 ppm (control) application was determined to have 8.02 cm,
and the seedling length decreased, depending on the
doses after application, and the lowest value (4.28
cm) was obtained in 75 ppm application (Table 4).
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Doses

0 ppm
25 ppm
50 ppm
75 ppm
100 ppm
125 ppm
150 ppm
175 ppm
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TABLE 4
Effects of Tebuconazole applications on seedling quality characteristics
Leaf
Number of
Dry
Stem Dry Root Dry Leaf ChloroSeedling
Stem
Stem DiLeaf
Matter
Matter
Height
Matter
Height
phyll Quantiy
ameter
(NumRatio Ratio (%) Ratio (%)
(cm)
(cm)
(SPAD)
(mm)
ber/Plant)
(%)
8,02a
4,22a
2,48c
7,60bc
44,49d
18,07a
16,56d
7,32c
6,53b
4,20a
2,92a
8,60a
46,07d
14,42c
18,54b
6,79d
5,93c
4,13ab
2,80ab
8,40a
52,42b
16,07b
17,64c
7,30c
4,28f
3,12d
2,70b
7,80b
48,43c
15,64b
18,32b
7,69ab
4,77de
3,32d
2,82ab
6,60e
52,25b
15,95b
18,38b
7,48bc
4,82de
3,68c
2,82ab
7,40bc
49,07c
15,82b
18,98a
7,91a
3,67c
2,78b
7,20cd
56,83a
4,57e
15,59b
16,51d
7,38c
4,87d
3,95b
2,73b
6,80de
15,85b
18,99a
7,66ab
49,77c
***

*p<0.05
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***

***

***

***

***

***

***

***p<0.001

FIGURE 2
Pepper seedlings to which Tebuconazole was applied at different doses and to be sowed
Root dry matter content (%). In the study,
the stem dry matter content obtained from the control group (0 ppm) was found to be 7.32%. As a
result of the application of Tebuconazole, the stem
dry matter content was determined to increase at the
doses of 75, 100, 125 and 175 ppm compared to the
0 ppm (control) dose, and decrease at the other
doses. The highest content (7.91%) was obtained
from the 125 ppm dose (Table 4).

bands was found to vary between 84 and 1,212 bç.
The highest number of polymorphic bands was
obtained with 6 units from Nikita, 5LTR1, and LTR
6149-5 primers. Details of the data obtained from
the IRAP analysis are presented in Table 5.
Polymorphism occurred in all groups, with the
exception of 25 ppm. Polymorphism rates in the
applied groups were determined to vary between
0% and 55.55%. The lowest polymorphism rates
were 0% in the 25-ppm dose group, and 11.11% in
the 50-ppm dose group. In Tebuconazole applied
seedlings, the polymorphism value was determined
to decrease, depending on the dose increase. The
highest polymorphism was determined as 61.11%
from the 175-ppm Tebuconazole applied seedlings.
It was also determined that the value of GTS (Genomic Template Stability), which is the expression
of genomic stability, varied depending on the dose
of Tebuconazole administered. The GTS value was
found to vary between 38.89% and 100%. The
highest GTS value was determined as 100% in 25
ppm Tebuconazole applied seedlings. GTS value
decreased to 38.89% due to the increase in the dose
of Tebuconazole. Figure 3 illustrates the band
image obtained from the Nikita primer.

Chlorophyll content (SPAD value). Statistical analysis revealed that the applications of Tebuconazole had a substantial effect on the leaf chlorophyll content (SPAD value). All doses of application were determined to increase the amount of
chlorophyll and the highest chlorophyll value was
obtained from 150 ppm (56.83) dose (Table 4).
IRAP Analysis. In order to determine the retrotransposon mobility in the tebuconazole applied
samples, IRAP analysis was performed and then
compared with the control group. 165 bands were
obtained from 6 IRAP primers used to determine
the size of stress caused by the fungicide of Tebuconazole at the molecular level. The size of these

11496

© by PSP

Volume 29 – No. 12A/2020 pages 11493-11500

Fresenius Environmental Bulletin

TABLE 5
Data from IRAP analysis
25 ppm 50 ppm 75 ppm
100
ppm
+370
+350

Primer name

Control

125
ppm
+489

150
ppm
+667
+500
+306

175
ppm
+667
+542
+318

Nikita

4

3LTR-5
Sukkula

1
5

-

-

-

+368

+368
+306

+400
+306

+489
+416

LTR 6150

3

-

-

+425

+453

+545
+434

+557
+434

+636
+546

5LTR1

3

-

+527

+531

+534

+588

-

+339

+342

+349

+367

+593
+332
+383

-

2

4

5

7

10

+601
+321
+394
+305
11

LTR 6149 -5

2

Total Number of
Bands
Polymorphism
rate
GTS value

18

0

11.11

22.22

27.77

38.88

55.55

61.11

100

88.89

77.78

72.23

61.12

44.45

38.89

FIGURE 3
Band image from Nikita primer
Tebuconazole. In a similar study, the researchers
determined that the seedling height decreased in all
species after uniconazole application at the doses of
2.5, 5, and 10 mg L -1 on tomato, pepper and
eggplant seedlings [20], while in another study,
paclobutrazol application was made on tomato
seedlings from the soil (1ppm) and from the leaves
(25 ppm). It was determined that there was a decrease of 20% and 16% in plant heights, respectively due to the application of paclobutrazol in the
form of spraying from the soil and from the leaves
on the tomato seedlings [21]. Our results exhibit
similarities with the findings in other studies. These
types of substance can inhibit Gibberellic Acid
synthesis [22] and in this study, the decrease in

DISCUSSION AND CONCLUSION
No other study has investigated the effects of
Tebuconazole application on seedling quality in
pepper and other vegetable species and the retrotransposon mobility caused by these effects within the plant. However, previous studies have examined the effects of Paclobutrazol and similar substances in Triazole group such as Tebuconazole on
vegetable seedling characteristics and quality [17,
18, 19].
Tebuconazole application significantly affected all the properties measured on seedlings
S  6LJQLILFDQW UHGXFWLRQV LQ VHHGOLQJ DQG
stem height were detected after the application of
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height is thought to be due to this effect. According
to the data obtained, it was determined that the
applications facilitated an increase in stem diameter. In plants in the control group, the average stem
diameter was measured as 2.48 mm and the highest
stem diameter was obtained from seedlings with 25
ppm application. Studies wherein there were increases in the diameter of the seedlings after the
application of similar chemicals [23, 24] support
our findings. As a result of the applications, it was
determined that leaf, stem, and root dry matter
ratios varied significantly. It was also determined
that there was a decrease in leaf dry matter ratio
compared to the control application and an increase
in stem and root dry matter rates in general. A similar study has revealed a decrease of 7% and 6% in
tomato seedlings as compared to control applications in dry mass [21]. Baninasab (2009) identified
an increase of 6.11-16.45% in shoot dry mass of
watermelon seedlings as a result of paclobutrazol
application [25]. Changes in the amount of dry
matter of the plant could have possibly affected the
synthesis and transport of gibberellic acid in plants
and may result from the regression in growth. Due
to the measurements made on the seedling leaves,
an increase in the amount of chlorophyll occurred
in all doses compared to the control group. Our
findings reveal similarity with the results of studies
in which tomatoes [25], watermelon [26], geranium
[27], potato [28], and lettuce [29] were administered growth-inhibiting chemicals.
In our study, it was determined that the stress
caused by the dose of Tebuconazole increased retrotransposon mobility, which in turn, caused an
increase in polymorphism value. In addition, this
retrotransposon mobility was determined to cause a
decrease in GTS value, which expresses the stability of the genome. The lowest polymorphism rate
(0%) and the highest GTS (100%) value were obtained from the dose of 25 ppm. Furthermore, it
was determined that the change in polymorphism
and GTS values at doses up to 50 ppm was at an
acceptable rate, but higher doses made significant
changes in these rates. The decrease in GTS value
indicates that Tebuconazole stress affects the genome stability (Table 5).
Almost all different doses of Tebuconazole in
pepper seedlings were found to have prevented
excessive and unnecessary elongation in seedling
and stem heights. As a result, although the seedlings under the control application reached the size
of planting, the time for the applied seedlings to
reach the planting time was observed to have prolonged. Effect or toxicity role of externally applied
chemicals in plants depends upon its concentration,
transmission, and performance. However, such
chemicals (plant growth regulator, fungicide, herbicide, etc.) can cause stress in plants depending on
the dosage [12]. However, it is indicated that 25, 50
and 75 ppm Tebuconazole dose applications will be
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beneficial in obtaining the desired seedling quality
when the obtained molecular analysis results and
data on some seedling quality characteristics are
evaluated together. It was determined that with the
increase of the dose applied, genome stability
(GTS) decreased and the rate of polymorphism
increased. In future studies, various variations can
be tried by increasing the number of doses in the
range up to the highest dose, which then causes the
least change in polymorphism rate and GTS value
and positively affects seedling characteristics, or by
reducing the number of applications once.
As a result, it was determined that Tebuconazole substance provided height control in pepper
seedlings and positively affected seedling quality
characteristics, while also causing a decline in the
genome stability by causing Tebuconazole stress
over a certain dose. The data obtained in this study
suggests that the doses that affected the seedling
quality positively and affected the genome stability
at the minimum level can also be applied in practice, thus benefiting the seedling producers.
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FRAGMENTED QRS, AS A SURROGATE MARKER FOR
MYOCARDIAL FIBROSIS, IS ASSOCIATED WITH HIGH
BLOOD LEAD LEVELS
Mustafa Karanfil1,*, Meside Gunduzoz2, Murat Karakurt2, Emre Arugarslan1, Sefa Unal1,
Kursat Akbuga3, Ahmet Akdi1, Mehmet Akif Erdol1, Kadriye Gayretli Yayla4,
Ahmet Goktug Ertem1, Ozcan Ozeke1, Cagri Yayla1
1
Ankara City Hospital, Department of Cardiology, Ankara, Turkey
Ankara Occupational and Environmental Diseases Hospital, Ankara, Turkey
3
Ufuk University Ridvan Ege Medical Faculty, Department of Cardiology, Ankara, Turkey
4
Ankara DisNDSÕ7UDLQLQJDQG5HVHDUFK+RVSLWDO'HSDUWPHQWRI Cardiology, Ankara, Turkey
2

DWKHURVFOHURVLV are possible PHFKDQLVPV . [3, 4] In
previous studies, analysis RI HOHFWURFDUGLRJUDSKLF
parameters (QT interval, P wave duration, Tpe
time) UHYHDOHG KLJKHU risk of atrial and ventricular
DUUK\WKPLDV in lead exposed workers compared
ZLWK KHDOWK\ DGXOWV[5]. $QRWKHU VWXG\ UHSRUWHG
KLJKer numbers of premature atrial and ventricular
contractions in lead exposure group.[6]
Fragmented QRS (fQRS) is an HOHFWURFDUGLR
JUDSKLF PDUNHU RI P\RFDUGLDO VFDU in coronary
artery disease.[7] Prognostic value of fQRS was
HYDOXDWHG LQ RWKHU FDUGLRYDVFXODU GLVHDVHV VXFK DV
GLODWHGFDUGLRP\RSDWK\VDUFRLGRVLVDUUK\WKPRJHQ
LF ULJKW YHQWULFXODU FDUGLRP\RSDWK\ %UXJDGD V\Q
drome and long QT syndrome.[8] As a marker of
myocardial fibrosis, fQRS may be an indicator of
myocardial involvement in lead poisoning. ,Q WKLV
study, we aimed to investigate association between
occupational lead exposure and development of
fQRS.

ABSTRACT
Lead exposure is a serious environmental
SUREOHP DQG DVVRFLDWHG ZLWK VHULRXV KHDOWK SURE
OHPV %ORRG OHDG OHYHOV VKRXOG EH PHDVXUHG HVSH
cially in lead exposed workers. Lead exposure
could cause myocardial fibrosis and scar in cardiac
tissue. Fragmented QRS (fQRS) is an easy to detect
HOHFWURFDUGLRJUDSK\ (&*  ILQGLQJ DQG D SUHGLFWRU
RIP\RFDUGLDOVFDU,QWKLVVWXG\ZHDLPHGWRLQYHV
WLJDWHWKHDVVRFLDWLRQRII456DQGOHDGH[SRVXUH
2QH KXQGUHG DQG IRXUW\ ILYH RFFXSDWLRQDOO\
OHDG H[SRVHG PDOH ZRUNHUV ZLWK KLJK EORRG OHDG
OHYHOV DQG  PDOH ZRUNHUV ZLWK QRUPDO EORRG
OHDG OHYHOV DUH UHWURVSHFWLYHO\ HYDOXDWHG +HPDWR
ORJLFDO HFKRFDUGLRJUDSKLF DQG (&* ILQGLQJV ZHUH
compared.
:RUNHUVZLWKKLJKEORRGOHDGOHYHOKDGVLJQLI
LFDQWO\ KLJKHU I456 WKDQ ZRUNHUV ZLWK QRUPDO
blood lead levels (13.8%, 4.4%, respectively, p:
0.004) In regression analysis, blood lead level is
DVVRFLDWHG ZLWK I456
1.026(1.0111.041),
p=0.001).
,QWKLVVWXG\ZHIRXQGWKDWZRUNHUVZLWKKLJK
EORRG OHDG OHYHOV KDV KLJKHU I456 FRPSDUHG ZLWK
ZRUNHUVZLWKQRUPDOEORRGOHDGOHYHOVI456FRXOG
EHDVXUURJDWHGPDUNHUIRUVXVSLFLRQIRUKLJKEORRG
OHDG )XUWKHU SURVSHFWLYH DQG randomized trials is
QHHGHGIRUWKLVUHODWLRQVKLS

MATERIALS AND METHODS
7RWDOO\  PDOH ZRUNHUV ZLWK OHDd exposure
ZKRDGPLWWHGWRoutpatient clinics were enrolled to
WKH VWXG\ After blood lead level measurements,
subjects were divided two subgroups as workers
ZLWK KLJK EORRG OHDG OHYHOs (n: 145) and workers
ZLWK QRUPDO EORRG OHDG OHYHOV Q  . Patients
ZLWKVWUXFWXUDOKHDUWGLVHDVH EXQGOHEUDQFKEORFNV
pacemaker UK\WKPV, intraventricular conduction
delay (QRS duration >120 ms), diabetes mellitus,
K\SHUWHQVLRQ FRURQDU\ DUWHU\ GLVHDVH ZKLFK FRXOG
cause fQRS were excluded from study. 7KLV VWXG\
was approYHG E\ WKH HWKLFV FRPPLWWHH RI ORFDO
KRVSLWDO DQGZDV FDUULHGRXWDFFRUGLQJ WR WKHUXOHV
RIWKH+HOVLQNL'HFODUDWLRQ
&RPSUHKHQVLYHPHGLFDOKLVWRU\ZDVWDNHQDQG
SK\VLFDO H[DPLQDWLRQ ZDV DOVR GRQH DW DGPLVVLRQ
(&*ZLWKOHDGV was recorded at a standard FDOL
bration after 5minute resting (25 mm/s paper speed
 PPP9  1LKRQ .RKGHQ 7RN\R -DSDQ  DW

KEYWORDS:
AUU\WKPLD(&*OHDGH[SRVXUHFDUGLRYDVFXODUV\VWHP

INTRODUCTION
2FFXSDWLRQDOOHDGH[SRVXUHLVDVVRFLDWHGZLWK
VHULRXV KHDOWK SUREOHPs. %ORRG OHDG OHYHOV VKRXOG
be FKHFNHG LQ OHDG Hxposed workers.[1] Increased
EORRG OHYHOV RI OHDG ZDV DVVRFLDWHG ZLWK LQFUHDVHG
cardiovascular mortality.[2] 3UHYLRXV VWXGLHV UH
YHDOHGWKDWHOHYDWHG blood pressure and accelerated
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admission. %DVLF (&* SDUDPHWHUV DQG IUDJPHQWHG
QRS were analyzed by two cardiologists, in case of
disagreement WKH ILQDO GHFLVLRQ ZDV JLYHQ E\ FRQ
sensus of a JURXSRIFDUGLRORJLVWVLQFOXGLQJH[SH
ULHQFHGHOHFWURSK\VLRORJ\SK\VLFLDQ
Blood samples were drawn from antecubital
veins at admission DIWHU  KRXUV IDVWLQJ %ORRG
lead levels, renal function tests, liver function tests
DQGKHPRJUDPZHUHUHFRUGHG
All tKH PHDVXUHPHQWV ZHUH GRQH DIWHU 
magnification. Heart rate was measured manually
IURPWKHVXUIDFH(&*ZKLFKZDVUHFRUGHGDIWHU
minute resting period. QT interval duration was
FDOFXODWHGPDQXDOO\IURPWKHVWDUWRIWKH4ZDYHWR
WKHHQGRIWKH7ZDYHCorrected QT was calculated
ZLWK%D]]HWWIRUPXOD47LQWHUYDO 47PD[ ¥5–
R cycle duration.[9]
Onset of PZDYH LV DFFHSWHG DV WKH LQLWLDO GH
IOHFWLRQIURPWKHLVRHOHFWULFEDVHOLQHGHILQHGE\WKH
TP segment DQGWKHRIIVHWRI3wave is accepted
DV WKH MXQFWLRQ RI WKH HQG RI WKH 3 ZDYH DQG LWV
return to baseline.[10]
(FKRFDUGLRJUDSKLF HYDOXDWLRQV ZHUH GRQH E\
WKHVDPHFDUGLRORJLVWRQOHIWODWHUDOGHFXELWXVSRVL
WLRQ DFFRUGLQJ WR $PHULFDQ 6RFLHW\ RI (FKRFDUGL
RJUDSK\ guidelines recommendations.[11]
)UDJPHQWHG 456 ZDV DFFHSWHG DV WKH SUHV
ence of a second RဩZDYH 5¶  RU QRWFKLQJ RI WKH
RဩZDYH RU LQ WKH QDGLU RI 6ဩwave, oU WKH SUHVHQFH
RIPRUHWKDQRQHR’ (fragmentation) in at least two
contiguous leads.[12]
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RESULTS
'HPRJUDSKLF, ELRFKHPLFDO and complete
blRRG FRXQW SDUDPHWHUV RI WKH WZR JURXSV ZHUH
presented in Table 1. $ WRWDO RI  PDOH RFFXSD
WLRQDOO\OHDGH[SRVHGZRUNHUVZLWKKLJKEORRGOHDG
OHYHOV DQG  PDOH ZRUNHUV ZLWK QRUPDO EORRG
OHDGOHYHOVZHUHHQUROOHGWRWKHVWXG\0HGLDQDJH
RIWKHJURXSZLWKKLJKEORRGOHDGOHYHODQGQRUPDO
blood lead level were 36.00 (30.0043.50) and
38.00 (30.0047.00) respectively (p=0.400). 7KHUH
were no statistically significant difference between
JURXSVLQWHUPVRIELRFKHPLFDODQGFRPSOHWHEORRG
count parameters except CRP (p=0.01) and blood
glucose levels(p:0.03). $OWKRXJK WKH GLIIHUHQFH LV
VLJQLILFDQW IRU &53 DQG EORRG JOXFRVH OHYHO WKH
values are all in normal range. Blood lead levels of
ZRUNHUV ZLWK KLJK EORRG OHDG DQG QRUPDO EORRG
lead were 40.00(24.5051.00) and 2.00(1.003.00)
respectively. (p<0.001)
(FKRFDUGLRJUDSKLFDQG(&*SDUDPHWHUVRIWKH
JURXSVDUHVKRZQLQTable 2. TKHUHZDVQRVWDWLVWL
cally significant difference between groups in terms
RIKHDUWUDWHV47FGXUDWLRQVDQGHMHFWLRQIUDFWLRQV
(p=0.153, p=0.410, and p= 0.595, respectively.) In
Table 3 groups were compared for presence of
I456 :RUNHUV ZLWK KLJK EORRG OHDG OHYHO KDG
 I456 DQG ZRUNHUV ZLWK QRUPDO EORRG OHDG
OHYHOVKDGI456DQGWKHGLIIHUHQFHZDVVWDWLV
tically significant. (p=0.004)
7Kere was no correlation between blood lead
levels and RWKHU (&*SDUDPHWHUV 7DEOH
After univariate regression analyses, blood
lead level is solely predictor for SUHVHQFH RI IUDJ
mented QRS. (p=0.01). (Table 5)

STATISTICAL ANALYSIS
Statistical DQDO\VHV RI WKH VWXG\ were SHU
IRUPHG ZLWK 6366 9HUVLRQ  SURJUDP 6366
,QF &KLFDJR ,OOLQRLV 86$  'HVFULSWLYH VWDWLVWLFV
for numerical variables were created. Continuous
variables were presented as median (interquartile
range). .ROPRJRURY6PLUQRY WHVW ZDV XVHG WR GH
termine normality. Mann:KLWQH\ 8 WHVWZDVXVHG
to compare differences between 2 independent
JURXSV 6SHDUPDQ¶V 5KR WHVW ZDV XVHG WR WHVW WKH
FRUUHODWLRQ EHWZHHQ (&* SDUDPHWHUV DQG EORRG
lead levels. Categorical variables were compared
using WKHȤ2 test. Logistic regression analysis were
SHUIRUPHG WR GHWHUPLQH WKH LQGHSHQGHQW SUHGLFWRUV
of fQRS
$SYDOXHOHVVWKDQZDVDFFHSWHGDVVLJ
nificant. 15 patients were randomly selected from
WKH VWXG\ JURXS 0HDVXUHPHQWV ZHUH UHSHDWHG XQ
GHU WKH VDme basal conditions, and reproducibility
RIWKH(&*SDUDPHWHUVwere assessed according to
WKHFRHIILFLHQWRIYDULDWLRQEHWZHHQPHDVXUHPHQWV
Mean intraobserver variability was 3IRU(&*
parameters.

DISCUSSION
,Q WKLV VWXG\ ZH VKRZHG WKH DVsociation of
I456ZLWKKLJKEORRGOHDGOHYHOVIRUWKHILUVWWLPH
LQ WKH literature :H DOVR VKRZHG WKDW EORRG OHDG
level is independent predictor of presence of fQRS.
Environmental and occupational lead exposure is a
ELJ SUREOHP DQG FDXVHV VHULRXV KHDOWK Sroblems.
$OWKRXJK HQYLURQPHQWDO H[SRVXUH LV UHGXFHG ZLWK
WKHUHPRYDORIOHDGIURPIXHOVRFFXSDWLRQDOH[SR
VXUHLVVWLOODPDMRUSUREOHP/HDGKDVPDQ\KDUP
IXO HIIHFWV RQ ZKROH ERG\ SDUWV %HVW NQRZQ WR[LF
effects of lead is on nervous system and it can cause
FRJQLWLYHGLVWXUEDQFHVZLWKORZGRVHVDQGHQFHSKD
ORSDWK\DQGGHDWKLQKLJKGRVHV>1315@/HDGH[SR
VXUH FDQ DOVR FDXVH KHPDWRORJLF JDVWURLQWHVWLQDO
DQG QHSKURORJLFDO VLGH HIIHFWV DV DQHPLD ZHLJKW
loss, nausea, vomiting and renal failure.[16, 17]
(IIHFW RI OHDG H[SRVXUH RQ KHDUW KDV EHHQ NQRZQ
VLQFHWKFHQWXU\/HDGH[SRVXUHFDQFDXVHK\SHU
WHQVLRQ KHDUW IDLOXUH DQG FRURQDU\ DUWHU\ GLV
ease.[1820@3RVVLEOH PHFKDQLVP DFFXVHG IRU WKH
effect of lead on cardiovascular system are in
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7 DQJHO DQG PDQ\ SURDUUK\WKPLF SDUDPHWHUV DUH
IRXQG WR EH UHODWHG ZLWK OHDG H[SRVXUH >2325]
(IIHFWRIOHDGRQDXWRQRPRXVV\VWHPFDUGLDFH[FLW
ability, calcium like effect on cell membrane and
increased norHSLQHSKULQH DQG FAMP production
DUHSRVVLEOHUHVSRQVLEOHPHFKDQLVPV>26, 27]

creased blood pressure, inflammation, reactive
R[\JHQ UDGLFDOV DQG HQGRWKHOLDO G\VIXQFtion.[21,
22]
0DQ\(&*SDUDPHWHUVDVGHFUHDVHGKHDUWUDWH
YDULDWLRQ SURORQJHG 47 GXUDWLRQ LQFUHDVHG KHDUW
rate, AV conduction abnormalities, abnormal QRS

TABLE 1
Comparison of demographic and blood values between groups
*URXSZLWKKLJKEORRGOHDGOHYHOV
*URXS ZLWK QRUPDO EORRG OHDG P value
0HGLDQ
WKWK SHUFHQWLOH  levels
0HGLDQ WKWK SHUFHQWLOH 
(n:145)
(n:158)
Age (Years)

36.00 (30.0043.50)

38.00(30.0047.00)

0.400

*OXFRVH PJGO

91.00(85.0098.00)

96.50(85.00109.00)

0.003

Creatinin (mg/dl)

0.80(0.700.80)

0.80(0.700.90)

0.138

Ast (IU/L)

19.00(15.0022.00)

22.00(14.7528.00)

0.043

Alt (IU/L)

19.00(15.0029.00)

23.00(13.0033.00)

0.493

Na (mEq/L)

139.00(137.00141.00)

138.00(133.00141.00)

0.104

. P(q/L)

4.30(4.104.50)

4.20(4.004.50)

0.189

Ca(mg/dl)

9.60(9.2010.00)

10.00(9.0011.00)

0.500

CRP (mg/L)

0.01(0.000.20)

0.10(0.000.30)

0.01

(65 PPKU

7.00(3.0012.00)

9.00(4.0013.25)

0.165

WBC (10 /L)

7.00(6.008.40)

7.35(5.678.80)

0.872

HB (gr/dl)

15.00(14.0016.00)

15.00(14.0016.00)

0.489

HCT (%)

46.00(43.0048.00)

45.00(41.0049.00)

0.383

NEU (1000/μL)

4.00(3.174.66)

4.30(3.005.32)

0.336

LYMP (1000/μL)

2.40(1.902.87)

2.60(1.603.40)

0.340

TSH (mU/L)

1.30(0.901.90)

1.30(1.101.80)

0.203

Blood lead (μg/dL)

40.00(24.5051.00)

2.00(1.003.00)

<0.001

9

$EEUHYLDWLRQV$VW$VSDUWDWHDPLQRWUDQVIHUDVH$OW$ODQLQHWUDQVDPLQDVH1D6RGLXP.SRWDVVLXP&D&DOFLXP&53
CUHDFWLYHSURWHLQ(65(U\WKURF\WHVHGLPHQWDWLRQUDWH:%&:KLWHEORod cell count; HB: Hemoglobin; HCT: Hematocrit;
1(81HXWURSKLOFRXQW/<03+/\PSKRF\WHFRXQW76+7K\URLGVWLPXODWLQJKRUPRQH

TABLE 2
Comparision of ECG and echocardiographic parameters between groups
*URXSZLWKKLJKEORRGOHDG
*URXSZLWKQRUPDOEORRG
levels
lead levels
Median (2575)
Median (2575)
Heart rate (BPM)
85(68.0097.00)
82.00(67.0092.00)
P wave duration(msec)
100.00(88.00111.00)
102.50(86.00115.00)
PR duration (msec)
158.00(130.00186.00)
159.50(140.00189.00)
QRS duration(msec)
99.00(88.00111.00)
99.00(87.00107.25)
cQT(msec)
424.00(408.00436.50)
421.00(403.00435.00)
EF
63.00(60.0065.00)
63.00(61.0066.00)
LA diameter(cm)
3.50(3.203.80)
3.60(3.203.80)
LV EDD (cm)
4.60(4.204.95)
4.50(4.104.82)

P value

0.153
0.786
0.486
0.455
0.410
0.595
0.414
0.122

Abbreviations: BPM: Beat per minute; cQT: Corrected QT; EF: Ejection fraction; LA: Left atrium; LV EDD: Left Ventricul
enddiastolic diameter
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TABLE 3
Chi-square test between groups according to presence of fQRS
*URXSZLWKKLJKEORRG
*URXSZLWKQRUPDO
lead levels
blood lead levels
20(13.8%)
7(4.4%)
125(86.2%)
151(95.6%)

P
0.004

Abbreviations: fQRS: fragmented QRS

TABLE 4
Correlation between blood lead levels and bazal ECG parameters
Blood Lead Levels
R
P value
Heart rate (BPM)
0.087
0.137
P wave duration(msec)
0.035
0.548
PR duration (msec)
0.056
0.331
QRS duration(msec)
0.031
0.595
cQT(msec)
0.001
0.989
Abbreviations: BPM: Beat per minute; cQT:corrected QT duration

TABLE 5
Univariate regression analyses between parameters and fQRS
P value
95% Confidence Interval
Age
0.323
0.979(0.9371.022)
*OXFRVH
0.257
0.982(0.9511.014)
Creatinin
0.283
0.166(0.0064.409)
CRP
0.247
0.216(0.0160.899)
ESR
0.140
0.944(0.8751.019)
Blood Lead Levels
0.001
1.026(1.0111.041)
Heart Rate
0.308
0.486(0.4611.013)
QRS duration
0.386
0.986(0.9551.018)
cQT
0.659
1.005(0.9831.028)
EF
0.840
1.014(0.8901.155)
Abbreviations: CRP: creactive protein; ESR: HU\WKURF\WHVHGLPHQWDWLRQUDWHF47FRUUHFWHG47GXUDWLRQ

WR EORRG OHDG OHYHOV VR ZH KDYH QRW HQRXJK GDWD
DERXWFKURQLFOHDGH[SRVXUH
2XU VWXG\ KDV VRPH OLPLWDWLons. First, it’s a
crosssectional study, ZH IRXQG DQ DVVRFLDWLRQ EH
tween fQRS and lead exposure, so a prospective
VWXG\ LV QHHGHG WR KLJKOLJKW WKH UHODWLRQ $OO WKH
SDUWLFLSDQWV DUH PDOH ZRUNHUV DQG SDWLHQWV ZLWK
GLVHDVHVWKDWFDQFDXVHI456DUHH[FOXGHGIURPWKH
VWXG\ 6WXGLHV ZLWK ODUJHU VDPSOH VL]HV DQG PRUH
KHWHURJHQHRXV groups will KDYH PRUH FRPSUHKHQ
sive results$QRWKHUOLPLWDWLRQIRUVWXG\ is lack of
MRI confirmation of myocardial fibrosis.
In conclusion, OHDG H[SRVXUH LV D YHU\ LP
portant environmeQWDOKHDOWKSUREOHPDQGKDVVHUL
RXV UHVXOWV DV GHDWK It is not always possible to
FKHFN EORRG OHDG OHYHOV IUHTXHQWO\ (&* LV D YHU\
HDV\ FKHDS IDVW DnG KDUPOHVV PHWKRG DQG I456
FDQEHHYDOXDWHGHDVLO\IURP(&*So, LQWKHOLJKW
of our study fQRS can be XVHG WR VFUHHQ ZKLFK
SDWLHQWWREHHYDOXDWHPRUHIUHTXHQWO\IRUFKHFNLQJ
blood lead levels

LHDGH[SRVXUHFDQDOVRFDXVHILEURVLVGHJHQ
HUDWLRQDQGQHFURVLVRQKHDUWWLVVXH>28] .OLQHet al.
VKRZHG LQ WKHLU autopsy study WKDW FKLOGUHQ GLHG
IURP OHDG H[SRVXUH KDV LQWHUVWLWLDO ILEURVLV LQ WKHLU
KHDUW WLVsue.[29] fQRS is found to be a marker of
P\RFDUGLDO VFDU LQ WKH OLWHUDWXUH DQG WKH SRVVLEOH
PHFKDQLVP LV GLVUXSWLRQ RI P\RFDUGLDO HOHFWULFDO
DFWLYDWLRQ 'DV HW DO VKRZHG LQ WKHLU VWXG\ WKDW
fQRS on a standard 12OHDG (&* LV D PRGHUDWHO\
VHQVLWLYH DQG KLJKO\ VSHFLILF VLJQ IRU P\RFDUGLDO
scar LQ SDWLHQWV ZLWK NQRZQ RU VXVSHFWHG FRURQDU\
artery disease FRPSDUHG ZLWK PDJQHWLF UHVRQDQFH
imaging (MRI). [7] Best of our knoZOHGJH IRU WKH
ILUVWWLPHLQWKHOLWHUDWXUHZHIRXQGLQRXUVWXG\WKDW
I456LVDVVRFLDWHGZLWKKLJKEORRGOHDGOHYHOV:H
VSHFXODWHGWKDWI456RQVXUIDFHOHDG(&*FRXOG
EH D UHVXOW RI DOWHUHG P\RFDUGLDO HOHFWULFDO DFWLYD
tion and disrupted cardiac conduction system
caused by fibrosis in myocardium caused by lead
exposure. We also found WKDW fQRS is predictor of
KLJKEORRG lead levels after regression analysis.
%ORRGOHDGOHYHOVVKRZDFXWHH[SRVXUHWROHDG
and lead can accumulate in all body tissues. Bone
OHDG LV WKH PDMRU GHWHUPLQDQW RI FKURQLF exposure.
[30] In our study, we evaluated patients according
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[11] 0LWFKHOO, & 5DKNR, P.S., Blauwet, L.A.,
Canaday, B., Finstuen -A., Foster, M.C.,
+RUWRQ . 2JXQ\DQNLQ . 2 3DOPD 5 $
Velazquez, E.-
  *XLGHOLQHV for
3HUIRUPLQJ D &RPSUHKHQVLYH 7UDQVWKRUDFLF
(FKRFDUGLRJUDSKLF ([DPLQDWLRQ LQ $GXOWV
RecommenGDWLRQVIURPWKH$PHULFDQ6RFLHW\
RI(FKRFDUGLRJUDSK\-RXUQDORIWKH$PHULFDQ
6RFLHW\ RI (FKRFDUGLRJUDSK\  RIILFLDO SXEOL
FDWLRQRIWKH$PHULFDQ6RFLHW\RI(FKRFDUGLR
JUDSK\. 32, 164.
[12] Das, 0 . .KDQ, % -DFRE, 6 .XPDU, A.,
0DKHQWKLUDQ, -   6LJQLILFDQFH RI D
fragmented QRS complex versus a Q wave in
SDWLHQWV ZLWK FRURQDU\ DUWHU\ GLVHDVH &LUFX
lation. 113, 24952501.
[13] .Hwang, L. (2007) Environmental stressors and
YLROHQFH OHDG DQG SRO\FKORULQDWHG ELSKHQ\OV
Reviews on Environmental HHDOWK 22, 313
328.
[14] .ROOHU . %URZQ 7 6SXUJHRQ $ /HY\ /
(2004) Recent developments in lowlevel lead
exposure and intellectual impairment in
FKLOGUHQ (QYLURQPHQWDO HHDOWK Perspectives.
112, 987994.
[15] .XPDU, 6-DLQ, S., Aggarwal, &6$KXMD, *
.   (QFHSKDORSDWK\ GXH WR LQRUJDQLF
OHDG H[SRVXUH LQ DQ DGXOW -DSDQHVH -ournal of
Medicine. 26, 253254.
[16] Rastogi, S..   5HQDO HIIHFWV RI
environmental and occupational lead exposure.
InGLDQ-2FFXS(QYLURQ0HG 12, 103106.
[17] -DQLQ, Y., Couinaud, C., Stone, A., Wise, L.
  7KH OHDGLQGXFHG FROLF V\QGURPH LQ
lead intoxication. Surgery Annual. 17, 287
307.
[18] Pocock, 6 - 6KDSHU, $ * $VKE\, D.,
Delves, H.T., Clayton, B.(   7KH
UHODWLRQVKLS EHWZHHQ EORRG OHDG EORRG
SUHVVXUH VWURNH DQG KHDUW DWWDFNV LQ PLGGOH
DJHG %ULWLVK PHQ (QYLURQPHQWDO HHDOWK
Perspectives. 78, 2330.
[19] 6FKZDUW], -   /HDG EORRG SUHVVXUH DQG
cardiovascular disease in men and women.
Environmental HHDOWKPerspectives. 91, 7175.
[20] +LUVFKIHOG (   $QJLQD 3HFWRULV
Saturnina. Z. .lin. Med. 104.
[21] NavasAcien, $*XDOODU, E., Silbergeld, (.
5RWKHQEHUJ, 6 -   /HDG H[SRVXUH DQG
cardiovascular diseasea systematic review.
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[22] 6WRKV, 6 - %DJFKL, D. (1995) Oxidative
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LIFE HISTORY AND REPRODUCTIVE PHYSIOLOGY OF
CITRUS MEALYBUG, PLANOCOCCUS CITRI (RISSO)
(HEMIPTERA: PSEUDOCOCCIDAE) ON
DIFFERENT HOST PLANTS
Rehana Bibi1,2, Munir Ahmad1,*, Asim Gulzar1
1

Department of Entomology, PMAS Arid Agriculture University Rawalpindi, Pakistan
2
Department of Plant Protection Ghazi University D. G. Khan, Pakistan

herbivore insects on food plants with their life cycle
closely associated with one or a few host plants [1].
Similar to other phytophagous arthropods, range of
host plants is the basic ecological attribute of
mealybug species influencing their population
dynamics and interaction with other phytophagous
species and natural enemies [2, 3]. Nutritional
mismatch generated by feeding of organisms at
nutrient-lacking trophic levels can harshly obstruct
their capacity to fulfill demands of nutrients,
develop and reproduce. Such imbalances between
herbivorous insects and their host plants continue
even there exist considerable variation in nutrient
profile of different plants and plant tissues they
exploits [4]. Insect herbivore behavior and
adaptation to host plant are influenced by
biochemical composition of the host plants [5].
Herbivorous insects are nitrogen limited which they
compensate from their foods [6]. Acquisition of
adequate amino acids is challenging for sucking
insects because saps of xylem and phloem tissues
have their lesser quantities [7].
In contrast to chewing herbivores, sap-feeders
may be more responsive from improved soluble
nutrients and can escape raised ratio of nitrogenbased allelochemicals accumulated in other leaf
tissues [8]. High reproductive capacity of numerous
sap-sucking may benefit on nitrogen-enriched food
plants resulting potential increases in population of
slow-developing herbivores. Generally phytophagous insects show better survival, develop earlier,
results in bigger adults with good fecundity is
mostly associated with increased feeding rates and
enhanced nitrogen assimilation and growth
efficiencies [9]. Ecological stoichiometry of plant
like water content and other nutritional aspects can
impede herbivore performance by contrasts in
macronutrient food plant stoichiometry [10].
Interaction impact on growth and different
fitness parameters of an insect with its host plant is
fundamental subject in insect ecology [11]. Such
interactive role in integrated pest management to
suppress pest herbivores in different cropping
systems emphasize cropping systems for pollution
avoidance and resource conservation for more
ecologically sound pest management practices [12,

ABSTRACT
Host
plant
quality
determines
the
development, fecundity and survival of herbivorous
insects that directly impacts their survival and
developmental success. Most insect prefer a few
food plants for better development, longevity and
their reproduction. Life history studies of P. citri,
an emerging insect pest problem in Pakistan, was
conducted under controlled laboratory conditions
for four different host plants viz., citrus, guava,
grapes and ornamental China rose. Female
mealybugs required more developmental duration
(days) than male mealybugs. Citrus was the most
favored with the shortest total nymph duration for
both sexes (27.2±0.87 days for male, 30.4±0.48
days for female. However, it was the longest
(30.4±1.17 for male, 36.4±0.51 days for female) on
guava, P. guajava and grapes, V. vinifera
(30.7±1.30 days for male, 37.6±0.46 days for
female), respectively. Pre-oviposition (10.4±0.40
days), oviposition (3.15±0.21days) and postoviposition (2.25± 0.45days) durations were also
shorter on citrus, C. reticulate with maximum egg
hatching percentage (88.6% ± 3.2) insignificant
with China rose, H. rosa-chinensis (85.03%±2.78).
From biological and fecundity parameters of P.
citri, C. reticulate and H. rosa-chinensis were more
preferred hosts than P. guajava and V. vinifera.
This implies multiple suggestions for their
intercropping with biocontrol program, suitable
hosts for rearing and more careful and timely
surveillance in citrus for its effective and long term
management.

KEYWORDS:
Planococcus citri, biological preference, host plants, life
history

INTRODUCTION
Host plant suitability is reasonably
a
significant factor for development and growth of
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13]. An emerging problem of P. citri is, becoming
problem in many economically important
horticultural crop plants, focused currently to
explore its preferences and suitability on
commercially grown four different host plants. Key
determinant for life history parameters of P. citri
were evaluated for the biological and reproductive
parameters for host plant quality. Diverse host plant
species influence such life history characteristics
even for plant color typically explain chlorophyll
type influence with faster development and higher
fecundity on red variegated Coleus [14].
Citrus plant is damaged by number of insect
pests like citrus psylla, thrips, mites and mealybugs.
The latter, Planococus citri (Risso) (Hemiptera:
Pseudococcidae), generally called as citrus
mealybug is one of major insect pest of citrus
worldwide. Being polyphagous species, it threatens
many other economically important crops
particularly horticultural and ornamental plants [15,
16]. In direct damage, sucking plant sap from nonreproductive and reproductive plant structures [17]
with indirect damage by excreting excessive
honeydew responsible to develop sooty mold
subsequently impair photosynthetic potential of
plants [18]. Mealybugs can decrease 40–50% yield
and eventually destroy the whole plants if not
managed properly [17, 19].
Nutritional and biochemical attributes of diet
substrate are indicators of food consumption,
growth and survival during the nymphal stages and
fecundity parameters of adult insects [20]. We
expected to explore the various stages in the life
history of P. citri on economically important and
commercial host plants for assessment of its
population dynamics in present study.
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Plant Production and biological studies of
Planococcus citri. For each host plant, five
replicates with each contained ten individuals and
total fifty individuals per treatment. Five days old
leaves of each selected host plants were collected
from Horticulture area of the University, washed
thoroughly with tap water and air-dried. These
leaves of each host plants were placed singly in
glass petri dishes (9cm diameter) lined with moist
filter paper. Newly emerged 10 crawlers (per
replicate) of citrus mealybug were collected from
the stock petri dishes and dropped gently on leaves
of tested hosts with very fine camel hair brush.
Leaves were replaced with fresh leaves regularly at
every alternate day with leaving new leaves over
the old ones for a few hours to normal shift of the
insects by themselves. For developmental period
determination of each nymph on selected hosts, we
monitored each nymph every 24h until all nymphs
changed into next instar/died or pupated.
Percent survival was calculated by number of
insects (male and female) that successfully survived
to next instar divided by total number of insects at
the previous instar multiplied by 100 for each
selected host. Being difficult to differentiate
between male and female at 1st and 2nd instars,
development time and survival rate during these
instars for male and female were assessed
combined while for rest of the instars, calculated
individually. Male adult survival was determined
by the period between adult emergence and
mortality whereas total life of male mealybug was
observed as the period between eclosion period and
mortality. Female life span was calculated as time
period between egg hatching until its mortality as
adult female. Differences in life history parameters
of P. citri on these selected hosts were analyzed by
analysis of variance (ANOVA) through CRD
(Completely Randomized Design) using computer
software STATISTIX 8.1 package and means were
separated using Tukey’s HSD test at 5% level [18].

MATERIALS AND METHODS
Present research work was conducted at
Entomological Research Laboratory, Pir Mehr Ali
Shah, Arid Agriculture University Rawalpindi,
Pakistan to evaluate the life history responses of
citrus mealybug on leaves of four different host
plants viz., citrus, guava, grapes and China rose.
Laboratory conditions were maintained at 25±2°C,
65±5% RH and 10:14 L: D light to darkness
duration.

RESULTS
Four host plants for citrus mealybug were
compared for nutritional physiological responses to
biological and reproductive changes. P. citri female
mealybugs survived and completed its life cycle on
all selected hosts with mean egg incubation time
between 2.48-4.07 days (Table 1). It was
significantly longer (4.07±0.47 days) on V. vinifera,
moderate on H. rosa-chinensis (3.00±0.44 days)
and significantly shorter (2.48±0.30 days) on C.
reticulate. First and third instar were significantly
short duration (4.38±0.11, 19.5±0.48 days) on C.
reticulate followed by H. rosa-chinensis
(5.12±0.11, 24.3±0.40 days) but significantly
longer (5.58±0.11, 25.3±0.40 days) on V. vinifera,
respectively (Table 1). For second instar, H. rosa-

Collection and Rearing of citrus mealybug,
Planococcus citri. Citrus mealybug laboratory
culture was established from 200-300 individuals
collected from citrus plants grown in University
nursery, Rawalpindi (Pakistan). In laboratory, these
were transferred on pumpkin fruits (Cucurbita
moschata) but before experiment these mealybugs
were reared on their respective host plant leaves for
two generation to minimize the maternal host plant
effects.
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chinensis was significantly best for shorter
development period (4.55±0.22 days) than other
hosts (Table 1). For total nymphal period,
developmental time was shortest on C. reticulate
(30.4±0.48 days) followed by H. rosa-chinensis
while longest on P. guajava and V. vinifera,
respectively (Table 1). However, adult female
survived longer on V. vinifera followed by H. rosachinensis but shortest on C. reticulate (Table 1).
Development time for first two instars was
determined collectively for both sexes due to no
specific sexual differentiation. For third instar
(male), duration took longer and significant on V.
vinifera than other three insignificantly different
hosts. Pupal period was shortest on C. reticulate yet
insignificant to other hosts (Table 2). Nymphal
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period lasted shortest on H. rosa-chinensis
(24.2±1.17 days) followed by C. reticulate with
three to six days difference from other two
insignificantly different hosts response (Table 2).
Adult (males) survived for maximum of 2.4 days on
H. rosa-chinensis and with overall shortest life on it
followed by C. reticulate, about thirty days. For
other two hosts, it survived as adult for about one
and a half day (Table 2).
For reproductive physiological parameters,
pre-oviposition and oviposition periods lasted
minimum (10.39±0.40, 3.15±0.45 days) for C.
reticulate but former lasted longer (12.27±0.38
days) on H. rosa-chinensis and later on P. guajava
(4.25±0.24) (Table 3). Similarly, post-oviposition

TABLE 1
Different life history developmental stages of Planococcus citri (females) on different host plants under
controlled laboratory conditions (Mean ±SE)
Duration of developmental stages (days)
Host
Plants
Citrus
reticulate
Pisidium
guajava
Vitus
vinifera
Hibiscus
rosachinensis

Incubation
time
2.48± 0.30b

1st instar

2nd instar

3rd instar

4.38± 0.11c

6.92±0.23b

19.54± 0.42c

Total nymphal
period
30.39±0.48c

3.70±0.54ab

5.17±0.11ab

7.54±0.23a

23.34± 0.45b

36.41±0.51a

Adult life

Longevity

14.57±0.85b

48.28±1.45b

17.16±0.92a

47.0±1.57b

b

4.07± 0.47a

5.58± 0.11a

6.30±0.21b

25.30± 0.40a

37.66±0.46a

20.14±0.85a

60.14±1.45a

3.00±0.44ab

5.12± 0.11b

4.55±0.22c

24.37±0.40ab

34.02±0.45b

18.18±0.68a

43.72±1.16b

Within each column, figures ending in same letter show non-VLJQLILFDQWGLIIHUHQFHV 3

TABLE 2
Different life history developmental stages of Planococcus citri (males) on different host plants under
controlled laboratory conditions (Mean ±SE)
Host
Plants
Citrus
reticulate
Pisidium
guajava
Vitus
vinifera
Hibiscus
rosachinensis

1st instar

2nd instar

4.38±0.11c

6.92±0.23ab

Duration of developmental stages (days)
3rd instar
Pupal
Total nymphal
duration
period
15.66±0.8a 3.22±0.40a 27.22±0.87ab

5.17±0.11ab

7.54±0.23a

15.00±1.1a

3.80±0.54a

5.58±0.11a

6.30±0.21b

18.50±1.2a

5.12±0.11b

4.55±0.22c

15.00±1.1a

Adult life
2.33±0.17a

Longevity
30.4 ±1.0ab

30.40± 1.17a

1.60±0.23a

34.60 ±1.4a

5.00±0.61a

30.75± 1.30a

1.50±0.26a

35.75 ±1.5a

3.25±0.61a

24.20±1.17b

2.40±0.23a

27.25 ±1.5b

Within each column, figures ending in same letter show non-VLJQLILFDQWGLIIHUHQFHV 3

TABLE 3
Reproductive parameters (Mean ±SE) of P. citri females (in days) on different host plants under
controlled environmental conditions
Host Plants

Citrus reticulate
Pisidium
guajava
Vitus vinifera
Hibiscus rosachinensis

No. of
hatching
days
5.97± 0.28a
3.59±0.25b

Pre-oviposition
period (days)

Post-oviposition
period (days

Total eggs laid

10.39±0.40b
11.51±0.43ab

Oviposition
period
(days)
3.15±0.21b
4.25±0.24a

2.25±0.45b
3.83±0.53ab

176. 81±10.64a
198.73 ±10.64a

5.47± 0.42a
5.66 ±0.44a

11.02±0.38ab
12.27±0.38a

3.40±0.25ab
3.45±0.29ab

4.85±0.49a
4.27±0.39a

195. 40±10.89a
164.17±10.89a

Within each column, figures ending in same letter show non-VLJQLILFDQWGLIIHUHQFHV 3
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TABLE 4
Reproductive success (percent hatchability, survival and sex ratio) (Mean ±SE) of P. citri females on
different host plants under controlled environmental conditions
Host
Plants
Citrus
reticulate
Pisidium
guajava
Vitus
vinifera
Hibiscus
rosachinensis

% age
hatchability

% age
mortality
2nd instar
21

% age
mortality
3rdInstar
24

Total % age
mortality
Females
50

% age of
survivorship
Female+ Male
72%

Male/Female
ratio

88.6± 3.2a

% age
mortality
1st instar
1

76.65± 2.72b

10

7.3

38

44

60%

0.11: 0.88

78.48±2.78ab

2

26

34

50

72%

0.10: 0.89

85.03± 2.78ab

10

17

31

50

74%

0.10: 0.89

period lasted longer on V. vinifera and H. rosachinesis but was the shortest on C. reticulate (Table
3) suggesting C. reticulate to be the best host with
positive effect on its reproductive stage. Although
eggs laid when fed on H. rosa-chinensis and C.
reticulate were lesser yet they did not differ for
days to hatching (Table 3). Minimum hatching days
for P. guajava may suggest physiological
interaction of laying female to egg hatching
behavior. With reduced reproductive period (preoviposition, oviposition and post- oviposition
period), C. reticulate was most favored with higher
female biased response than other hosts (Table 3,
4). Maximum mortality was around 50% for all
tested hosts except for P. guajava with highest
mortality at third instar stage (Table 4). H. rosachinensis (74%), C. reticulate (72%) and V.
vinifera (72%) supported maximum population
with higher percent survivorship (Table 4).
Female
mealybugs
required
more
developmental time (days) than male mealybugs.
Total nymphal duration of both sexes was the
shortest on C. reticulate but the longest on P.
guajava and V. vinifera, respectively. Preoviposition, oviposition and post-oviposition
durations were also short on C. reticulate. Although
oviposition preference was for P. guajava, egg
hatching percentage was maximum on C. reticulate
and H. rosa-chinensis. Based on duration and
survival percentage, C. reticulate and H. rosachinensis were preferred hosts.

0.27: 0.75

life fecundity, life cycle and longevity parameters
[24]. Moreover, abiotic factors have also influenced
these parameters as well [25, 26].
In current study, three instars for female and
four for males of P. citri were observed (Table 1, 2)
showing early development in male mealybugs [27,
18]. Females require more time to have energy
reservoirs for new progeny production [32, 28, 27].
Early instar mealybugs were little waxy with great
mobility favoring their dispersal and host plant
identification quickly [29, 30]. Second instar lasted
for 6.30±0.21 days, female 60.14±1.45 days and
adult life of 20.14 ±0.85 days on V. vinifera showed
quite similar previous study [18]. However, some
variation existed for least time (5.58 ±0.11days) for
first instar and prolonged (25.30 ±0.40 days) for
third instar. Such differences might be because of
different cultivar of V. vinifera with variable
nutritional quality and environmental conditions
[31] as nitrogen impacts the leaves nutritive quality
[32]. For other insects like aphids, structural
physiology of aphids was better when reared on
cotton receiving 100% suggested nitrogen [33].
Prolonged time for all instars was recorded
when kept on grapevine leaves than citrus and
guava which was similar for [34] when P. citri fed
on various Vitis labrusca cultivars.It was suggested
that V. vinifera influencing the developmental
duration by extending almost 20 days for P. citri
than Planococcus ficus [35]. It has been also
mentioned that slow P. citri development by almost
65% on grapevine than citrus seedlings [36]. Total
longevity and life span of P. citri female were
insignificant when reared on citrus and coffee [37].
Total nymphal duration and fecundity period were
the shortest (34.2±1.95 days) on citrus, moderate
(47.4±1.76 days) on guava and the longest
(55.6±1.65 days) on grapes. Shorter developmental
duration of P. citri were determined on citrus
followed by guava with maximum fecundity and
longest on grapes [36]. Total development duration
of P. citri was recorded (37.66±0.64 days) on V.
vinifera, H. rosa-chinensis (34.04±0.45 days) and
P. guajava (36.41±0.51days), respectively.
Development duration of 37.4 days on yellowvariegated plants, 33.7 days on red-variegated

DISCUSSION
Nutritive ecology is the very basic
requirement in developing pest management
strategy [9]. For phloem-sucking insects, nitrogen
in phloem sap as amino acids affects plant
suitability as food source [21]. Impact of nutritional
quality of host on insect ecology and biology has
been observed previously [7, 22, 23]. These
nutritional resources significantly affect insect
demographic and life history parameters. Yet it was
felt for P. citri on selective hosts. Previously it was
found diverse response of host feeding of P. citri on
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plants, and 35.6 days on green plants matched to
our green leaf plants [38].
Nymphal duration of P. citri on yam was quite
similar to those observed (30.39±0.48 and
37.66±0.46) on C. reticulate and V. vinifera,
respectively and similar for male longevity [39].
The shortest male adult longevity (1.60±0.23;
1.50±0.26 days) on P. guajava and V. vinifera was
similar on coleus [40]. Incubation time (2.48 ±0.30
days) on citrus and pre- and post-oviposition duration
on all tested hosts were close to [40] who observed
2.96± 0.07 days on coleus at 25oC with similar egg
hatching on various ornamentals [41]. Total number
of eggs laid varied on tested hosts with maximum on
guava and minimum on grapevine which indicated
that fecundity may display positive and linear
correlation with host plant protein directly affected
by food nutrients [35] acting as stimulus for mature
eggs production [42]. Females of P. citri when fed
on V. vinifera resulted longer adult life, longevity
and nymphal stages duration but more eggs.
Shortest developmental duration, adult life,
longevity and faster growth were recorded when P.
citri females were reared on C. reticulate
suggesting it the best host. Shorter reproduction
period with maximum hatching and survival
percentage on C. reticulate confirmed enriched
phloem sap feeding during early stages that resulted
in maximum reproductive capacity and early
reproductive maturity [43]. Differences in
biological parameters of P. citri when reared on
four selected hosts might be due to differences in
the physical and chemical qualities of different host
plants need to be addressed further and analyze
variations in defensive metabolites synthesis among
plants of different nutrient qualities. Mean female
nymphal duration of P. citri of 34.02±0.45days
with 74% survival was recorded when fed on H.
rosa-chinensis which is quite similar to
Maconellicoccus hirsutum which completed its
development in 29 days with 72% survival rate on
same host plant [44].
It has been reported that life history
parameters of P. citri were affected by leaf nitrogen
concentration [25]. High concentration of leaf
nitrogen showed higher fecundity rate, larger in size
and the shortest developmental duration. However,
few scientists [ 45] argued that not only increased
level of mobile nutrients made host plants more
susceptible to phytophagous insects, nutrient
deficiency (potassium or zinc), presence of
secondary metabolites or feeding deterrents and
environmental conditions affecting host plant health
should also be included for host plants suitability.
Alteration in chemical contents of host plants
resulted in depletion of biochemical and
biophysical components of the host plants infested
by mealybugs. Water loss, reduction in chlorophyll
and decrease of carotenoids in papaya leaves was
observed due to Paracoccus marginatus, Papaya
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mealybug injury [5]. Mealybugs preferred varieties
having low ash content in brinjal and maximum
chlorophyll content [46]. It was determined that low
contents of total leaf proteins were associated with
decrease in injury by insects [47].

CONCLUSION
Host plant species of P. citri showed
significant impact on its development and
reproduction success affecting its growth
parameters. P. citri multiplied more rapidly and
damaged C. reticulate faster than H. rosa-chinensis
and other tested host plants. Hibiscus can also serve
as alternate host or intercropped or planted at field
boundaries to attract and manage mealybugs with
different control practices including biological and
chemical methods and minimize pesticide hazards
to major crop.
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ABSTRACT

INTRODUCTION

The increase in population and urbanization
causes numerous environmental problems. Among
these problems, solid waste is an issue in itself. As a
result of the inadequate management of solid waste,
many problems can emerge, such as air, water, and
soil pollution, environmental and human health deterioration, spread of infectious diseases, and unpleasant aesthetics and odor. The phenomenon of
solid waste management involves the processes from
collecting waste from its source to its disposal. The
disposal process is the final step of this management,
and many technologies are used worldwide for the
disposal process. Although there is more than one
method, the last step is the landfill method. The selection of a landfill site is a complex process in
which various parameters are considered. The Black
Sea Region is among the regions with very few solid
waste landfill facilities in Turkey. Artvin, one of the
provinces in this region, does not contain solid waste
landfill facilities in any central and other district municipalities. The purpose of this study is to select a
location for the solid waste landfill facility that will
serve the districts of Arhavi, Hopa, DQG.HPDOSDúD
which are located on the Black Sea coast of Artvin
province. The parameters considered in this study
are slope, land use, geology, landslide susceptibility,
distance from faults, distance from protected areas,
distance from surface water sources, distance from
roads, and distance from residential areas. Parameters are normalized using fuzzy membership functions in the ArcGIS 10.5 software. Moreover, suitable locations for solid waste landfill are determined
using the fuzzy overlay function. As a result of the
assessments, 99.18% of the study area was found to
be unsuitable for landfill site, 0.33% was slightly
suitable, 0.38% was moderately suitable, and only
0.11% was highly suitable.

With the increase in the global population, migration to urban centers has been triggered with increased consumption trends and uncontrolled use of
natural resources [1]. Human activities always cause
environmental problems, and these problems are
gradually increasing with population growth [2]. An
environmental problem induced by human activities
is solid waste. Solid waste can be described as useless and unwanted waste generated as a consequence
of human activities. This waste produced by communities generally does not have any economic value
for the first users [3]. Rapid urbanization and industrialization increase the production of urban waste
each day around the world. Based on the projections
in the literature, it can be considered that urban solid
waste will rise to 2.2 billion tons in 2025 [4]. The
annual increase in solid waste production is inextricably associated with global population growth and
urbanization rate. As the urbanization of a country
increases, standards of living and income increase,
leading to higher consumption of goods and services,
thus increasing the amount of solid waste per capita.
In high-income countries, waste production
rates have been more or less stable over the past decade because the total population predominantly comprises the urban population. Although high-income
countries produce more solid waste, they perform
more recycling and use new technologies to process
their waste. This ultimately reduces the amount of
waste. Developing countries often do not have sufficient technology or financial capacity, which leads
to limited resources for the safe disposal of waste [5].
Owing to inadequate management of urban waste in
recent years, negative environmental impacts have
occurred [6]. As a result of the failure of appropriate
solid waste management, problems such as soil, air,
water, and visual pollution occur.
Approximately 71% of solid waste generated
worldwide is disposed at landfill sites [7]. The management of urban solid waste has become quite complicated owing to the quantity and composition of
waste produced, rapid expansion of urban areas, economic problems, rapid technological progress, and
limited sources of energy and raw materials [8], and
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this responsibility completely lies with the local authorities [3]. This is a problem in itself, particularly
for the local governments of developing countries.
Moreover, the lack of organization and complexity
of processing constitute another challenge of waste
management [7]. For example, waste quantity and
components are affected by socio–economic conditions in developing countries, such as Turkey [9],
which renders waste management very difficult.
It is almost impossible to eliminate all solid
waste. Solid waste must be disposed using environmentally friendly methods. The selection of solid
waste disposal method is a complex issue because it
requires the consideration of financial, environmental, and political factors for the local governments
[10]. Landfill, a method of solid waste disposal, is
among the most common methods and is used in
many countries [11]. The landfill method involves
the controlled disposal of solid waste on land, which
reduces the negative impact on the environment [12].
The selection of the location of these sites requires a
complex and interdisciplinary approach, including
ecological, social, technical, economic, and environmental factors [10]. If the appropriate site is not selected and the landfill facility is not built properly,
this can become a source of serious pollution for water resources, soil, and atmosphere, and a health
threat to humans and other living organisms [11].
According to the Ministry of Environment and
Urbanization (MEU) data, there are 87 solid waste
disposal facilities in Turkey serving 1134 municipalities (54.7 million inhabitants) as of 2017. Moreover,
according to 2017 data, the proportion of the population served with landfill facilities to the total municipal population is 74%. By the end of 2023, all
existing infrastructure facilities in Turkey are aimed
to improve and the population rate served by the
waste disposal service must reach 100% [13]. Black
Sea Region, along with the Eastern and Southeastern
Anatolia regions, is among the regions with the least
number of solid waste landfill facilities in Turkey.
There are no solid waste landfill facilities in any central and district municipalities of Artvin province located in the Eastern Black Sea Region. The domestic
solid waste generated in Artvin province is stored in
municipal dumps, and medical wastes are collected
and sent to the Medical Waste Disposal facility in
Trabzon [14]. $UKDYL+RSDDQG.HPDOSDúD'LVWULFW
Municipalities, which are on the Black Sea coast of
Artvin province, do not have solid waste landfill facilities, municipal waste is irregularly stored in an
area near the Black Sea coastal road on the Arhavi–
Hopa border. The current irregular storage site is unsuitable because i) the site has insufficient capacity,
ii) it is not environmentally sustainable, iii) the region receives excessive precipitation and there is a
possibility of waste seeping to the highway during
extreme rainfall, and iv) it is unsuitable in terms of
road safety. The purpose of this study is to select a
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site for solid waste landfill facility that will serve Arhavi, Hopa, DQG.HPDOSDúDdistricts to contribute to
the objectives of the MEU for 2023. The parameters
used in this study are slope, land use, geology, landslide sensitivity, distance from faults, distance from
protected areas, distance from surface water sources,
distance from roads, and distance from residential areas. Parameters were standardized using fuzzy membership functions in ArcGIS 10.5 software, and appropriate locations were determined for solid waste
landfill using the fuzzy overlay function.

MATERIALS AND METHODS
Introduction of the study area. This study
was conducted in a total area of 621 km2, covering
Arhavi, Hopa, DQG .HPDOSDúD districts of Artvin
province. The study area is located between 41° 05ƍ
4.99Ǝ–41° 31ƍ 12.93Ǝ north latitudes and 41° 14ƍ
39.29Ǝ–41° 37ƍ 14.98Ǝ east longitudes (Figure 1).
The altitude in the study area ranges from 0 to 3370
m and the slope ranges from 0° to 76.95°. The average altitude is 1098.18 m, and the average slope is
28.38°. The slope is 0°–5° for 2.8% of the study area,
5°–10° for 2.35%, 10°–20° for 15.26%, and over 20°
for 79.58%. According to forest management plan
data, 75.39% of the study area is covered with forest
and 12.95% with farmland. In agricultural production, tea and nuts are particularly dominant. Tea and
hazelnut cultivation is conducted at approximately
62% of agricultural land in the study area.
According to the Turkish Statistical Institute’s
(TSI) 2019 population data, Arhavi’s population is
20,926, Hopa’s population is 26,958 and KemalSDúD¶VSRSXODWLRQLV>@7KHWRWDOpopulation
of the study area is 57,108.
According to data from the General Directorate
of Meteorology (2009–2020), the total amount of average monthly rainfall in the study area is 2215.16
mm. The minimum average monthly rainfall is 94.25
mm in May and the maximum average monthly rainfall is 345.2 mm in September. Further, according to
the General Directorate of Meteorology (2000–
2020), the maximum average monthly temperature
in the study area is 27.71°C in August and the minimum average monthly temperature is 3.63°C in January.
Municipal solid waste produced in the study
area is disposed using the uncontrolled landfill
method. The area at the side of the Black Sea highway, which is shown in Figure 1, is used as the disposal site. This site is not an environmentally sustainable area; it also threatens the road safety. Therefore, a solid waste landfill site should be immediately selected for the region. The site to be selected
is planned to last at least 25 years. For this purpose,
the population and amount of waste generated after
25 years were calculated using the arithmetic
increase method and geometric increase method.
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Population data for 25 years were obtained from the
study area by averaging the population estimation
calculations obtained using both methods (Table 1).
According to the “Average Municipal Waste
Amount per Person” data of Turkish Statistical Institute, the average amount of waste produced per person was found to be 1.2 kg/person [16]. Considering
these data, the amount of waste generated per year is
given in Table 1.
According to Table 1, 753,045,516 kg
(753,045.516 tons) of total waste will be generated
at the end of the 25th year. Considering that 40% of
this waste will be destroyed owing to degradation
and other factors, a total of 451,827,309.6 kg of
waste will be produced at the end of 25 years. The
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literature states that the densities of solid waste will
be 700–1000 kg/m3 after compression in landfill
sites [17]. If an average value of 850 kg/m3 is considered, the annual waste amount generated will be
approximately 531,561.54 m3 in 2045. Landfill sites
are large structures, whose height ranges from 10 to
150 m [18]. Thus, when the height of the waste to be
stored is selected as 30 m, a landfill area of 17,718.72
m2 is required. However, considering facilities such
as administrative building, car park, on-site roads,
landfill for daily cover and final top cover, and leak
water collection pool, an area of approximately
25,000 m2 will be required for the solid waste landfill
site.

FIGURE 1
Map of the study area

Year
2019
2025
2030
2035
2040
2045

TABLE 1
Population and waste projection for 25 years for the study area
Population
Waste amount (kg/day)
Waste amount (kg/year)
57,108
68,530
25,013,304
61,544
73,852
26,956,053
64,473
77,367
28,238,955
67,539
81,046
29,581,863
70,756
84,907
30,991,128
74,140
88,967
32,473,101
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sites, because they are necessary to prevent the mixing of leakage water generated in landfill sites with
groundwater. A 1:100,000 scale digital geology map
obtained from the General Directorate of Mineral
Research and Exploration (GDMRE) was used in the
study. According to the geology map, there are 24
different lithological units in the study area (Figure
2a). The lithological units on the geology map are
reclassified by assigning them weight scores between 0 and 1 based on their permeability in accordance with the views of geological engineers working
in public institutions (Table 2).

Selection of suitable factors for landfill site
and data collection. The enforced article 15 of
“Regulation Concerning Landfill of Wastes” in Turkey states that parameters, such as topographic, geological and hydrological structure, land cover, flooding, landslide and earthquake risk, prevailing wind
direction, underground and surface water resources,
protected areas, natural or cultural heritage status,
distance from settlements, and air transport safety,
should be considered in the selection of landfill sites.
It is also noted that pipelines used for transporting
fuel, gas, and drinking water and high voltage lines
should not be present at the site. Air transport safety
was ignored as there is no airport in or near the study
area. Similarly, because data regarding drinking water pipelines and energy transmission lines as well as
groundwater level of the study area could not be
achieved, these factors were ignored in the study. A
total of 9 factors were used in the site selection, including geology, land use, landslide susceptibility,
distance from faults, distance from residential areas,
slope, distance from protected areas, distance from
roads, and distance from surface water sources,
whose spatial data could be accessed.
Rezaeisabzevar et al. [19] stated that the factors
used in the selection of sites can be a constraint or
criterion. According to Rezaeisabzevar et al. [19], a
constraint limits the alternatives and reclassifies the
appropriate locations for solid waste landfill as “1”
and unsuitable ones as “0.” Therefore, constraints
are shown in the form of Boolean maps. Moreover,
according to Rezaeisabzevar et al. [19], a criterion
allocates a value to the factor. This value is determined via fuzzification. Fuzzification is a process
that characterizes the uncertainty of classes when reclassifying factors that do not have strictly defined
boundaries. Fuzzification reclassifies the original
values owned by the factor using the predetermined
fuzzy membership functions. Fuzzy membership
functions assign membership values ranging from 0
to 1 to help users determine the likelihood that a site
is appropriate or inappropriate. The value 0 refers to
unsuitable (non-membership) locations, and 1 refers
to suitable (membership) locations. Pasalari et al.
[20] stated that linear or sigmoidal functions are sufficient for solid waste landfill sites. In this study, factors were standardized using the fuzzy membership
functions (such as fuzzy Gaussian, fuzzy large, fuzzy
linear, and fuzzy small) included in the ArcGIS 10.5
software. The resolution/scale of the spatial data of
the factors used in the study, from which institutions
they are obtained and how they are standardized, are
explained below.

Landslide susceptibility: Mass movements
such as landslides, particularly in mountainous areas
where slopes are high, can damage the landfill sites
and spread pollution. Therefore, active landslide or
landslide-sensitive areas are unsuitable for landfill
sites [22, 23]. Artvin is one of the cities in Turkey
where landslides occur most frequently. There are
many active landslides mapped by GDMRE and
Artvin Provincial Disaster and Emergency Directorate. Therefore, the landslide susceptibility was
considered in this study, and 1:25,000 scale landslide
susceptibility map provided by the Artvin Çoruh
University Natural Disasters Application and Research Center was used. The study area on this map
is divided into 5 classes of “very low, low, medium,
high, and very high” of landslide susceptibility. Areas with high or very high landslide susceptibility are
unsuitable for landfill. Therefore, these classes are
assigned a value of “0.” The landslide susceptibility
map is standardized by assigning “1” to areas with
very low and low landslide susceptibility and “0.5”
to areas with moderate susceptibility (Figure 2b).
Distance from faults: Landfill sites should not
be established in areas sensitive to earthquakes,
floods, and landslides. In particular, faults are a limiting geological factor in the construction of landfill
sites because ground movements, such as earthquakes, can cause damage to landfill sites and spread
pollution [19, 20, 24]. Santhosh and Sivakumar Babu
[25] stressed that during earthquakes, proximity to
faults will cause collapse of waste heaps and disruption of the integrity of the landfill site. They also
stated that a minimum distance of 500 m from the
faults should be sought. The faults used in the study
were obtained from the 1:100,000 scale digital geology map obtained from the GDMRE. The fault buffers were calculated using the Euclidean distance
function of the ArcGIS 10.5 software. The maximum
distance from faults in the study area was calculated
to be 13,102.30 m. In this study, it has been assumed
that places closer than 500 m to faults are unsuitable
for landfill sites (Figure 2c). The increasing fuzzy
linear membership function of ArcGIS 10.5 was
used to standardize the distance from fault lines (Table 3).

Geology: Geologically solid and impermeable
terrain is preferred when selecting a solid waste landfill site. Terrain prone to earthquakes, volcanic activity, landslides, erosion, and collapse should be
avoided [21]. Moreover, areas with low geological
permeability are considered suitable for landfill
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Unit
Kk1
Kk1a
Kk1gd
Kk1kd
Tekba
Tk2
Tkd
Jh
Kç
Kçbh
Kk
Kkdt
Kça
KTc
Tek
Tet
KTct3
kçt
KTct2
Kçat1
KTck
Tee
Tpeb
Qal
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TABLE 2
Scoring values for lithological units in the study area
Description
Kaçkar granitoid-I: Granite, granodiorite, quartz diorite, diorite, adamellite, gabbro,
diabase
Adamellite
Granodiorite
Quartz diorite, diorite
Basalt, andesite
Kaçkar granitoid-II: Granite, granodiorite, quartz diorite, diorite
Diorite-quartz diorite-granodiorite-gabbro
Hamurkesen formation: Basaltic, andesitic, dacitic lava and pyroclastic, sandstone,
marl
Çatak formation: Basalt, andesitic lava, and pyroclastics
Hematite dacite
.Õ]ÕOND\Dformation: Dacite, rhyodacitic lava, and pyroclastics
Dasitic lava-tuff
dD÷OD\DQformation: basaltic, andesitic lava and pyroclastics, mudstone, sandstone
Cankurtaran formation: Sandy limestone, micritic limestone, tuff, marl, volcanic sandstone
Kabaköy formation: Andesite, basaltic lava and pyroclastics, sandy limestone, sandstone, marl, tuff
7DúSÕQDUformation: Andesitic and dacitic volcanics, volcano-clastic turbiditic rocks
Tuff, marl, limestone, volcanic sandstone, agglomerate
Red colored limestones
Tuff, marl, agglomerate (fine grained)
Clayey tuff, tuffaceous sandstone, sandy limestone and breccia
Limestone (gray–red colored)
Erenler formation: Mudstone, claystone, sandstone alternation
%DNÕUN|\IRUPDWLRQVLOWVWRQHFOD\VWRQHVDQGVWRQHFOD\H\OLPHVWRQHPDUO
Alluvium

Score
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.89
0.89
0.89
0.89
0.89
0.78
0.78
0.78
0.78
0.67
0.56
0.56
0.44
0.44
0.44
0.44
0.00

TABLE 3
Scoring values for factors used in the study
The Factors
Membership function
Control points
Geology/lithology
User defined
Distance from faults
Fuzzy linear (increasing)
a = 500 m, b = 1000 m
Landslide sensitivity
User defined
Slope
Fuzzy linear (decreasing)
a = 2°, b = 25°
<1000 m, unsuitable (0)
Distance from protected sites
Constraint
>1000 m, suitable (1)
Distance from roads
Fuzzy linear (decreasing)
a = 200 m, b = 1000 m
Distance from settlements
Fuzzy linear (increasing)
a = 250 m, b = 1000 m
Distance from surface water
Fuzzy linear (increasing)
a = 500 m, b = 2000 m
Land use
User defined
Distance from settlements: The choice of location of landfill sites is a major social issue, because
people do not want such sites near their settlements
owing to reasons such as possible reductions in property values [26] because of odor, dust and noise
emissions, fire hazards, water pollution, vermin reproduction, and traffic [27, 28]. According to the enforced regulations in Turkey, the facilities required

for the landfill of municipal waste must be at least
250 m away from settlements [29]. There are 3 municipalities and 58 village settlements in the study
area (Figure 3a). The Euclidean distance function
was used to calculate the distance from residential
areas. The maximum distance from the settlements
was calculated to be 11,216.20 m.
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FIGURE 2
a) Geology map; b) landslide susceptibility map; and c) distance from faults
Considering the provisions of the regulation,
areas less than 250 m from the residential areas were
considered unsuitable for landfill sites in this study.
Further, the distance from settlement areas was
standardized using the increasing fuzzy linear membership function in ArcGIS 10.5 (Table 3).

areas with ecological and historical value [30]. However, in numerous studies in the literature, this distance was considered to be 1000 m [20, 27, 31]. The
Çamburnu nature conservation area is within the
boundaries of the study area. This area is one of the
rare places in Turkey where the yellow pine (Pinus
sylvestris L.) descends to the seashore. It is also the
first place where migratory birds from the north
reach the Eastern Black Sea mountains. The Çamburnu nature conservation area is deemed as a source
of tourism, education, and research. Using the Euclidean distance function, buffer zones are created
based on the nature conservation area boundary. The
maximum distance from the nature conservation area
was calculated as 30,413.91 m (Figure 3b). In the
study, this factor was considered as a constraint; areas closer than 1000 m to the nature conservation
area were considered unsuitable (0) and areas farther
than 1000 m were considered suitable (1) (Table 3).

Distance from protected sites: Solid waste
landfill sites can cause degradation and pollution in
sensitive ecosystems, such as national parks, nature
conservation areas, and wildlife conservation sites.
Therefore, it is desirable to establish landfill facilities at a certain distance from the protected areas.
According to the “Design and Location Selection of
Landfill Sites, and Rehabilitation of Uncontrolled
Landfill Sites” report prepared by the Association of
Turkish Municipalities (ATM) Waste Commission,
landfill sites must be at least 150 m from protected

FIGURE 3
a) distance from settlements; b) distance from protected sites; and c) distance from roads
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Distance from roads: Another factor that must
be considered in the selection process of landfill sites
is the distance of landfill sites from roads and the
ease of access to these areas. Landfill should not be
far from existing road networks to facilitate access
and transport of waste to landfill sites. Although it is
desirable for solid waste landfill sites to be close to
roads considering the transportation costs, Pasalari et
al. [20] noted that landfill sites very close to the roads
create an aesthetically unpleasant view. Similarly,
Rezaeisabzevar et al. [19] stated that the landfill site
should be far away from the roads to ensure no negative aesthetic effects on the road. In this study, solid
waste landfill sites closer than 200 m to the roads
were considered unsuitable areas to avoid creating
an aesthetically negative view and areas between
200 and 1000 m were considered suitable. The roads
in the study area are provided in digital format from
%DúDUVRIW ,QIRUPDWLRQ 7HFKQRORJLHV FRPSDQ\
which produces navigation maps in Turkey. Road
buffers were created using the Euclidean distance
function in ArcGIS 10.5 (Figure 3c). Subsequently,
distances to roads were standardized using the decreasing fuzzy linear membership function (Table
3).
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affects the excavation costs in the construction stage
as well as for building access roads, collecting and
removing surface and leakage water from the waste
site, and erosion potential [19, 20, 31, 32, 38]. It is
clear that there is no consensus in the literature on
the slope factor, similar to many other parameters
considered in the selection of landfill site locations.
According to Rahmat et al. [28], areas with a high
slope are technically unsuitable for the construction
of landfill sites. Ghobadi et al. [21] stated that sloped
lands will induce high excavation costs and areas
with a slope of 0°–10° are suitable for landfill sites.
Khanlari et al. [39] reported that areas with a slope
of more than 15° should be avoided for landfill site.
*OHUDQG<RPUDOÕR÷OX[34] stated that areas with a
slope of more than 25° are unsuitable for solid waste
landfill. The digital elevation model (DEM) of the
study area was produced using the contour lines on
1:25,000 scale topographic maps. The produced
DEM was converted to raster format with a spatial
resolution of 10 m × 10 m. The slope map of the
study area was prepared from the raster DEM (Figure 4b). The slope in the study area ranges from 0°
to 76.95°. In this study, the slope between 2° and 25°
is considered suitable for landfill site location selection; the slope factor was standardized using the decreasing fuzzy linear membership function in
ArcGIS 10.5 (Table 3).

Distance from surface water sources: Landfill sites constitute a potential threat to surface water
sources (such as lakes, rivers, streams, and creeks)
owing to the movement of leakage water and erosion
waste [32]. Therefore, landfill sites should be established as far away from surface water sources as possible. According to the EU directive [33], landfill
sites should not be placed near surface water bodies.
However, it seems that there is no consensus in the
literature about the distance from surface water
sources. For example, Rahmat et al. [28] and
Kamdar et al. [23] stated that the distance between
the landfill site and surface water source should be
more than 300 m to prevent pollution. Güler and
<RPUDOÕR÷OX [34], Jamshidi-Zanjani and Rezaei
[35], Demesouka et al. [36], Eghtesadifard et al.
[37], and Rezaeisabzevar et al. [19] stated that this
distance should be more than 500 m, and Karimi et
al. [32] reported that it should be more than 750 m.
Further, Rahimi et al. [31] and Pasalari et al. [20]
stated that this distance should be more than 1000 m.
In this study, areas closer than 500 m from the surface water sources are considered unsuitable for
landfill sites. Spatial data of surface water sources,
including rivers, in the study area were obtained
from the EU-Hydro–River Network Database provided by the European Programme Copernicus Land
Monitoring Service. Buffers were created using the
Euclidean distance function in ArcGIS 10.5 (Figure
4a); distances from surface water sources were
standardized using the increasing fuzzy linear membership function (Table 3).
Slope: Slope is an important factor in the selection of landfill site location, particularly because it

Land use: Land use refers to how or for what
purpose people use the land. Land use is important
for resolving public conflicts and disputes over the
non-acceptance of landfill sites. Depending on the
characteristics of the study area, there can be numerous different categories, such as recreation, conservation, agriculture, and residence. Land uses, such as
residential area, natural reserves, wetlands, tourism
and industrial zones, free trade zones, airports, ports,
agricultural areas, urban development zones, and
wastewater treatment areas, are considered unsuitable for solid waste landfill sites [26, 40]. According
to the legislation in Turkey, absolute agriculture, forest, and pasture lands cannot be used except for the
purposes specified in the land use plans. Therefore,
landfill sites cannot be built on these lands. However, the land in Turkey is divided into eight classes
based on their agricultural land use capabilities.
Lands in the first four classes are suitable areas for
tilled agriculture, while the land classes of VII and
VIII are the least unfavorable lands for agriculture
[41]. The land classes of V and VI are suitable for
grazing purposes (as meadows and pastures) if not
for machine farming. Therefore, Class VII and particularly Class VIII lands can be used for solid waste
landfill sites. Rezaeisabzevar et al. [19] also noted
that barren and low-value lands are the most suitable
locations for landfill sites. The land cover used in the
study was extracted from 1:25,000 scale forest management maps obtained from the Artvin Forest Regional Directorate. According to the management
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map, there are 8 land use classes in the form of
residence, pasture, forest, agriculture, non-forest
woodland, surface water, rock/stone, and
sand/quarry (Figure 4d). Of the existing land use
classes, rock/stone areas as well as VII and VIII class
farmlands are considered suitable for solid waste
landfill sites; hence, they were assigned a value of
“1” and other land classes were considered unsuitable for landfill sites and were reclassified by assigning a value of “0.”
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suitability analysis methods, fuzzy logic has a standard workflow that enables all necessary steps to be
followed. This standard workflow includes the steps
of defining the problem and site selection criteria,
collecting spatial data of layers of criteria, assigning
fuzzy membership values, implementing fuzzy overlay, verification and executing results [43].
After assigning the fuzzy membership values
based on the criteria, reclassified layers are generated with a value ranging from 0 to 1. The next step
in the implementation of fuzzy logic is the overlapping of these layers. Although this step is generally
similar to the weighted overlay, it differs in terms of
the use of different fuzzy operators (such as fuzzy
AND, fuzzy OR, fuzzy PRODUCT, fuzzy SUM, and
fuzzy GAMMA) in the overlay process. Raines et al.
[44] stated that overlays using fuzzy logic provide
more flexible weighting and combination of evidence than traditional weighted overlay. The fuzzy
AND operator is used to determine the best locations
that meet all criteria. In this study, the fuzzy AND
operator was used to combine fuzzy membership
values, similar to the study conducted by Khorram et
al. [45], and a suitability index map was generated
for solid waste landfill site.

Site selection using fuzzy overlay analysis.
Site suitability analysis, or generally, site selection,
is a type of GIS analysis performed to determine the
optimal location for use for a particular purpose. In
suitability analysis applications, users set various application-specific criteria to identify the most suitable or ideal sites, collect spatial data to create layers
of criteria, reclassify layers to obtain subclasses of
criteria and score subclasses, assign relative significance values (or weights) to each criterion using various methods, and determine the appropriate locations using an overlay function (such as weighted
overlay). The product obtained at the end of these
steps is a suitability index map (generally a raster
map) with a certain range of values. The pixels with
the highest value on this map demonstrate the most
suitable places, while the pixels with the lowest
value demonstrate the least suitable places. In widely
used methods in suitability analysis, such as
weighted overlay, the factor with the highest weight
or significance has a greater impact on the result
map. For this reason, the highest weight criterion on
the result suitability index map is defined as the best
places for the subclasses with the highest score or
weight [42]. Different weighting of the same criteria
(and subclasses) in the same study field can yield different and inconsistent results.
One of the widely used approaches in site selection applications is fuzzy logic. Similar to other

RESULTS AND DISCUSSION
On the generated suitability map, the index values range from 0 to 0.992 as a result of the fuzzy
overlay operation. The produced map is divided into
4 classes (Figure 5) of unsuitable, slightly suitable,
moderately suitable, and highly suitable using the
natural break classification algorithm. Considering
the spatial distributions of classes, it was determined
that 99.18% of the study area is unsuitable for landfill, 0.33% is slightly suitable, 0.38% is moderately

FIGURE 4
a) distance from surface water sources; b) slope map; and c) land use map
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FIGURE 5
Suitable sites for landfill
suitable, and 0.11% is highly suitable. There are two
main reasons why suitable places for solid waste
landfill sites are very few in the study area. First and
the main reason is that 75.39% of the area is covered
with terrains with forest characteristics. The second
reason is that the study area has a rather rough topography. In approximately 80% of the study area, the
slope is above 20°. In the study, it was considered
that lands with a slope of more than 25° are unsuitable for solid waste landfill sites. The locations where
the slope is above 25° account for 65.5% of the study
area. In the study conducted by Karimi et al. [32] in
Iran (Javanrood County), 87% of the study area was

found to be unsuitable for solid waste landfill site.
Similar to the findings in this study, Karimi et al.
[32] attributed the low availability of suitable landfill
sites to the fact that the study area with a mountainous terrain is covered with dense forest and that the
slope is high.
Considering the desired area criterion for solid
waste landfill (25,000 m2), three potential areas (A1,
A2, and A3) were identified from highly suitable areas (Figure 5). Areas denoted as A1 and A2 are approximately 37 km from Arhavi district center, 49
km from Hopa district center, and 63 km from
.HPDOSDúDGLVWULFWFHQWHU7KHse areas were deemed
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unsuitable because of transportation costs and the
need for a considerable improvement in road infrastructure. The A3 area is 33 km from Arhavi, 21.5
NPIURP+RSDDQGNPIURP.HPDOSDúDGLVWULFW
center. A suitable solid waste landfill site for the disWULFWVRI+RSDDQG.HPDOSDúDWKLVORFDWLRQQHFHVVL
tated the selection of another alternative area owing
to its distance from the Arhavi district center. Thus,
areas larger than 25.000 m2 were identified as areas
moderately suitable for solid waste landfill sites.
Four areas that met this condition were found, and
these areas were marked B1, B2, B3, and B4 in Figure 5. Considering both area size and transportation
distance from the three district centers, area B2 was
found to be in a convenient location for the solid
waste landfill site. The location B2 with a surface
area of 42,500 m2 is 10.3 km from Hopa district center, 12.7 km from Arhavi district center, and 24.6 km
IURP.HPDOSDúDGLVWULFWFHQWHU
Detailed geological, geotechnical, and economic analyses on the designated alternative areas
(A3 and B2) are required to reach the final decision.
Yesilnacar et al. [46] and Barakat et al. [47] recommended further evaluation of selected alternative areas based on other local criteria and field studies before making a final decision on the site selection.
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facts that 75% of the study area is covered with forest
and the slope is above 20° in approximately 80% of
the study area mainly influenced these results. However, considering the required amount of space,
transportation costs, and accessibility from all three
districts in the shortest time possible, it was decided
that one of the areas in the moderately suitable zone
can be suitable for establishing a solid waste landfill
site.
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law of oil-water two-phase flow in horizontal wells
[18-22].
With the advancement of computer technology,
more and more simulations have been applied to current scientific research [16-19]. Many scholars have
used simulation to simulate the flow of fluid in the
wellbore, so as to better grasp the law of fluid flow
and better guide oil production [7-12]. Existing researches mainly focus on the physical and mathematical models, flow characteristics, separation
models, fluid velocity, etc. of oil-water two-phase
flow seepage problems in horizontal wells in different types of reservoirs [17-23]. By comparing with
physical experiments, the reliability of these studies
has been verified.
In this study, in order to study the flow characteristics of oil-water two-phase flow in horizontal
and near-horizontal wells, we conducted oil-water
two-phase flow experiments and numerical simulation studies.

ABSTRACT
With the development of computer science,
fluid simulation technology is used more and more
in the research of the petroleum industry. In this
study, the simulation software was used to simulate
the oil-water two-phase flow. Based on the fluid simulation software ANSYS, we have simulated twophase flow in horizontal wells and a small amount of
two-phase flow in near-horizontal wells under the
same experimental conditions. The geometric model
and meshing tool established is ICEM CFD, and the
tool used for mathematical calculation is FLUENT.
Finally, the phase distribution of oil and water and
the velocity distribution in the wellbore are obtained.
In addition, we also compared the experimental results of the oil-water two-phase flow with good stratification and the simulation results, and discussed the
consistency of the experimental results and the simulation results under different conditions. According
to the comparison result, the experimental effect and
simulation effect under small flow are consistent.
Therefore, numerical simulation methods can be
used when studying oil-water two-phase flow in horizontal wells with small flow rates.

MATERIALS AND METHODS
In order to better study the flow characteristics
of oil-water two-phase flow in horizontal wells when
changing the total flow rate, water content and well
inclination angle, the FLUENT fluid simulation software was used to carry out a numerical simulation
study on the oil-water two-phase flow under corresponding conditions. The ANSYS software used in
the simulation process is a comprehensive software
integrated by FLUENT, including ICEM CFD,
Meshing and FLUENT for establishing the basic
wellbore model and meshing. The meshing tool used
in this article is ICEM CFD.

KEYWORDS:
Horizontal well, Oil-water two-phase flow, Experiment,
Flow pattern, Numerical simulation

INTRODUCTION
At present, most of the research on the oil-water two-phase flow in horizontal wells is the study of
convection patterns and flow patterns [1-4]. Initially,
people observed the three basic flow patterns obtained by the experiment of mineral oil-water twophase flow with the naked eye: dispersed flow, stratified flow and mixed flow [5-9]. Subsequently, two
flow patterns of intermittent flow and annular flow
were discovered through experiments [10-13]. In the
1990s, the study of two-phase flow in horizontal
wells made great progress [14-17]. People began to
gradually strengthen the research on the movement

ICEM CFD software. With the large number
of applications of fluid simulation in various industries and rapid development of fluid simulation software, ICEM CFD software is becoming more and
more powerful. It can import basic graphics drawn
in advance by external software such as CAD, or create a new project by itself to establish a geometric
model. In addition to establishing basic geometric
models, ICEM CFD can also perform meshing, mesh
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quality inspection and modification, boundary condition setting, and solver selection for geometric
models.
The grid types of ICEM CFD can be divided
into four types: tetrahedral grid, hexahedral grid, triangular prism grid and O-Grid grid. These four types
of grids have their own characteristics, and their
characteristics are shown in Table 1, which can be
selected according to actual needs.
The type of mesh used in this simulation is a
hexahedral mesh. When meshing, the surface mesh
and the internal volume mesh are divided separately.
Surface mesh and volume mesh are divided into
ALL Quad and Tetra mesh types respectively. The
meshes divided by these two types are four-deformation and tetrahedral meshes. Since the model of
the wellbore is relatively simple, it can be divided
into tetrahedral meshes [13, 24]. After the mesh is
generated, check the mesh to see if the mesh quality
is qualified. If the mesh quality is poor, you can use
the “Repair Mesh” function to repair the mesh to improve the mesh quality. The model after meshing is
shown in Figure 1.
After all the above procedures are completed,
FLUENT can be imported for operation.

single precision and double precision. Finally, determine the calculation method and set the storage path.
After importing the pre-meshed model into FLUENT, it is necessary to set the solver and operating
conditions, physical model, material properties,
boundary conditions, solver control parameters, initialization and other conditions.
Multiphase flow model. Any two-phase or
more than two-phase fluid flow can be called multiphase flow [7-11]. There are two methods currently
used in multiphase flow simulation: Eularian - Lagrange method and Eularian - Eularian method. The
Eularian - Lagrange method regards the fluid motion
as an ideal continuous phase in the calculation process. The solution process uses the N-S equation to
calculate the discrete phase of the motion of various
substances in the area. There is an exchange of momentum and mass at the junction of the two phases.
The Eulerian-Lagrangian method is suitable for the
situation where there are fewer discrete phases and
the occupied volume is small [12-14]. It is more suitable for the study of solid and liquid flow, and it is
not effective for the study of multiple liquids. When
studying oil-water two-phase flow, neither oil nor
water can be replaced by each other's phases. The
Eularian - Eularian method takes this problem into
account, and introduces the volume of fluid into the
method. No matter what the state, the total volume
ratio of the fluid is constant. Although the volume of
the individual phases will change, it will not affect
the overall volume. In the FLUENT software, the
multiphase flow models used are all models of the
Eularian - Eularian method, and there are three
types: VOF (Volume of Fluid), Mixture (Mixture)
model and Eulerian (Eulerian) model. The calculation methods of these three models are consistent
with Euler's view on multiphase flow problems. But
the applicable research questions are different. VOF
is suitable for the research of liquid stratification or
object surface problems such as the injection of liquid into the container, the shock of the water surface
and other types of problems. The remaining two
models are effective in studying liquid movement
problems with volume concentrations greater than
10%.

FIGURE 1
Meshing results of the model.
FLUENT software. When using the FLUENT
software, you need to select the simulated dimension
first when opening FLUENT. That is, the problem is
on the simulation plane (2D) or the problem on the
simulation space (3D) [5-8]. Then, select the calculation accuracy. The calculation accuracy includes

Grid type
Tetrahedral
mesh
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TABLE 1
Characteristics of different grid types.
Features
It is more suitable for more complicated geometric models, and is simple and easy to generate.

Hexahedral
The mesh quality is high, but the number is relatively small. It can be used when high-quality
mesh
grids are required for high simulation accuracy, and the generation process is more troublesome.
Triangular
prism mesh

Suitable for geometric models with thin walls.

O-Grid mesh

Suitable for circular or arc geometric models.
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This simulation should use the VOF model.
The VOF model can be understood as the tracking of
the surface of an object, but the premise is that the
surface needs to be fixed on the Euler grid. To determine the interface between immiscible liquids, it is
better to use this model. When using the VOF model
for calculation, all fluids have only one set of momentum equations available, and each small cell records the volume rate of different fluids in the cell.
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pear in the calculation process. It is generally necessary to set the appropriate limit value according to
the actual situation. When the computer calculates,
the calculation process is iterative step by step. The
initial condition setting is to give a value close to the
solution of the convergence condition, which can reduce the number of iterations during calculation, so
that the simulation process can quickly converge and
reduce calculations time.

Material properties. Material properties refer
to fluid density, viscosity, specific heat capacity, molecular kinetics parameters and other values. We can
click Materials to set the material data. There are
three types of materials: solid, liquid, and gas. We
can set the materials we need in the corresponding
materials and name them, and then set the material
parameters respectively. There is a material parameter database in FLUENT, and we can find the materials we need in the database. The basic property system of these materials has been set up. If you cannot
find the material you need, you need to manually enter these parameters of the material. In order to simulate more accurately, the parameters of oil and water were set according to the parameter data of water
and oil used in the experiment. The density of water
set in this paper is 1 g/cm3, the viscosity is 0.001 003
Pa·s, the density of oil is 0.842 g/cm3, and the viscosity is 0.037 222 Pa·s.

RESULTS
This simulation is for a horizontal well with instruments and a 90 degree inclination angle, with a
flow rate of 100 m2/day, 300 m2/day, 600 m2/day,
and water content 20%, 40%, 60%, 80%, 90%; A
near-horizontal well with instruments, an inclination
angle of 85 degrees, a flow rate of 300 m3/day, water
content 20%, 60%, and 90%; a horizontal well without instruments, an inclination angle of 90 degrees,
a flow rate of 300 m3/day, water content 20%, 60%,
90%, a total of 21 situations were simulated.
Horizontal well simulation analysis. Figure 2
and Figure 3 show the oil-water phase state and oilwater velocity distribution results when the well deviation is 90 degrees, the flow rate is 100 m3/day,
and the water content is 20%.
According to the simulation results, at a low
flow rate of 100 m3/day, the oil-water two-phase
flow pattern is stratified flow. The water holding ratio increases with the increase of the water content,
but the increase in the water holding ratio is not so
obvious relative to the increase ratio of the water
content. The maximum velocity shown in the velocity cloud graph increases with the increase of water
content, and is always in the water in the lower half
of the wellbore. This is because oil has a higher viscosity and therefore flows slowly, while water flows
relatively fast.

Solver control parameters and initial condition settings. The solver control parameters and initial conditions are set for the smooth progress of the
simulation [5, 25]. The control parameter setting of
the solver needs to set the solution method, relaxation factor and solution limit. The setting of the solution method includes setting the pressure-velocity
correlation algorithm and the choice of discrete format. The relaxation factor is related to the iteration
of the flow field and determines the stability of the
calculation process. The solution limit is the maximum and minimum values that the variables will ap-

FIGURE 2
Oil-water phase distribution (90°-100m3/d-water content 20%).
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FIGURE 3
Oil-water velocity cloud (90°-100m3/d-water content 20%).

FIGURE 4
Oil-water phase distribution (90°-300m3/d-water content 20%).

FIGURE 5
Oil-water velocity cloud (90°-300m3/d-water content 20%).

FIGURE 6
Oil-water phase distribution (90°-600m3/d-water content 20%).
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FIGURE 7
Oil-water velocity cloud (90°-600m3/d-water content 20%).
Figure 4 and Figure 5 show the oil-water phase
state and the oil-water velocity distribution results
when the well deviation is 90 degrees, the flow rate
is 300 m3/day, and the water content is 20%. It can
be seen that the oil-water two-phase medium is more
evenly distributed on the same horizontal surface under different water content conditions, and there is
more water below it. The water holding rate increases with the increase of the water content. When
the water content is 20%, 40%, and 60%, the maximum velocity of the fluid is near the center of the
wellbore. When the water content is 80% and 90%,
the velocity distribution of the fluid is relatively uniform, and there is no particularly obvious maximum
velocity zone. The flow velocity in most of the wellbore is basically the same, only the upper part of the
flow velocity is slower.
Figure 6 and Figure 7 show the oil-water phase
state and oil-water velocity distribution results when
the well inclination is 90 degrees, the flow rate is 600
m3/day, and the water content is 20%.
It can be seen that the water holding ratio increases with the increase of water content. When the
water content is 20%, 40%, 60%, 80%, the maximum fluid velocity is at the lower part of the wellbore, and the fluid velocity in the upper part is basically the same. When the water content is 90%, the
fluid velocity in the entire wellbore is basically the
same. Consistent, there is no obvious maximum fluid

velocity zone. Comparing all the conditions of the
flow rate of 100 m2/day, 300 m2/day, and 600
m2/day, it can be seen that no matter how much the
total flow is, when the water content increases, the
water holding rate will also increase. When the total
flow rate is as low as 100 m3/day, no matter how the
water content changes, the maximum velocity zone
of the fluid can be found. When the flow rate is 300
m3/day, 600 m3/day, the speed concentration area
can be found in the case of low water content. When
the water content is large, the fluid velocity in the
wellbore will be more uniform, and it is difficult to
find the maximum velocity concentration area.
Horizontal well simulation analysis without
instruments. Figure 8 and Figure 9 show the oil-water phase state and oil-water velocity distribution
without instruments when the well deviation is 90
degrees, the flow rate is 300 m3/day, and the water
content is 20%.
Comparing with the simulation under the same
conditions with instrument flow and water content,
the following results can be obtained: (1) There is no
difference in the oil-water two-phase flow pattern
with or without instruments when the water content
is 20% and 90%. , When the water content is 60%,
the flow pattern is different, the specific reasons
need to be further studied; (2) When the water content is 20%, the maximum velocity of the fluid with

FIGURE 8
Oil-water phase distribution (90°-300m3/d-water content 20%).
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FIGURE 9
Oil-water velocity cloud (90°-300m3/d-water content 20%).
the instrument is below the instrument, and the maximum velocity without the instrument is at the center
of the wellbore. The fluid velocity when the water
content is 60% is different with or without tools. The
velocity of the lower part of the wellbore with tools
is higher, and the fluid velocity without tools is more
uniform in the wellbore. When the water content is
90%, the fluid velocity distribution with or without
instruments is basically the same, and they are
evenly distributed in the wellbore.

perpendicular to the diameter of the wellbore. However, whether it is the same as the flow pattern when
the wellbore is horizontal cannot be judged based on
the simulation results, and the experimental results
need to be combined. (3) When the wellbore is tilted,
under the influence of gravity, the speed of the less
dense oil exceeds the speed of the water. At this time,
the maximum velocity in the wellbore shifts from below the wellbore to above the wellbore.
Comparative analysis of simulation results
and experimental results. According to the numerical simulation results, it can be seen that the oil-water two-phase distribution map obtained by the simulation can only show the distribution state of the oilwater two-phase, and cannot distinguish the flow
pattern of the two-phase flow well. But according to
the photos taken in the experiment, it can be seen that
the flow patterns are different under different flow
rates, water contents and well deviations. In order to
better check whether the simulation results are consistent with the test results, when comparing the test
results with the simulation results, we select the flow
rate, water content and well deviation with better
stratification effect for comparison. According to the
experimental photos, we selected a flow rate of 100
m2/day, water content 20%, 40%, 60%, 80%, 90%,
and well inclination of 90 degrees; flow rate 300
m2/day, water content 60%, 80%, 90%, the well

Analysis of near-horizontal well simulation
results. Figure 10 and Figure 11 are the oil-water
phase state and oil-water velocity distribution results
when the well deviation is 85 degrees, the flow rate
is 300 m3/day, and the water content is 20%. Compared with the simulation results of the well inclination of 90 degrees, the flow rate and water content
are the same, the following conclusions can be
drawn: (1) In the case of the same water content, the
water holdup at a well inclination of 85 degrees is
greater than a well inclination of 90 degrees. When
the wellbore is inclined, due to the influence of gravity, the oil flows upwards, resulting in a decrease in
the cross-section of the wellbore occupied by the oil,
so the water holding rate increases. (2) When the angle of the wellbore is inclined, the distribution of liquid in the wellbore is still uniform in the direction

FIGURE 10
Oil-water phase distribution (85°-300m3/d-water content 20%).
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FIGURE 11
Oil-water velocity cloud (85°-300m3/d-water content 20%).

inclination of 90 degrees; the flow rate 300 m2/day,
the water content 20%, 60%, 90%, and the well inclination of 85 degrees. These 11 cases are compared. When the flow rate is 600 m2/day, due to the
large flow rate and the faster flow rate, the two-phase
flow of oil and water is completely mixed together
to form a mixed frothy or milky flow. The experimental photos are difficult to observe the distribution
of oil and water, so they are not used for comparison.
It should be noted here that the length of the scale on
the wellbore around the wellbore is about 56.6 cm,
and the 0 scale is at the top of the wellbore. The scale
on the wellbore in the photo can roughly judge the
water holdup.
The comparison results show that when the water holdup results obtained by simulation and experiment are relatively consistent, it includes the following situations: the flow rate is 100 m2/day, well angle is 90 degrees, and water content is 20%, 40%,
60%, 80% and 90%, respectively; the flow rate is
300 m2/day, the well inclination angle is 90 degrees,
and the water content is 60%; the flow rate is 300
m2/day, the well inclination angle is 85 degrees, and
the water content is 60% and 90%.

In a near-horizontal well, due to gravity, oil with a
lower density will move faster.
In the simulation, when the wellbore angle is 90
degrees and the flow rate is as small as 100 m3/h, no
matter how the water content changes, the oil-water
two-phase flow is stratified. The simulation results
obtained are basically consistent with the experimental results. When the flow reaches 300 m3/h, it
is difficult for the simulation results to be consistent
with the experimental results in terms of flow pattern
and water holdup.
When the inclination angle is 85 degrees and
the flow rate is 300 m3/d, the simulation results with
lower water content are quite different from the experimental results. When the moisture content increases to 60%, the simulation results and the test results basically agree with each other.
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ABSTRACT
Tomato has economic importance and agricultural uses throughout man’s history. Tomato
consumers are increasing every year. But the rate
of growth in tomato production has slowed down.
The main objective of this study was to produce
transgenic plants of tomato (cv. tomato varieties
of Kingdom of Saudi Arabia) using a defensing
gene isolated from plants as antifungal gene.
During this study, we cloned plant defensin gene
which we amplified from Phaseolus vulgaris. The
Anti-Fungal Protein (AFP) gene was amplified
using direct PCR from genomic DNA extract of
chickpea (Cicer arietinum L.). Use of transient
expression as Agroinjection technique for plant
transformation technology of a gene of interest
from a foreign source is a valuable technique.
For efficient gene expression assay agroinfiltration is a powerful and trustworthy tool and can be
utilized with many plant species. The construct
FRQWDLQLQJ WKH ȕ-glucuronidase (GUS),on
pRI201-AN-GUS DNA plasmid. Use pRI201AN DNA to transform dicotyledonous tomato
plant species. The PCR reaction was positive for
GUS positive explants and produced the expected
amplicons (350bp) corresponding to AFP gene.
Thus, our results confirmed a successful introduction of the gene of interest into the tomato
genome. Our results from the present study will
provide a step ahead to produce transgenic tomato plants in Saudi Arabia against various fungal
diseases. Because our protocol is a simple and
rapid, we anticipated that our expression system
will also be valuable for commercial purposes. It
will also provide a valuable research tool to isolate and biochemically characterize broad range
of proteins without involving laborious and time
consuming regeneration protocols for stable
transformation in plants.

KEYWORDS:
Agrobacterium, Agroinjection, chickpea defensing(ca-AFP) gene, tomato, Transformation

INTRODUCTION
Tomato is a major vegetable crop, which is
known commonly. In the last few decades we
note the new application in biotechnological
approaches with main focus on the improving
tomato cropto be cultivated in divese agroclimatic conditions worldwide [1, 2].
In KSA, tomato (Solanum lycopersicum L.,
formerly Lycopersicon esculentum L.), is one of
the leading vegetable crops grown as the tomato
cultivated aria represent 13.5% of the total vegetables cultivated aria. Tomatoes are cultivated in
KSA in both open field and greenhouse. Recently, salinity intolerance is one of the most important constraints to tomato production in KSA.
Among the major challenges of modern agriculture facing today is to devise satisfactory and
eco-friendly plant disease control [3]. Plant disease control comprised of different techniques
including, gene transfection, biolo-gical control,
molecular breeding, conventional crop breeding,
plant transformation as well as genetically modified crops. Moreover, there is a huge application
of different agro-chemicals and their combination
in integrated pest management approaches to
control insect, pests and diseases. But most of
these chemicals are not degradable once applied
and ultimately they get accumulated in our food
chain causing deleterious effects [4 ]. Therefore,
in recent years, improvement of crops through
genetic engineering is being contempla-ted to
protect the crops from pests and diseases.
Transient Expression of Recombinant
Proteins in Plants. The use of transient gene

11535

© by PSP

Volume 29 – No. 12A/2020 pages 11535-11544

expression in plant biological system is advantageous over stable transformation methods for
generation of transgenic plants. It seems quite
convincing to use transient gene expression analysis to confirm that the gene of interest in functional and expressed stably, before its application
on a larger scale to generate transgenic plants [ 5,
6]. The transient gene expression systems are
quick, malleable and most important have no
influence from positional effects of the genes
and ultimately overcomebiased gene-expression
[6,7]. At the advanced developmental stage of the
plants heterologous gene expression is encouraged to escape possibly any negative effects on
the newly developed plant. Besides bacterial
plasmids, the use of plant viral vectors to get
transient gene expression of the gene of interest
are well popularized commercially for commercial production of certain proteins [6].
Agrobacterium-Mediated
Transformation. The production of transgenic plants is a
routine work on a commercial scale as well as in
a molecular biology laboratory. The genetic
transformation has now become an everyday
science for most of the crop species. Besides all
these facts, attaining introduced gene expression
at a high level in planta is still a big challenge,
especially, to develop transgenic crop plants
expressing insecticidal, antifungal, antibac-terial
and antiviral proteins [2, 7].
Tomato fruit has been used as a model for
transient gene expression studies in fruit tissues.
Additionally, tomato fruits are being used for
commercial production of oral vaccines and other
immunotherapeutic proteins [7,8,9,10]. However,
unavailability of an outstanding transformation
protocol and the lengthy time period to produce
stable transgenic tomatoes, make evaluation of
gene functions and estimation of xenoproteins a
tiresome and clumsy procedure in tomato fruits
[5].

MATERIALS AND METHODS
Production of Plant Material and Plant
Growth Conditions. Seeds from commercially
grown tomato varieties/cultivars grown in Saudi
Arabia (tomato cultivars like, Castle Rock, Red
Gold, and Super strain B) were surface sterilized
in 10% (NaOCl) - contains 5.25% free chlorinefor 5 minutes and rinsed 8-10 times using double
distilled water and transferred onto half strength
Murashige and Skoog (MS) basal medium [11]
with 3% sucrose and solidified with 0.8% agar.
After germination of the seed, the hypocotyl,
cotyledons and leaf sections (explants) from 12-
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days-old seedlings were used. Such explants were
used for production of indirect regeneration
through the callus phase of tomato explants according to [12].
To facilitate direct or indirect regeneration,
various concentration (1mg, 2mg and 3mg) of
Benzyl Amino Purine (BAP) combined with
0.5mg of Naphthalene Acetic Acid (NAA) were
used. The explants were sub-cultured on (MS)
medium composed of MS-salts, Gamborg’s vitamins, 3% sucrose and 0.7% (w/v) agar and combined with previously mentioned concentra-tion
of (BAP) and (NAA). The cultured were incubated 16 hr light cycle of white fluorescent tubes
giving 2000 lux and were sub-cultured every 15
days. Soon after callus and shoot development,
the shootlets, which were rege-nerated indirectly
from callus cultures rather from hypocotyls, cotyledons and leaves or directly from hypocotyl
cultures were harvested and transferred to fresh
MS medium or with IAA for root and shoot
development of the plantlets.
Agroinfiltration procedure. Agroinjection
was carried out as described previously by [5].
Agrobacterium tumefaciens strain (LB4404) was
incubated at 29°C in L-broth supplied with 50 μg
POí RI NDQDP\FLQ DQG  J POíVWUHSWRP\FLQ
(1) followed by pelleting actively growing bacteria by centrifugation at 4000 g for 6 min at room
temperature. The bacterial pellet was reVXVSHQGHG LQ  PP 0J&O DQG  J POí
acetosyringone. The bacterial suspension culture
was left for 3 h and then inoculated into the abaxial air spaces in 2–4 week old tomato fruits. All
the Agrobacterium strains harbored the pRI 201AN-GUS DNA (TaKaRa). The optical density
(OD600) of the culture of Agrobacterium carrying the pRI 201-AN-GUS-AFP construct was set
at 1.0. Transient co-expression of the constructs
pRI 201-AN-GUS and pRI 201-AN-GUS-def
was optimized at OD600 of 0.5 and 0.8, respectively.
Isolation of Plant DNA. Total plant genomic DNA was extracted by following miniprep
protocol as described by Murray and Thompson
[13].
Expression of defensin (AFP) Gene. Plant
defensin (AFP) gene isolated from seedlings of
chickpea (Cicer arietinum L.)was cloned. The
AFP gene was directly amplified using total
DNA of P. Vulgaris as template in PCR technique[14]. The amplicon of full length AFP gene
was subsequently cloned, further characterized
and confirmed using restriction enzymes Xba1
and Sac1. The resultant nucleotide sequence
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consists of 481 bp in length. The sequence of
cDNA coding for the AF protein was determined
earlier and the deduced amino acids of the protein
was shown to be highly homologous to several
cysteine-rich antifungal peptide (GenBank Accession number for similar gene is DQ288897, ).
DNA constructs. –Construct. The construct containing the b-glucuronidase (GUS),on
pRI 201-AN-GUS DNA plasmid (TaKaRa
comp.). Use pRI 201-AN DNA to transform
dicotyledonous tomato plant species (Figure 1).
The PCR products were subcloned in
pGEM-T then digested with XbaI /SacI and
cloned into a pRI201-AN-GUS, which already
digested with XbaI /SacI under CAMV 35 S
promoter . The aforementioned gene constructs
were then used for tomato transformation. To
produce the pRI 201-AN-GUS-AFP construct,
the plasmid pRI201-AN-GUS and pRI 201-ANGUS-AFP containing the 486 bp length from
chickpea, which we clone in pGEM-T first by
using PCR primer, ca-F _Forward Primer 5'TGC CTC TAG ACC ATG GAT GGA GAA
GAA ATC ACT AGC TGG C -3 and caF
_Reverse Primer
5'- ATC CCC GGG CGG
ATC CTT AAC ATC TTT TAG TAC ACC
AGC G -3. T4-DNA ligases were used and Ligation was done overnight 120C and then transIRUPHGWR'+FRPSHWHQWFHOOV
Agrobacterium transformation. A. tumefaceins (LBA4404) chemical competent cells
were transformed with pRI201-AN-GUS and
pRI201-AN-GUS-AFP constructs using freeze
thaw method [15].
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Agrobacterium-Based Transient Transformation. Tomato fruits were agro-inoculuated
by following [5].
Molecular verification of transformed
plants. PCR analysis. PCR amplification of AFP
gene was carried out using Taq DNApolymerase
enzyme, dNTPs mix and convergent primers caF
_Forward and caF _Reverse. The PCR reaction
conditions were as follow: initial denaturation
94oC for 5 min followed by, 30 cycles of denaturation at 940C for 30 seconds, annealing at
55oC for 30 seconds and extension at 72oC for
either 90 seconds for cloned DNA in plasmid or
2.0 minutes for GUS gene fusion, final extension
at 72oC for 5 min.After completion of the PCR
reaction, the amplicons were analyzed using 0.8
% agarose gel and the final product was electrophoresed using gel electrophoresis. .
Histochemical analaysis for GUS. Histochemical analaysis of GUS staining was performed for screening transgenic tomato plants
and tomato fruits according to [5, 16] with some
modifications. To allows for the verification of
the expression of uid A gene in Tomato fruits.
The wild type (control) and treated tomato fruits
using agroinjection technique were collected,
sliced and the slices were rinsed in 50 mM Naphosphate buffer. The sliced fruit tissues were
then stained with 2 mM 5-Bromo-4-chloro-3LQGRO\O ȕ-D-galactopyranoside (X-gal from Sigma-Aldrich) in 50 mM of Na-phosphate were

FIGURE 1
9HFWRUPDSRIWKHELQDU\SODVPLGKDUERULQJ6SURPRWHUȕ-glucuronidase (GUS), pRI201-AN-GUS
DNA (TaKaRa )
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buffer (pH 7.0), followed by short-term vacuum
infiltration. These tomato fruit slices were then
incubated for overnight at 37oC in complete
darkness dark. After staining, tomato fruits rinsed
thoroughly in ethanol to remove all chlorophyll
contents before further studies. The Tomato
Fruit-Slice developed blue spots were recorded.

FIGURE 2
Lane (M or 1) contains DNA digested
with lambda HindIII used as a size marker.
Lanes 1, 2 and 3 show PCR Amplification
products of AFP gene was isolation from
chickpea and Lanes 2 from Synthetic AFP
with AFP -F and AFP-R primers.

RESULTS AND DISCUSSION
During the last two decades the main focus
of modern biotechnological techniques have been
on the advancement of tomato crop, to be grown
in different agroecological niches to fulfill world
food demands [1, 2,17, 18 ].
Isolation of AFP -gene by PCR-based methods from different plants and Amplification of an
AFP -Specific PCR Fragment from chickpea
plants. The successful cloning of the AFP gene
was confirmed by isolating total genomic DNA
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from chickpea (Cicer arietinum L.)by PCR using
the AFP gene specific primers: DEF _Forward
Primer 5'- TGC CTC TAG ACC ATG GAT
GGA GAA GAA ATC ACT AGC TGG C -3 and
DEF _Reverse Primer 5'- ATC CCC GGG CGG
ATC CTT AAC ATC TTT TAG TAC ACC
AGC G -3, to obtain a 350-bp amplification
product. The protocol of the PCRs were denaturation at 94°C for 1 min, primer annealing at 55°C
for 1 min and extenstion at 72°C for 1 min for 35
cycles using 250 ng of chickpea genomic DNA as
template and 250 ng of each primer (Figure 2)
and also you see the Blast Alignments Sequence
between the Synthetic AFP and chickpea gene
(Figure 3).
Gene Cloning and Bacterial Transformation. Cloning into the pBHA (2002bp, Bioneer Clone gene synthesis Cloning was done by
bioneer company), and the construct was transformed into Escherichia FROL'+ĮFHOOV
The plasmid DNA was extracted using the
Wizard mini-preparation kit.
Construction of Chickpea(caAFP Gene.
Except for the primers located at the 5’ end of
template directed ligation -PCR sequence blocks,
the 5 ends of oligonucleotides were chemically
phosphorylated with 5-Phosphate-ON phosphoramidite in the final step of DNA synthesis. Based
on the corresponding caPDF gene sequence AFP
gene, which deposited in the GenBank database
with accession number KJ939334 synthetic AFP
gene was isolated as [14].
Sequence similarity and structural comparison between the Chickpea and other AFP mRNA
for truncated AFP protein.
Most of the routine work regarding sequence analyses (for both DNA and protein)
were carried out using CLCVector programm and
Genbank database. Sequence homolgy searches
were performed using FASTA analysis. Multiple

FIGURE 3
The Isolation of Chickpea defensin (pdf) gene, complete cds GenBank accession number
NM_001365279 XM_004487638.
The sequence of pdf gene was deposited in GENBANK and an accession number was obtained from the GeneBank database.. Moreover, AFP -Gene consists of 481 nucleotide base sequence as follows Figure 3.
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FIGURE 4
Phylogenetic relationships between the defensin (ca-pdf) gene using the (a), gene structure predictions (b)
and conversed protein motifs. Phylogenetic analysis of defensin (ca-pdf) gene in chickpea (Cicer arietinum L.) with other defensin genes.

FIGURE 5
The results of rrestriction analysis for clone of AFP gene after cloning into pRI2O1-CaMV35s-GUS vector and digested by Xba1/Sac1 restriction endonucleases.
sequence alignment was performed by Blast
Alignments tool. The Blast Alignment showed
that the sequences have high homology with each
other (Figure 3).
Results of Sequencing Blast Analysis for
isolated ca-AFP genes. The isolated AFP fragments matched the published sequences in Genbank, Blast Alignments Sequence between the
chickpea (Cicer arietinum L.) defensin (pdf)
gene, AFP Synthetic and AFP mRNA form different AFP DNA and protein isolate. Following
photo shows the homology of AFP sequence to
published sequence in the Genbank as in table 1.
The sequences were compared using the BLAST
programs provided by NCBI as showing in figure
4. Blast Alignments Sequence between the
chickpea (Cicer arietinum L.) defensin (ca-pdf)
gene and AFP mRNA form different AFP DNA
isolated (http://www.ncbi.nlm.nih.gov/BLAST).
As shown in Figure 4 below.

Structure of Plasmids used to Produce
Transgenic Tomato Plants. In our case, the
efficient transformation of A. tumefaciens with
the cloned plasmids has highly practical value.
Transformation with the CaCl2 treatment or the
freeze-thaw method as mentioned by (19) is the
method we follow in this paper. The technique
followed in this experiment has been very
effienct in regenerating transgenic plants particularly dicot crop plants. However, the result inferred the successful transformation in tomato
plants (Figure 4). The AFP products were subcloned in pBHA (2002bp) vector then digested
with HindIII /BamH and cloned into a pBI121
without any promoter, which was already digested with Xba1 and Sac1to under CAMV 35 S
promoter . These constructs were later used to
carry out transformation of tobacco plants (Figure
7). To generate the pRI 201-AN-GUS-AFP DNA
construct, the plasmid pRI 201-AN-GUS DNA
and pRI 201-AN-GUS-AFP containing the 481
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pb length from AFP gene which we clone in
pBHA. The resultant products from restriction
digestion anlaaysis for the clones of AFP gene
after being cloned pRI2O1-CaMV35s-Gus vector
and digested by Xba1 and Sac1 are shown in
Figure 5.
Depending upon the size of the fruit being
inoculated with agrobacterium harboring our
gene of interest a PD[LPXP DPRXQW RI aȝO
was used in mature tomato fruits. After infiltration, the inoculated patches of the tomato tissues
were followed for a minor change in color in the
inoculated area. After whole fruit surface was
thoroughly infiltrated with the agrobacterium
solution, some of the infiltrated places started
showing running off the hydathodes at the tip of
the sepals. Only those tomato fruits were used for
further experimentation, which were entirely
infiltrated. Tomatoes at developmental stages
beyond breaker could not be infiltrated in their
entirety by the currently used method and hence,
were excluded from this experiment. For agroinfiltration of tomato plant leaves, the needle of
the syringe was discarded and agrobacterium
inoculum wasdirectly applied in the intercellular
spaces as described earlier [22].
After infiltration with Agrobacterium inoculum with OD600 at 0.8 the tomato fruit explants
were incubated at 37oC for one day. The GUS
expression was observed in transformed tomato
fruits but not in the negative control or mock
inoculated tomato fruits. The PCR amplification
from the transformed tomato tissues produced the
amplicons with the expected size corresponding
to AFP gene. Our results thus confirmed the
successful transformation of the tomato cultivar/
varieties of Kingdom of Saudi Arabia, being
reported for the first time in Saudi Arabia. Moreover, this protocol would provide a roadmap for
future strategies for problem solving-applications
encompassing other
economically important
agricultural crops cultivated in Saudi Arabia.
The generation of false positives from GUS
expression was ruled out because the GUS gene
expression was interrupted by inserting intron
sequences. The PCR reaction was positive for
GUS positive explants and produced the expected
amplicons (350bp) corresponding to AFP gene.
Thus, our results confirmed a successful introduction of the gene of interest into the tomato
genome. Our results from the present study will
provide a step ahead to produce transgenic tomato plants in Saudi Arabia against various fungal
diseases.
Because our protocol is a simple and rapid,
we anticipated that our expression system will
also be valuable for commercial purposes. It will
also provide a valuable research tool to isolate

Fresenius Environmental Bulletin

and biochemically characterize broad range of
proteins without involving laborious and time
consuming regeneration protocols for stable
transformation in plants.
Tomato is known to be economically one of
the imperative vegetable crops cultivated in Gulf
countries. Tomato production is hampered by
infection of fungal diseases, which are among top
ranked diseases of tomato in this area. Most of
the previously designed transformation procedures for tomato plants are genotype dependent
and still not applicable as routinely used universal methods.
Tomato has economic importance and agricultural uses throughout man’s history. Tomato
consumers are increasing every year. But the rate
of growth in tomato production has slowed down.
Our results showed that when tomato fruit
explants were inoculated and exposed to Agrobacterium inoculums having OD600 value at 0.8
for 30 min, the resultant transformation efficiency was increased upto 90%. GUS expression was
detected quite efficiently in the transformed tomato fruits but the negative control remained
negative for GUS expression. The successful
transformation of the tomato cultivars with AFP
gene was further confirmed by the PCR amplification using total genomic DNA extracted from
the transformed tissues these results are being
reported for the first time in kingdom of Saudi
Arabia in tomato fruit explants. Reliable regeneration protocol for the target plant material has
been optimized in vitro.
Expression of GUS under CaMV 35S
Promoter. Transient assays were employed to
test the GUS expression in leaf and fruit tissues
of tomato. The uidA gene under the regulation of
CaMV-35S promoter in pRI201 was used as a
positive control. As a negative control, pUC18
DNA was used. Tomato fruits were agroinjection
with various constructs using agrobacterium
mediated transformation method. When assayed
for GUS activity through histochemical method
blue spots were observed in the fruits tissue that
was infected with pRI201-CaMV-35S-GUS vector DNA (Figure 6). No activity of GUS was
observed in control plasmid (pUC18) DNA samples. Similar experiments using tomato fruit tissue revealed the expression of GUS when infected with pRI201-CaMV35S-GUS plasmid DNA
(Figure 4 ). No blue spots could be seen in tomato fruit slices with control pUC18 DNA. Efforts
were on to obtain stably transformed tomato
plants to study the expression of GUS.
GUS Histochemical Assay. Agroinjection
as a Transient Expression System. The screen-
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ing of transgenic plants was carried out according
to Jefferson [16 ] and verified the expression of
uidA gene in transgenic tomato plants. Tomato
fruit was rinsed in Na-phosphate buffer followed
bystaining with X-gal in the presence of phosphate buffer. The plants were briefly vacuum
infiltrated and incubated at 37OC overnight under
complete darkness. The tomato tissues were extensively rinsed using ethanol to completely
remove any remaining chlorophyll contents before final examination (Figure 6).
Agroinjection as a Transient Expression
System. Here we are reporting the successful
development of an agroinjection-based system by
Agrobacterium tumefaciens, which permits transient assays of foreign genes introduced to tomato fruit tissues.
Tomato fruit slices successfully expressing
GUS expression were nurtured for 20 min at
room temperature using prechilled 90% acetone .
After continuous washings, tomato fruit slices
were immersed into fresh staining solution. Vacuum treatment was applied to fruit slices to help
successfulpenetration of the staining solution into
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the tissues. The staining was done by incubating
tomato fruit slices at 37°C in the dark for 24 hr,
after which extensive chlorophyll destaining was
carried out using 70% ethanol.
Histochemical analysis of GUS activity was
accomplished as described previously [16]. Negative controls, consisting of non-agroinjected
tomatoe fruits, pRI201-CaMV 35S –GUS agroinjected tomatoes, and pRI201-CaMV 35S –
GUS –AFP -agroinjected tomatoes were collected and fixed for 4 hr after agroinjection. No blue
staining was observed in the aformentioned
samaples (Figure 6). We reported here agroinjection as a transient expression system for
JHQHV RI LQWHUHVW LQ WRPDWR IUXLWV XVLQJ  ȕglucuronidase (GUS) as reporter genes . The
successful infiltration in tomato slice fruit tissues
was confirmed by using pRI201-plasmid containing GUS genes expressed under35S promoter
(Figure 1 ). High expression level of GUS gene
was detected in agro-injected tomato fruits following agro-infiltration (Figure 6). Since the 35S
promoter has been shown previously to be expressed successfully in tomato fruits and leaves
in transformed tomato plants with stable

FIGURE 6
Tomato fruit slices were Agroinjected with the agrobacterium harboring GUS genefor transient assay.
Note:the presence of blue spots on slices Agroinjection with pRI201-CaMV 35S –GUS plasmid DNA. No blue spots could
be noticed on control samples (non-agroinjected). Blue color reveals that the tissues were exposed successfully by the infiltrated culture.
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transformation, these findings indicate that tissue
susceptibility to Agrobacterium infection plays
and important role in the efficiency of agroinfiltration methodology [5]. Establishment of the
Protocol for Culture Conditions and Agrobacterium – Mediated Transformation for Tomato(Lycopersicon Esculentum).
Cotyledon and hypocotyl explants from 10day-old seedlings and tomato leaves from 4week-old plants were cultured on a preculture
medium. Cotyledon and leaf pieces were placed
on the media with the abaxial surface of the leaf
in contact with the medium. The cotyledons and
leaves were cut, and two explants were obtained
from each. At least three independent experiments were carried out to test each plant growth
regulator combination, and at least 100 explants
were tested each time.
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mation efficiency, the plant growth regulator
combinations examined were in mg L–1: BA
0.8/NAA 0.2 it is the best medium for tomato
plant regenerations.
The results refer that tomato explants from
the tomato cultivars could give callus have the
ability for regeneration Figures (7 a and b, 8 and
9).
The establishment protocols of regeneration
tomato plants from explants-derived callus.
Transformation media to be used for callus production and regeneration after selection on the
same media for agrobacterium transformation
Figures (7 a and b, 8 and 9).

FIGURE 8
In Vitro Tomato regenerated plants showing
normal good growing shoots.

(a)

(b)
FIGURE 7
(a)Place infected tissue on medium containing
kanamycin. Explants after infecting the
wounded plant tissue with Agrobacterium.
(b)Tomato Callus with embryonic like structures giving regenerated plants.
Culture media and culture conditions for
transformation to test the protocol of tomato
before going to use the ca-AFP gene clone.
Plant growth regulators were examined to obtain
adventitious shoot initiation from the tomato calli
and explants following Agrobacterium cocultivation.
For evaluation of effect of a second combination of plant growth regulators on transfor-

However the regenerated plants could be
developed for further growth giving normal
plantlets have shoots and roots Figures (7) and
(8).
Figure (9) In Vitro Tomato regenerated
plants showing normal good growing roots. The
adapted Tomato plants transformed with afp
gene confers to the greenhouse.
Accordingly for the tomato (Lycopersicon
esculentum), plant regeneration from different
explants, such as leaf disks and cotyledon is possible. In such studies, it has been clearly demonstrated that regeneration capacity among cultivars. In this respect, tissue culter and regeneration conditions have been studied for the hypocotyl, cotyledons and leaf sections (explants) of
three tomato cultivars (Castle Rock, Red Gold
and Super strain B).
Diego et. al., [5] illustrated that the use of
transient expression of foreign genes in the tissues of tomato fruits provides an efficient and
powerful tool for plant transformation systems.
To reduce down the time for functional analysis
of genes in fruits and they developed a transient
gene expression technique that is sucessfully
applicable to tomato tissues.
Recently, Agrobacterium-mediated transient
gene expression was used as an alternative tool to
study and to assess gene function and to generate
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of stably transformed transgenic plants. Transient
expression of foreign genes in plant leaves has
been a method of choice in many gene functional
analysis [5, 6, 20. We have established a transformation system for successful insertion of an
antifungal protein (plant defensin) into tomato
fruit, set using A. tumefaciencs and pRI201CaMV 35S –GUS –AFP as a vector. The result is
considered to be a significant step in the development of commercial fungal resistant transgenic
tomato cultivars. Agrobacterium-mediated transient transformation methods have advantages and
disadvantages depending on the research purposes.
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in the world, China's forest resources are relatively
scarce. Although China's land area ranks first in the
world's land area, the area of forest resources is
only about 3%, and the cumulative growth of forest
resources is less than 2% [3]. At the same time,
China's forest resources are facing many
challenges. First, the distribution of forest resources
is uneven, and the regional differences are obvious.
Second, the structure of forest resources is
unreasonable, and the forest coverage rate is low.
Third, the artificial forest area is large, but the
quality is not high [4,5].
The economic value of forest resources is
obvious. How to evaluate the value of forest
resources objectively and scientifically has become
a hot topic. Throughout the academic circles at
home and abroad, there are many researches on the
benefits of forest resources [6-10]. Hanley et al.
[11,12] used two conditional value methods to
evaluate the spatial distribution of forest value in
the UK, and analyzed the changes of consumer
surplus value in different types of forests. From the
perspective of direct value and indirect value,
adgeret concluded that the total value of forest
ecosystem services in Mexico is at least 4 billion
US dollars in selection value and existence value,
of which the percentage of hydrological cycle and
carbon value is the largest. Based on the travel cost
method, Tobias et al. [13] studied the tourism value
of tropical rainforest and proposed the sustainable
development plan of tropical rainforest. In Eastern
Macedonia and Thrace National Park, the value of
ecosystem services was determined by the
questionnaire method of Georgios. Wang et al. [14]
evaluated the forest ecosystem service function and
value of Daqingshan Nature Reserve in Inner
Mongolia, and finally estimated that the total value
of the ecosystem service function of the reserve was
434,674.23 million yuan, far higher than the
economic value of the forest in the area. However,
Lin et al. [15] believed that there were
inconsistencies in the methods of measuring green
service functions, while there was a correlation
between benefits, which would eventually lead to
repeated calculation in the evaluation process.

ABSTRACT
Forest resources are an important asset to
ensure
sustainable
social
and
economic
development. In order to evaluate the benefits of
ecological afforestation project and obtain a clear
I/O situation. In this paper, the regional ecological
afforestation project based on the guidance of green
sustainable development was studied, and Fujian
Province of China was taken as an example to evaluate the benefits. In which, several perspectives
such as economic, water conservation, soil
conservation and carbon sink were considered
comprehensively. The two major indicators of
water regulation and water treatment were used to
measure the benefits of water conservation, and the
benefits were calculated according to the
perspective of soil conservation. In addition, the
investment benefits of the project was evaluated to
determine the complex income and value of the
project. The results revealed that the initial inputoutput ratio of the three interest rates is very low,
the conservation soil value of camphor and Taxus is
not obvious in the early stage, the I/O ratio
increases rapidly with the increase of years, and the
input-output ratio is low in the initial stage. It has
practical significance for the sustainable and
healthy development of ecological afforestation
projects.

KEYWORDS:
Sustainable development, Ecological afforestation project, Investment benefit, Benefit evaluation, Water
conservation, Soil conservation

INTRODUCTION
In recent years, social and economic
development is rapid, but the world forest area is
gradually reduced [1]. Forest and land reclamation,
as well as wars and natural disasters, cause the
world to lose about 31.21 million hectares of forest
land every year [2]. Compared with other countries
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Minnan is 767 yuan/m3, chipi Cyclobalanopsis is
1003.5 yuan/m3, camphor is 802.1 yuan/m3 and
Quercus is 902.1 yuan/m3.

Forest resources are important assets to ensure
sustainable social and economic development [16].
It is more important to have a better understanding
of forest activities and benefits, understand the
nature of forests, and use assessment results to
make behavioral decisions in order to better
manage forests at the macroeconomic level. With
the change of the concept of forest resource
assessment, the process of forest assessment is
gradually expanding, and the index system is also
constantly improving and developing. Therefore, it
is urgently needs to evaluate the investment
benefits of regional ecological afforestation projects
under the guidance of green sustainable
development [17-20]. In this paper, the regional
ecological afforestation project in Fujian Province
of China was studied. The two major indicators of
water regulation and water treatment were used to
measure the benefits of water conservation, and the
benefits were calculated according to the
perspective of soil conservation.

Evaluation method based on Economic
Perspective. The economic benefits of forestry are
the benefits obtained by selling the material assets
of forest to the market [28]. Therefore, direct
market pricing is often used to evaluate the
economic benefits of forests. The economic
benefits of forest often include the benefits of
timber, forest fruit production, firewood production
and wild plant resources. In recent years, the
utilization rate of firewood has been steadily
declining. Only a few remote and poor areas use
wood for cooking and making fires. Therefore, in
combination with the tree species studied in this
paper, the benefits of firewood and forest fruits can
be ignored. At the same time, the economic benefits
of the fruits of Phoebe, Cyclobalanopsis, camphor
and Taxus are not high. Therefore, this paper only
studies the economic benefits of tree species.
Evaluation
method
based
on
the
perspective of water conservation. To a great
extent, the method of water conservation can
achieve the goal of preventing and controlling
green quilt desertification and reducing soil erosion
[29]. According to the methodology theory of the
benefit evaluation and evaluation method based on
the perspective of water conservation by Xie et al
[30]. This paper will use the two major indicators of
water regulation and water treatment to measure the
benefits of water conservation. Two methods are as
follows: the first is to use water balance method to
calculate the total water saving value, which is
based on the research of domestic and foreign
scholars. The second is to calculate the total water
saving based on water storage and runoff.
Compared with the latter, the former can reflect the
actual situation better and is more suitable for the
research of this topic. Therefore, in this paper, the
water balance method is used to calculate the
benefits of using water sources to obtain relevant
economic indicators in the study area.

MATERIALS AND METHODS
In this paper, two major indicators of water
regulation and water treatment were used to
measure the benefits of water conservation [21].
The economic and environmental benefits were
evaluated from economic, water conservation, soil
conservation an carbon sink perspectives. Based on
the assessment and evaluation method of the
benefits of soil conservation horizon, its benefits
were calculated.
Data Sources. The research data of this paper
comes from the China forest resource accounting
and China eighth forest ecosystem service
evaluation [22,23]. The detailed research data and
the indicators used in the research data are as
follows: (1) According to the relevant data of China
economic network, the social rate of return is 7.4%
[24]. (2) Through the research of the above works,
it is found that the price of carbon sequestration has
been converted to 1200 yuan/ton for human life by
Sweden. According to China Water Conservancy
Yearbook, the unit cost of reservoir capacity is
6.1107 yuan/ton [25]. (3) The content of N in DAP
is 14%, P in DAP is 15.01%, and K in KCl is 50%.
(4) According to the standard value set by the
United Nations Intergovernmental Panel on climate
change, the standard expansion coefficient is 1.90,
the standard unit weight or dry weight is 0.5, the
standard coal coefficient is 0.5, and the default
value of carbon conversion coefficient in
underground facility plants is 0.195, that is, the
carbon conversion coefficient in forests and Dalin,
the standard is 1.244 [26]. (5) According to relevant
Internet data, the total investment of the project is
800 million yuan [27]. Secondly, the stand price of

Evaluation
method
based
on
the
perspective of soil conservation. Soil conservation
refers to the relevant behavior of further controlling
soil to prevent erosion and erosion to maintain soil
fertility [27]. In this paper, based on the benefit
evaluation and evaluation method of conservation
soil horizon, we calculated the benefit based on
conservation soil horizon. They are respectively the
annual output value of forest soil stability and the
annual output value of forest soil protection. Each
forest will inevitably form a root system network,
which can stabilize the soil and control the soil
from external or internal corrosion and erosion. The
cost of this part can be equally converted into the
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value of solid soil. At the same time, nutrients such
as sodium and potassium are dissolved and retained
in the soil, which means that soil fertility is
retained. In this paper, the annual average content
of nitrogen, potassium and phosphorus in solid soil
is converted into the content of agricultural
fertilizer, and then the value that can be used as
annual forest fertilizer is calculated.

Fresenius Environmental Bulletin

Calculation method based on input-output
ratio. The I/O ratio is the percentage of the total
project investment to the industry value added
during the project. As an indicator of economic
evaluation, it does not appear in various books on
economic management. However, it is supported by
some leading and easy to understand tags, as well
as by some investors and decision makers. When
many decision makers use the term cost ratio, they
interpret it as a percentage of project resource funds
and expenditure funds, that is, how much money
they will get if the project is invested in one unit. Its
quantity is usually expressed in the form of 1: n.
The higher the n value, the greater the economic
impact, the lower the n value, and the worse the
economic impact. However, there are two different
views on the estimated production process. Another
view is that "production" means that the annual
income or net income at the beginning of the
project has reached the normal production level
during the production period. Another view is that
"production" refers to the sum of total or net
income of the project during the whole operation
period. Obviously, the concept of the latter is
consistent with the meaning of ratio of output to
output, because the life cycle of different projects is
different, and only one year's income or net income
K cannot reflect its income threshold.

Evaluation method based on the view of
carbon sink. Carbon sink is a popular word at
present, which involves the process, activity or
mechanism of using photosynthesis of plants to
absorb carbon dioxide in the atmosphere, and fixing
it in vegetation and soil through greening, forest
management and vegetation restoration, so as to
reduce carbon dioxide concentration in the
atmosphere. The difference between carbon capture
and carbon capture is that carbon capture also
includes physical capture, i.e. long-term storage of
carbon dioxide in oil and gas wells, coal seams and
deep sea. Therefore, this paper calculated the value
of carbon sink. In order to improve the accuracy of
estimation, we used the method of expanding the
growth of forest vegetation proposed by Gong et al.
[31], and estimated the total carbon absorption of
forest based on the biomass conversion coefficient
method. Forest carbon sequestration can be
measured by stand volume, not by forest volume
growth, that is, the total amount of all trees on the
surface, including forest volume, sparse forest
volume, scattered forest volume and four side forest
volume, so that they can be covered in forest carbon
pool, improving the accuracy of the estimation
results. In the process of measurement, the total
carbon sequestration of forest mainly includes three
kinds of carbon sequestration: forest biomass
carbon sequestration, understory vegetation carbon
sequestration and forest land carbon sequestration.

RESULTS AND DISCUSSION
In recent years, with the acceleration of
economic globalization, under the guidance of
green sustainable development, in order to speed up
the process of regional ecological afforestation,
Fujian Province participated in the regional
ecological afforestation project in 2015. Up to now,
77824.6 hectares of vegetation have been planted in
five-year ecological afforestation projects in the
province.

FIGURE 1
Prediction of accumulation and growth of Phoebe bournei in the next 50 years under different conditions
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accumulation growth is less than 1 m3. In the
middle period, the accumulation growth is 12 m3,
but in the later period, the accumulation growth is
up to 41 m3.
As can be seen from Figure 2,
Cyclobalanopsis glauca has different accumulation
growth changes under different conditions. In the
early stage of good site conditions, the
accumulation and growth of Cyclobalanopsis
glauca was 22 m3, 44 m3 in the middle stage and 44
m3 in the later stage. In the early stage of site
conditions, the accumulation and growth of
Cyclobalanopsis glauca was 14m3, 36m3 in the
middle stage and 42m3 in the later stage. In the
early stage of poor site conditions, the accumulation
and growth of Cyclobalanopsis glauca was 6m3,
34m3 in the middle stage and 40m3 in the later
stage. It can be seen from the accumulation growth
trend that the accumulation growth trend of
Cyclobalanopsis glauca is the largest in 10~20
years and the smallest in 40~50 years.

Prediction of cumulative growth changes of
various tree species in the next 50 years. In this
paper, the cumulative growth of ecological forestry
projects in Fujian under different conditions is
predicted, and then the economic benefits are
predicted according to the changes of cumulative
growth. Figure 1 to Figure 4 showed the cumulative
growth changes of different tree species.
From Figure 1, it can be seen that the growth
rate of the Fujian Phoebe under different growth
conditions is different, but one thing is the same,
that is, the accumulation growth of the Fujian
Phoebe increases with time. From the prediction
results, it also can be seen that in the case of good
site conditions, the accumulation and growth of
Phoebe after 10 years is 4 m3, which is the initial
stage. After 30 years, it is 37 m3. And after 61 m3, it
is 50 years. In the environment of site conditions,
the volume growth in the initial stage is 1 m3. In the
middle stage is 22 m3, and in the later stage is 52
m3. In the area with poor site conditions, the initial

FIGURE 2
Prediction of the accumulation and growth of Cyclobalanopsis glauca in the next 50 years under different conditions

FIGURE 3
Prediction of accumulation and growth of Cinnamomum camphora in the next 50 years under different conditions
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FIGURE 4
Prediction of accumulation and growth of Yew volume growth in the next 50 years under different
conditions

FIGURE 5
Forecast of the Economic Value of Nannan in the Next 50 Years
can be seen from the trend of accumulation growth
that the trend of accumulation growth of Taxus
chinensis is the largest in 20~30 years, and the
trend of accumulation growth of Taxus chinensis is
the smallest in 40~50 years. To sum up, under
different conditions at the end of the project, the
volume growth of four species is: camphor >
Minnan > Taxus > Cyclobalanopsis.

From Figure 3, we can see that camphor under
different growth conditions has different
accumulation growth, and its accumulation growth
is greatly affected by site conditions. Under the
good site conditions, the accumulation and growth
of camphor after 10 years is 8m3, which is the
initial stage; after 30 years, it is 72m3. Up to 115m3,
it is 50 years. In the environment of site conditions,
the volume growth in the initial stage is 6m3, in the
middle stage is 50m3, and in the later stage is
108m3. In the area with poor site conditions, the
volume growth in the initial stage is 1m3, in the
middle stage is 30m3, and in the later stage is 62m3.
As shown in Figure 4, Taxus chinensis has
different accumulation growth changes under
different conditions. In the early stage of good site
conditions, the growth volume of Taxus was 8m3,
in the middle stage, 100m3, and in the later stage,
105m3. In the initial stage of site conditions, the
growth volume of Taxus was 6m3, in the middle
stage, 76m3, and in the later stage, 102m3. In the
early stage of poor site conditions, the accumulation
growth of Taxus chinensis was 4m3, in the middle
stage was 44m3, and in the later stage was 86m3. It

Forecast the change of economic value per
unit area of various tree species in the next 50
years. Based on the market price of standing trees,
the economic value of living trees per unit area of
different tree species can be calculated, as shown in
Figure 5 to Figure 8. From Figure 5, it can be seen
that in the case of good site conditions, the
economic value of South Fujian is 3,600 yuan/h·m2,
27,000 yuan/h·m2 in the early stage, 41,000 yuan/h·m2 in the middle stage and 41,000 yuan/h·m2
in the later stage. In the case of site conditions, the
economic value of South Fujian is 1,100 yuan/h·m2
in the early stage, 16,000 yuan/h·m2 in the middle
stage and 3,6000 yuan/h·m2 in the later stage. In the
case of poor site conditions, the economic value of
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Southern Fujian is less than 1 yuan/h·m2 in the
early stage, 7,000 yuan/h·m2 in the middle stage
and 30,000 yuan/h·m2 in the later stage. It can be
seen from Figure 6 that in the case of good site
conditions, the economic value of the early stage is
20,100 yuan/h·m2, the middle stage is 41,000
yuan/h·m2, and the later stage is 41,800 yuan/h·m2.
In the case of site conditions, the economic value of
chipi Cyclobalanopsis is 14,000 yuan/h·m2 in the
early stage, 35,000 yuan/h·m2 in the middle stage
and 38,000 yuan/h·m2 in the later stage. In the case
of poor site conditions, the economic value of chipi
Cyclobalanopsis was 6,000 yuan/h·m2 in the early
stage, 33,000 yuan/h·m2 in the middle stage and
37,000 yuan/h·m2 in the later stage. That is to say,
the economic value of Cyclobalanopsis glauca is
not affected by the site conditions.
From Figure 7, it can be seen that in the case
of good site conditions, the economic value of
Cinnamomum camphora in the early stage is 9,000
yuan/h·m2, in the middle stage is 61,000 yuan/h·m2,
and in the later stage is 98,000 yuan/h·m2. In the
case of site conditions, the economic value of
camphor in the early stage is 1,000 yuan/h·m2, that
in the middle stage is 42,000 yuan/h·m2, and that in

Fresenius Environmental Bulletin

the later stage is 90,000 yuan/h·m2. In the case of
poor site conditions, the economic value of
Cinnamomum camphora is 500 yuan/h·m2 in the
early stage, 21,000 yuan/h·m2 in the middle stage
and 58,000 yuan/h·m2 in the later stage. It can be
seen that the economic value of Cinnamomum
camphora is greatly affected by the site conditions,
and it is also immeasurable by the age. It can be
seen from Figure 8 that under different conditions
that in the case of good site conditions, the
economic value of Taxus in the early stage is 7,800
yuan/h·m2, in the middle stage is 59,000 yuan/h·m2,
and in the later stage is 88,000 yuan/h·m2. In the
case of site conditions, the economic value of
Taxus chinensis is 1,200 yuan/h·m2 in the early
stage, 38,000 yuan/h·m2 in the middle stage and
88,000 yuan/h·m2 in the later stage. In the case of
poor site conditions, the economic value of Taxus
chinensis is 1,100 yuan/h·m2 in the early stage,
19,000 yuan/h·m2 in the middle stage and 47,000
yuan/h·m2 in the later stage. It can be seen that the
economic value of Taxus chinensis is greatly
affected by the site conditions, and it is also
immeasurable by the age.

FIGURE 6
Prediction of the economic value of Chipi Qinggang per unit area under different conditions in the
next 50 years

FIGURE 7
Forecast of economic value of camphor per unit area in the next 50 years under different conditions
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FIGURE 8
Forecast of the Economic Value of Taxus chinensis per Unit Area in the Next 50 Years under Different
Conditions
TABLE 1
Changes of the input-output ratio innext 50 years under different interest rates
Years
10
20
30
40
50

Input-output ratio
0
1:1.2
1:2.9
1:4.8
1:5.9
1:6.4

3%
1:1.0
1:1.8
1:2.2
1:2.0
1:1.7

7%
1:0.8
1:0.9
1:0.8
1:0.5
1:0.3

FIGURE 9
Environmental benefits of different tree species and forest stages
increase, and the time when I/O coefficient reaches
the maximum value also continues to increase,
which shows that only I/O ratio is considered. With
the increase of discount rate, the shorter the project
duration, the easier to obtain greater economic
benefits.

Economic benefit calculation based on
input-output ratio method. The changes of inputoutput ratio in the next 50 years under different
interest rates are shown in Table 1. It can be seen
that the initial input-output ratio of these three
interest rates is very low, and the growth rate will
slow down over time. If the interest rate is 0, the
I/O ratio increases and there is no maximum. It can
reach 1:6.7 at the end of the cycle. If the interest
rate is 3%, the I/O ratio will peak after 35 years and
then decline to 1:1.5 at the end of the 6% period.
After 20 years, the input-output coefficient reaches
a maximum of 1:0.9 and then decreases. At the
same time, the value of discount rate continues to

Water conservation benefits. Because the
environmental benefits of different forest ages are
different, the environmental benefits of different
tree species and forest ages are calculated in this
paper. According to Figure 9, it is not difficult to
see that the highest values of South Fujian, red skin
Cyclobalanopsis, sandalwood and Taxus occur in
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mature forest and over mature forest period, which
are divided into 1.18hm3, 0.99hm3, 0.9hm3 and
1.3hm3. According to Figure 9 and the afforestation
areas of the above four species, i.e. Southern
Fujian, red skin Cyclobalanopsis, sandalwood and
Taxus, we can calculate their water conservation
value in the next 50 years.
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After 20 years, the value of Cinnamomum
camphora's soil conservation suddenly increased in
a straight line, exceeding that of all other tree
species. In the past 30 years, the soil conservation
value of Cinnamomum camphora decreased to 600
million yuan, and maintained a relatively stable
development trend. At this time, the slowly
growing is Taxus, from 0.4 in 30 years to 1.3 in 50
years. Other development trends, such as Minnan,
camphor and Taxus, remain unchanged in 40-50
years.

Soil conservation benefits. The annual
protection soil value per unit area of different tree
species and different forest ages is shown in Figure
10. It is not difficult to see that the highest annual
soil conservation value per unit area of South
Fujian, chipi Cyclobalanopsis, sandalwood and
Taxus occurs in mature forest and over mature
forest period, which is divided into 0.18hm3,
0.17hm3, 0.16hm3 and 0.22hm3. At the same time,
with the increase of forest age, the soil conservation
value of Cyclobalanopsis glauca increased slowly,
and the other three species increased rapidly.
According to Figure 10 and the afforestation area of
four species in South Fujian, Cyclobalanopsis
glauca, sandalwood and Taxus, the conservation
soil value of different species in 50 years can be
calculated, as shown in Figure 11.
As can be seen from Figure 11, the
conservation value of Cinnamomum camphora and
Taxus chinensis in the early stage is not obvious.

Calculation of ecological benefits based on
input-output ratio method. Table 2 shows that the
initial input-output ratio of these three interest rates
is very low. In the early stage, I/O ratio increases
rapidly with age. In 30 years, growth slowed. If the
interest rate is 0, the I/O ratio increases and there is
no maximum. At the end of the period, it can reach
1:1.3. If the interest rate is 3%, the input-output
coefficient reaches the maximum value at 50, 27:4.
At the same time, the discount coefficient more
obviously depends on the discount rate. With the
increasing of discount rate, the time for I/O ratio to
reach the maximum value is also increasing, which
shows that only I/O factor is considered. The higher
the discount rate, the shorter the project duration,
the easier to obtain higher environmental benefits.

FIGURE 10
Annual soil conservation value per unit area of different tree species and forest ages

FIGURE 11
Soil value of different tree species in the next 50 years
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TABLE 2
Changes of the input-output ratio innext 50 years under different interest rates
Input-output ratio
0
1:2.1
1:6.3
1:12.2
1:19.4
1:27.4

Years
10
20
30
40
50

3%
1:1.7
1:4.0
1:5.7
1:6.7
1:7.0

7%
1:1.4
1:2.2
1:2.1
1:1.7
1:1.2

TABLE 3
Changes of the input-output ratio innext 50 years under different interest rates
Years
10
20
30
40
50

Input-output ratio
0
1:3.3
1:9.3
1:16.9
1:20.9
1:29.6

3%
1:2.7
1:5.8
1:7.9
1:8.4
1:8.8

7%
1:2.2
1:3.1
1:2.9
1:2.6
1:1.9

of all other tree species. In the past 30 years, the
soil conservation value of Cinnamomum camphora
decreased to 600 million yuan, and maintained a
relatively stable development trend. At this time,
the slowly growing is Taxus, from 0.4 in 30 years
to 1.3 in 50 years. (3) In the early stage, I/O ratio
increases rapidly with age. In 30 years, growth
slowed. At the end of the period, it can reach 1:1.3.
At the same time, the discount coefficient more
obviously depends on the discount rate. With the
increasing of discount rate, the time for I/O ratio to
reach the maximum value is also increasing. (4)
The input-output ratio is low in the initial value
range, and gradually increases with the increase of
years. According to the development trend , the
proportion of 3% is the largest in 50 years and 7%
in 20 years. At the same time, the discount rate also
has a significant impact on the input-output ratio.
The results show that the shorter the project
duration is, the easier to obtain higher economic
benefits with the increase of the discount rate when
only considering the input-output ratio.

Calculation of comprehensive benefit based
on input-output ratio method. The comprehensive
benefit calculation based on the input-output ratio
method is shown in Table 3. It is not difficult to see
that the input-output ratio has a lower value range
at the initial stage and increases gradually with the
increase of years. According to the development
trend in Table 3 above, the proportion of 3% is the
largest in 50 years and 7% in 20 years. At the same
time, the discount rate also has a significant impact
on the input-output ratio. With the increase of
discount rate, the time point when the input-output
ratio reaches the maximum value is also advanced.
The results show that the shorter the project
duration is, the easier to obtain higher economic
benefits with the increase of the discount rate when
only considering the input-output ratio.

CONCLUSIONS
This paper evaluates the investment benefits
of regional ecological afforestation projects under
the guidance of green sustainable development, and
the following conclusions can be obtained: (1) The
initial input-output ratio of the three interest rates is
very low, and the growth rate will slow down with
time. If the interest rate is 0, the I/O ratio increases
and there is no maximum. If the interest rate is 3%,
the I/O ratio will peak after 35 years and then
decline to 1:1.5 at the end of the 6% period. After
20 years, the input-output coefficient reaches a
maximum of 1:0.9 and then decreases. With the
increase of discount rate, the shorter the project
duration, the easier to obtain greater economic
benefits. (2) In the early stage, the conservation
value of Cinnamomum camphora and Taxus
chinensis was not obvious. After 20 years, the value
of Cinnamomum camphora's soil conservation
suddenly increased in a straight line, exceeding that
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LANDSCAPE DISTRICT BASED ON
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practice, following the rules, and ensuring the
quality of the building, can the artificial structure
and nature be perfectly combined, thereby creating
a garden building that combines beauty, art, and
human wisdom [2]. Landscape planning and design
must be combined with reality and proceed from
reality. For example, to increase the usage rate of
the garden by the residents, the garden cannot be
used as a display. It is necessary to improve the
infrastructure for citizen activities in the garden,
such as chairs, sports facilities, small activity
squares, etc [3-6]. In the design, the accessibility of
the entire garden needs to be considered to make it
more usable. Garden landscape design cannot only
focus on pictures or imaginary effects, but from the
actual use, combined with the local human
landscape and human history and culture,
fundamentally integrate architecture, humanities
and nature.
The construction of smart communities in
many cities is not designed according to objective
laws, which leads to many problems in garden
landscapes. People pay too much attention to the
development of science and technology and
housing construction and ignore the construction of
ecological garden landscapes [7]. With the
development of the real estate economy, most real
estate companies recognize that landscape design
can increase their economic income and regard it as
a more important selling point. Because of this, the
concept of green communities and the concept of
ecological communities are beginning to become
popular, but some development companies have
used speculative techniques to excessively seek the
westernization of landscape design, which has
caused many criticisms [8].
The integration of "smart" energy community
construction and ecological garden landscape
design concepts often uses natural landscapes with
local characteristics [9,10]. This is an important
part of the residential environment planning and is a
highly integrated landscape performance of the
natural
environment
and
the
residential
environment. This not only reflects the regional
characteristics of the local landscape structure, but
also meets the need for humans to be close to
nature, effectively improving the ecological
environment of human residential areas. It should

ABSTRACT
The overall environment of the residential area
is an important reason for people's choice of
residential area. On the basis of people's pursuit of a
healthy lifestyle and a higher demand for the
quality of the living environment, the garden-like
landscape area has emerged. The garden-style
landscape area provides residents with a beautiful
landscape environment, and provides sound and
complete public service facilities, and demonstrates
the cultural heritage in the landscape. It is the first
choice for the pursuit of a green living
environment. This paper takes the green space
construction of a residential area in Harbin, China
as the research object. Through the overall analysis
of the urban garden and green space system, 8
representative residential areas are selected, from
the aspects of site space, landscape water body,
plant species, and facilities materials in the
residential area. Research and analysis are
conducted, and the current problems in the
construction of eco-friendly gardens and green
spaces in residential areas are summarized. Finally,
taking the landscape design of Moon Bay district in
Harbin as an example, we comprehensively apply
the strategies of eco-friendly garden landscape
design from all aspects, and build an ecologically
livable environment, in order to achieve the goal of
eco-friendly garden construction.

KEYWORDS:
Residential area, living environment, landscape, public
service, green, eco-friendly

INTRODUCTION
Garden landscape design is an architectural art
that combines architectural beauty and nature. It not
only has extremely high requirements on the quality
of the building itself, but also requires extremely
high control and management capabilities for onsite construction, without destroying the original
natural geography [1]. Under the premise of
environmental characteristics, carry out construction projects. Only by fully implementing it in
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be noted that the design of modern residential areas
should reflect the people-oriented planning
principles, and the specific landscape design
methods should be appropriate [11]. It must be able
to achieve the equivalence between people and
landscapes, in line with people’s desire to return to
nature, in other words They must be
environmentally friendly, and the natural ecological
beauty of the human settlement should be reflected
in the introduction of natural ecological landscapes;
on this basis, they must be able to meet people’s
needs for various outdoor functional characteristics
such as comfort and safety [12-15]. Therefore, it is
of great significance for landscape design to carry
out more in-depth and detailed analysis and
research in terms of design concepts and expression
techniques. In this paper, taking the landscape
design of Moon Bay district in Harbin as an
example as an example, we analyze how to better
integrate the construction of "intelligent" energy
community and ecological garden landscape design,
and apply the strategies from all aspects to achieve
the goal of eco-friendly garden construction.
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greening area of the community as much as
possible, reduce the concrete coverage as much as
possible, and achieve more than 60% of the
greening of public green space, and the greening
area accounts for more than 35 square meters of
residential area [17]. Secondly, the following points
need to be achieved: first, to increase the basic
leakage value of the community; second, to
improve the basic drainage capacity of the
community; third, to use green space for
community drainage design, adhere to energysaving, water-saving, low-emission design, and
actively deploy Renewable non-polluting energy
sources such as solar energy and wind energy. In
the case of heating and ventilation, the design of the
building should be reasonable, introduce natural
ventilation as much as possible, make full use of
natural light sources, rebuild the water purification
system and rainwater collection system, and use
rainwater to save water resources, such as designing
a low-water interconnection system [18]. The
stream can be properly deployed in the small area,
which can not only increase the community
landscape, but also play a role in drainage and
water resources reuse. Water resources are irrigated
using green space irrigation technology in
residential areas to avoid serious waste of water
resources by large-scale irrigation systems. The
model diagrams of traditional residential areas and
"smart" energy communities are shown in Figures
1.

MATERIALS AND METHODS
This paper uses the macro and micro design
methods to design the smart community according
to the five principles of smart community design
diversification, integrity, humanity, aesthetics, and
ecology. The macro method is mainly the method
of restoring natural landscape and the method of
creating man-made landscape. The method of
restoring natural landscape is to use "nature as
skeleton" and other landscape elements arranged
reasonably around the skeleton to actively create a
good living environment. Establish an artificial
ecological landscape model to build a smart
residence that combines business, entertainment,
and education. The microscopic method is mainly
to design the details such as the sight of vegetation,
the sight of garden road, the sight of paved ground
and the waterscape system of residential area [16].
Principles for constructing "smart"
communities.
Compared
with
traditional
communities, the construction of "smart" energy
communities based on the concept of ecological
garden landscape design needs to pay more
attention to coordination, and it is necessary to
build a symbiotic environment between people and
nature in the residential area, so that residents can
experience nature in this way. Residents live in the
community and there is a need to improve the
living environment, cultural taste and natural taste.
Building an intelligent ecological community needs
to create a good environment that integrates people,
nature and architecture. In terms of ecological
community greening, it is necessary to increase the

FIGURE 1
The model of traditional residential areas
and "smart" energy communities

RESULTS AND DISCUSSION
Overview of the target area and construction effect. According to its own topography and
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geomorphology, Harbin has constructed a green
space layout structure of "one axis, one circle, one
center, three corridors and multi-core network" as
shown in Figure 2. In 2019, the Heilongjiang Provincial Government launched a series of protection
and control projects, including the wind and sand
source control project and the conversion of farmland to forests, ecological conservation area management, and comprehensive management of the
upper Qingshui River. Many projects, such as
highway ecological corridors, ecological protection
and restoration of shallow mountainous areas, and
greening of barren hills, have achieved initial results [19].
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Problems and shortcomings. At present, the
three major indicators of green space rate in builtup areas in the main urban area, green coverage rate
in built-up areas, and per capita park green area
have reached 28.35%, 35.42%, and 8.6 square meters per person respectively, failing to meet the
national ecological garden city standards, as shown
in Table 1. Urban development and major demolition and construction projects are still in progress
[20]. The construction area has been increased by
digging mountains and filling ditches and flattening
the land, digging lakes and hills for garden landscape construction, dams are built in various places,
and water storage is reduced, causing some of the
moorings to dry up. Obstruct the construction of
urban ecological strategies.
TABLE 1
Three greening indicators

28.35
35.42

Hebei
province
35
40

35
40

8.6

12

10

Indicator

Harbin

urban area
green coverage rate
per capita park
green area

Country

Saving land, soil and water. In terms of land
saving, comprehensive land management and
mountain ecological restoration projects have begun construction, such as afforestation of the mountain in the mining area, restoration of shrub planting
on the slope of the mountain to prevent soil erosion
[21]. Harbin’s greening construction has changed
from the previous pursuit of lawn heat to tree planting. At the same time, climbing plants are used for
vertical greening of retaining walls, corridors, fences, etc., and green roofs and green buildings are
also constructed simultaneously. However, there
are still gaps in the three-dimensional greening
construction. The amount of green planting per unit
area is insufficient, and the layout of green space in
the old city is small and uneven. How to maximize
the amount of green in the limited space of the city
and realize the comprehensive ecological function
of maximum greening becomes a problem [22,23].
In terms of soil saving, the repeated use of
piled soil in foundation pits has improved the soil
utilization rate, and the greening of mountains,
wind prevention and sand fixation, and strengthening of soil erosion control projects also have obvious control effects. At the same time, there is the
problem of using guest soil to shape the landscape
topography, which destroys the original natural
ecological texture and causes soil loss; in the construction of green spaces, the protection of the top
soil is not emphasized, and the top soil and the
lower soil are mixed to reduce the soil The usage
rate and other issues [24].
In terms of water saving, wetland protection
planning measures and anti-seepage measures are
being implemented, such as the use of mulch when

FIGURE 2
Landscape visual area of public green˄showed in gray region˅
land˄
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planting plants or farmland to reduce water evaporation, while paying attention to the treatment of
residual film; construction of catchment ditches,
small pond dams, and small water cellars In all
regions, the investment is low, the construction is
simple, and the water quality is guaranteed, so as to
ensure the water problem in water-scarce areas. In
terms of irrigation methods, most areas in Harbin
still use traditional artificial flood irrigation methods for green space construction, especially in
summer, when plants have a large demand for water, and the average annual rainfall is about 300 ml
and the annual average evaporation is about 1200
ml, as shown in Table 2. Flood irrigation with waterwheels is still the mainstream of greenbelt
maintenance. Some places continue to use selfprovided wells and motor-driven wells for irrigation
of farmland and shelterbelts, causing serious overload of groundwater. Although sprinkler irrigation
and drip irrigation have begun to be used, they are
not popular. Single planting failed to form an elastic ecosystem of plants [25].
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tional backgrounds, and different occupations in
each residential community, the selection of factors
such as the beauty and pleasure of the community
landscape reflects the residents’ feelings about the
community landscape. Many survey objects belong
to For non-professionals, there are some subjective
factors of the survey subjects.
According to the summary statistics of the
questionnaire, the communities with higher evaluation indicators are Longxingrun City and Lingxiu
City, which are built in the community with comfortable activity spaces, diverse plant species, rich
colors, well-managed vegetation, and pleasant ecological benefits. The results are obtained on the
basis of the residents’ body and mind; the other
community evaluation index results are based on
the Diamond Garden, Phoenix City, Rongchen
Manor, Fujie Courtyard, Fengshu Town, Tianhe
Jun layer, Meiju Lijing Garden, Longteng Garden,
Kyoto Garden, Qingyuan Commercial and Residential District. The result of people's evaluation is
inseparable from whether the activity space of the
community is reasonable, whether the supporting
facilities are complete and the plant configuration is
beautiful, the richness of the plants and the ecological localization are inseparable. In addition, the
property management in the community also plays
a very important role. The quality of management
determines the overall effect of the later landscape.
Therefore, these factors through the questionnaire
survey reflect the basic degree of the interior view
of the community on certain issues.

Questionnaire analysis. Residential green
space should not only meet the ecological functions
but also take into account the human use functions,
providing people with basic places for rest and
entertainment. Through the analysis of the questionnaire results, the comprehensive average value
of the community is calculated, and the curve is
drawn as shown in Figure 3. In a selective survey of
different genders, different ages, different educa-

TABLE 2
Harbin monthly rainfall and evaporation
Month
Rainfall/mm
Evaporation/mm

1
3.5
35.8

2
4.2
70.3

3
10.3
116.7

4
24.6
224.8

5
34.6
262.3

6
71.3
267.8

7
97.2
254.7

FIGURE 3
Questionnaire curve analysis
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8
86.7
197.2

9
55.6
140.3

10
20.2
102.8

11
6.3
81.4

12
2.4
53.7
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Site space analysis. The public activity venues in the residential area are rich in space, including children's play activity space, youth activity
space and elderly fitness activity space. These public venues gather residents and enrich their daily
activities. They are places for residents to relax and
provide venues for residents to communicate. In
order to save space and space, many communities
combine children's play with the elderly's fitness
space, but there are few types of children's amusement facilities. At the same time, in order to save
money and limited venue space, less consideration
is given to youth activities. In the process of investigating the community, it was found that only the
Diamond Garden community provides small basketball courts for young people, and the remaining
very few communities have a few table tennis and
badminton courts.
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and hosta. In order of plant species diversity, the
order is Longxing Runcheng, Rongchen Manor,
Lingxiu City, Tianhe Jun layer, Meiju Lijing Garden, Diamond Garden, Phoenix City, Fujie Courtyard, Fengshu Town, Longteng Garden , Kyoto
Garden, Qingyuan Commercial and Residential
District. Some communities have just built ecological benefits, but the later management and maintenance cannot keep up, resulting in insufficient plant
nutrients and difficulties in acquired growth, which
affects the green landscape effect of the community.
Restore the ecological nature of the natural
landscape. The landscape ecosystem of the community includes natural and artificial ecosystems,
and there is a big difference between them. The
natural ecosystem has the functions of selfprotection and self-regulation. Artificial ecosystems
have dynamic variability and regional characteristics. Affected by external factors, artificial ecosystems are more unstable and unbalanced than natural
ecosystems [26]. This requires external manual
maintenance to ensure that the system is relatively
stable and balanced. Therefore, the purpose of ecological landscape design in residential areas is to
make full use of the natural ecological environment,
reduce damage to the natural ecological environment, and prevent deterioration of the ecological
environment in residential areas. The ecological
essence of natural landscapes is to restore natural
landscapes, which usually take “nature as the skeleton” and rationally arrange other landscape elements around the skeleton to actively create a good
living environment.

Landscape water analysis. Waterscape has
an active spatial atmosphere and at the same time
increases the diversity of the community landscape.
The residential communities in Harbin use artificial
waterscapes with a small scale. The main forms are
fountains, landscape drops, pools, and streams.
There are small water landscapes in the surveyed
residential quarters, which shows that residents like
landscapes with water. However, in the survey, it
was found that except for the water bodies of
Longxingrun City, which attracted more people
every day, the rest of the community had fewer
people with water views. The waterscape of
Longxingrun City is made of ecological revetment,
and has a hydrophilic platform; although the fountain waterscape of the other communities is very
beautiful, each site with a waterscape uses a rigid
revetment, without a hydrophilic platform, and
there is Please keep away from electricity. As a
result, waterscapes in many communities fail to
fully function, waste funds and site space, and affect the ecological environment of the communities.

Artificial landscape ecological pattern. As
the main place for people to live and activities,
smart communities must strive to achieve the harmony and unity of man and nature, creating beautiful natural landscapes while reflecting the harmonious coexistence of man and nature. Therefore,
smart communities must introduce methods to create artificial landscape ecological patterns. The
specific method is to actively build an artificial
ecological landscape model around the needs of life
and activities, and establish a "smart residential
area" that combines commerce, entertainment and
education. The creation of man-made landscapes
should be realized through the efficiency and rationality of the overall layout of residential areas.

Plant species analysis. Based on field surveys
of plants in the surveyed residential quarters, a total
of 55 species of green plants in residential quarters
in Harbin have been counted. It can be seen from
the results that there are 7 species of evergreen trees
in the greening plants of the investigated community, including spruce, Chinese pine, white bark pine,
and arborvitae; 15 species of deciduous trees, including ginkgo, white poplar, Xinjiang poplar,
weeping willow, and Chinese locust; evergreen
shrubs 3 species, including golden-leaf cypress,
staghorn cypress, and cypress; 12 species of deciduous shrubs, including red rums, bauhinia, yellow
thorn rose, etc.; 7 species of ground cover vines,
including sand cypress, paving cypress, wisteria,
etc.; herb There are 7 kinds of flowers, including
hollyhock, Babao sedum, rudbeckia, etc.; 4 kinds of
turf grass, including Poa, Bison grass, Ophiopogon

Design of vegetation view. A plant community refers to a collection of plants, these plants are
composed of specific plant species, they have a
specific appearance and structure, and a specific
relationship with the environment, and perform
specific functions within a specific time and space.
The structural characteristics of plant communities
can be expressed as space (vertical and horizontal
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structure), and can also be expressed as life forms.
It reflects the relationship between plants and plants
or between plants and the environment in a given
time and space. Because the climate of plant communities and residential areas can create a complete
ecosystem, ecological plant communities have a
more lasting viability than artificial plant communities. It is usually embodied in the form of a shrub
layer and a multi-layered community composed of
herbs and ground cover. Although this structure can
meet ecological needs, it ignores the needs of residents in terms of aesthetics and activities. Therefore, the structure of plant communities in ecological residential areas is based on the characteristics
of the ecological structure of the species. Choose
plants wisely to avoid competition between species,
thereby forming a reasonable structure, healthy
functions, stable populations and complementary
species. A multi-layered community structure to
create a vibrant, anti-disturbance ecological environment system, as shown in Figure 4.
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plane curve and a vertical curve. The design of the
plane curve includes specifying the width of the
road, the radius of the plane curve and the extension
of the curve; the construction of the vertical curve
includes the vertical and horizontal slopes, bends
and road elevations. The linear design of the park
road should fully consider the needs of land development, and the original site should be used as
much as possible to ensure stability and reduce the
amount of earthwork, as shown in Figure 5.

FIGURE 4
Design based on vegetation view
Design of Garden Road Horizon. The park
road is an important factor that constitutes the ecological landscape of the intelligent community. It
not only plays the role of organizing traffic, organizing space, gathering and distributing people, but
also guiding and decorating. Garden roads in ordinary residential areas can be divided into main
roads, secondary roads, tree-lined roads, riverside
roads, and leisure trails. According to the surface of
the park road, the materials can be divided into
concrete, traditional stone, brick, ceramics, etc.
According to the layout of the residential area,
topography and landscape, the layout of garden
roads can be divided into: natural, conventional and
mixed. The three elements of park road design
include linear design, structural design and pavement design. Linear design: According to the overall layout of the park road, it can be divided into a

FIGURE 5
Design of decorative garden road
Design of pavement horizon. Paving stones
are an important part of the landscape of residential
areas, and the rich shapes, colors and textures of
hard paving stones are used in the design, and softening is usually used to minimize the waste of
ecological system and energy damage. The combination of cobblestone and hard pavement, such as
the method of planting grass between floor tiles,
can promote the growth of plants and the penetra-
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tion of rainwater. The material used for the porous
surface is usually made of asphalt and concrete,
which removes fine particles, retains a certain
strength, and leaves drainage gaps. It is suitable for
small parking lots and busy roads. In addition to
porous asphalt and concrete, the infiltration system
also includes lattice blocks. Under normal circumstances, these lattice blocks not only support the
operation of the vehicle, but also provide free space
for drainage and plant growth. Because there is
grass between the bricks, checker bricks are often
used for fire escapes. When constructing a permeable pavement, it should be noted that the base layer
of the permeable pavement cannot use concrete to
prevent it from losing permeability. Generally, sand
and gravel with high water permeability are used as
base materials, as shown in Figure 6.
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in residential areas usually focuses on aesthetics,
and post-processing is often ignored. With the passage of time, the waterscape is prone to lack of selfcleaning function and penetration of foreign objects, resulting in the water quality becoming turbid
and smelly. This will not only affect the landscape
of the community, but also damage the image of the
community, and even endanger the lives of residents. At present, the solution to this problem is to
change the water frequently and directly replace it
with fresh water, but this not only does not save
valuable fresh water resources, but also leads to
high maintenance costs. The recycling method of
rainwater and backwater system effectively solves
this problem, which is very important for the ecological environment design of smart communities.

CONCLUSIONS
Based on a large number of conservationoriented garden concepts, this paper analyzes the
problems in the construction of conservationoriented gardens in residential areas from the ecological field, and proposes countermeasures that are
suitable for residential area landscape design under
the concept of conservation-oriented gardens, and
uses them in the community landscape design. The
main conclusions can be drawn as follows: (1) The
construction of "smart" communities needs to be
based on the five principles of diversification, integrity, humanity, aesthetics, and ecology. (2) From
a macro perspective, the landscape environment of
the ecological residential area should be closer to
the natural environment, so as to ensure the sustainable development of the ecological residential area.
At the same time, the construction of "smart" communities needs to actively focus on the needs of life
and activities, and build "smart residential areas"
that combine commerce, entertainment and education. (3) From a micro perspective, the design of
vegetation horizons should choose plants wisely to
avoid competition between species, so as to form a
reasonable structure, healthy functions, stable populations and complementary species. The design not
only has the function of organizing traffic, organizing space, gathering and distributing people, but
also guiding and decorating; the design of the
pavement horizon needs to pay attention to the
choice of materials, and minimize the impact on the
ecosystem and energy Damage and waste.

FIGURE 6
Design of paving and grass bricks
Adopt the rigid and intermittent paving method of plants and lawns. The method has certain
pressure resistance, can also drain water, and
achieves aesthetic and ecological effects at the
same time. Using the above stacking method not
only leaves gaps or pits for plant growth, but also
increases the green area of the smart community,
improves water circulation and improves the ecological environment. At the same time, it can adjust
the temperature of the floor to improve the comfort
of residents. The grass-wood brick is an ecological,
water-permeable paving material, which combines
hard and soft paving and has high pressure resistance. The grass planting net can also be recycled, has a certain degree of UV resistance and
imprinting ability, and is suitable for dry and hot
areas.
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Design of waterscape system in residential
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SPATIAL AND TEMPORAL MAPS IN REFERENCE
EVAPOTRANSPIRATION IN CHAD
Cihan Karaca, Hisseine Mahamat Allamine*, Dursun Buyuktas
Department of Agricultural Structures and Irrigation, Faculty of Agriculture, Akdeniz University, Antalya, Turkey

floods and droughts, widespread poverty, frequent
civil war and the rapid population growth [2]. Chad
is facing interconnected humanitarian crises in the
context of chronic poverty and low economic
development. The security situation in neighboring
countries has led to large population movements into
Chad, as well as an internal displacement for several
years. Millions of people are affected by food
insecurity and malnutrition, especially in the Sahel
belt, and this situation is likely to worsen during the
lean season (June- September). Due to lack of
funding, 212,000 people in crisis-affected areas do
not have access to safe drinking water and adequate
sanitation. This situation increases the risk of
waterborne diseases and malnutrition [3].
Agricultural production is based on rain since
there is insufficient funding in Chad. However,
irrigation systems have become mandatory to feed
the growing population, to use water resources more
effectively and to ensure diversity in agricultural
production. Evapotranspiration values are required
for the selection of the correct irrigation system and
irrigation scheduling. FAO 56 model, which is based
on reference evapotranspiration (ETo) and crop
coefficient (kc) in order to determine crop
evapotranspiration (ETc= ETo x kc), is accepted by
the authorities as the standard and most accurate
model. The major limitation of the FAO-56 PM
model is that it requires many meteorological inputs,
thereby limiting its utility in data-sparse areas.
Moreover, it is expensive to equip meteorology
stations to measure these climate data, especially in
developing countries [4].
Computer models, e.g. hydrological models,
are one of the key components in determining
effective policy and estimating the impact of water
management. Many of these models require gridded
information on meteorological variables such as
evaporation and precipitation [5]. Arc GIS software
provides geostatistical tools to create surfaces from
sample data (TCI value of stations) using
interpolation methods such as inverse weighted
distance, radial-based functions, global and local
polynomials, kriging, co-kriging, and isotropic or
anisotropic models. Kriging is known as the best
linear unbiased estimator amongst all interpolation
methods [6]. In a spatial context, interpolation is the
process of estimating a variable at unmeasured
locations using surrounding locations that do have a

ABSTRACT
Millions of people living in Chad are affected
by food insecurity, malnutrition and water scarcity.
For this reason, diversification of agricultural
cultivation and existing water should be used more
efficiently. Irrigation is one of the most important
cultural practices in agricultural cultivation.
Determination of the evapotranspiration values of
crops is important in irrigation system planning and
irrigation
scheduling.
Estimation
of
evapotranspiration with meteorological data is the
most widely used method. However, in the least
developed countries such as Chad, climate data is not
always available. For this reason, in this study, it was
aimed to create temporal and spatial maps in order to
determine reference evapotranspiration values,
which is an important parameter in estimating crop
evapotranspiration values, more easily. These maps
showed that the reference evapotranspiration
increases from the Sudanese savannah zone to
Sahara (desert) zone. It is thought that temporal and
spatial maps will be beneficial for regional farmers
as diversification of agricultural production and the
use of irrigation systems are expected to increase in
the future.

KEYWORDS:
ETo, ETc, GIS, Semi-Arid Region

INTRODUCTION
United Nations (UN) population projections
show that the Sub-Saharan Africa population, which
is 1 066 million, is expected to be 1400 million in
2050 and 3 775 million in 2100 [1]. Sub-Saharan
Africa’s population is growing at 2.7% per year,
which is faster than South Asia 1.2% and Latin
America 0.9%. These data show that the
demographic trends in Africa face a major
population explosion in the near future. If the current
growth rate continues, Africa's population is
expected to double by 2050 [1]. That would be 2.5
billion people, meaning more than a quarter of the
world’s population would be in Africa.
Chad is one of the poorest countries in the
world. Chad’s major problems include a high risk of
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measurement of that variable [5]. Previous
researches have demonstrated that kriging is a better
interpolation method with high accuracy and low
bias compared to other methods [7–9].
In this study, it was aimed to determine ETo
with climatic data obtained from different regions of
Chad and to create temporal and spatial maps using
these data.

Fresenius Environmental Bulletin

CropWAT software developed by FAO [11] was
used to calculate ETo values in the study. These ETo
values from measurement points in different
locations were used to create a continuous surface by
using the Kriging tool of the ArcGIS Spatial Analyst
module. Spatial ETo maps for each month were
created using this method. In order to prepare spatial
maps with high accuracy, data from 12
meteorological stations belonging to Chad and 20
different meteorological stations belonging to 6
different countries neighbor to Chad were used and
the information on these stations was given in Table
1.
A GIS software package ArcGIS (Pro 2.5.2)
Spatial Analyst Tools-Ordinary Kriging extension
was used to map, query, and analyze the data in this
study. The spherical model was used among the
variogram models for kriging applications.
Kriging assumes that the distance or direction
between sample points reflects a spatial correlation
that can be used to explain variation in the surface.
Kriging is most appropriate when you know there is
a spatially correlated distance or directional bias in
the data. It is often used in soil science and geology
[12]. The formula for the Kriging model is given in
Equation 1.

MATERIALS AND METHODS
Chad is in north-central Africa, lying between
latitudes 7° and 24°N, and longitudes 13° and 24°E.
The country is bounded to the east by Sudan, to the
west by Niger, Nigeria and Cameroon, to the north
by Libya and to the south by the Central African
Republic (Figure 1(a)). Chad is divided into three
regions: a Sahara (desert) zone in the north, an arid
Sahelian belt zone in the center and a more fertile
Sudanese savannah zone in the south (Figure 1(b)).
In general, the country weather is always hot, each
year a tropical weather system known as the
intertropical front crosses Chad from south to north,
bringing a wet season that lasts from May to October
in the south, and from June to September in the
Sahel.
The long-term average climate data required in
the study were obtained from the CLIMWAT 2.0
software. CLIMWAT provides long-term monthly
mean values of seven climatic parameters, namely:
mean daily maximum temperature, minimum
temperature, relative humidity, wind speed, sunshine
hours per day, solar radiation and rainfall [10].

ᐔ(ݏ ) = σே
ୀଵ ߣ ܼ(ݏ )

(1)

Where; Z(si) is the measured value at the ith
ORFDWLRQȜi is an unknown weight for the measured
value at the ith location, so is the prediction location
and N is the number of measured values.

FIGURE 1
Administrative regions and different climatic zones of Chad
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TABLE 1
Locations of meteorological stations in Chad and neighboring cities and ETo
values calculated by climatic data at these stations
ETo (mm day-1)
Country

Stations
Abeche

Latitude Longitude
13.85

oN

20.85o

Months
6
7

1

2

3

4

5

E

6.5

7.3

8.3

8.7

8.1

6.9

8

9

10

11

12

5.5

4.3

5.3

6.7

6.9

6.5

Am-Timan

11.03 oN

20.28 oE

5.0

5.9

6.6

6.7

6.2

5.3

4.2

3.9

4.0

4.4

4.7

4.5

Ati

13.21 oN

18.31 oE

5.3

6.3

7.3

7.3

7.0

6.5

5.6

4.3

5.0

5.8

5.7

5.3

Bokoro

12.38 oN

17.05 oE

4.9

5.6

6.5

6.4

6.6

5.7

4.7

3.9

4.3

4.8

5.0

5.0

Bol-Berim

13.43 oN

14.73 oE

6.9

8.4

9.4

9.1

8.1

7.6

6.2

4.8

5.4

7.2

8.1

7.1

Bousso

10.48 oN

16.71 oE

4.9

5.6

5.8

6.6

6.1

5.0

4.0

3.6

4.0

4.5

5.1

4.9

Faya

18.00 oN

19.16 oE

7.1

8.1

9.5

9.8

9.8

9.5

8.4

8.0

9.2

8.7

7.5

6.6

Mongo

12.18 oN

18.68 oE

6.1

6.9

7.3

6.8

6.5

5.7

4.5

3.7

4.2

5.0

5.5

5.7

Moundou

8.61 oN

16.06 oE

5.6

6.7

6.7

6.0

5.2

4.2

3.8

3.6

3.8

4.0

4.7

4.8

Ndjamena

12.13 oN

15.03 oE

5.9

7.3

8.1

7.5

7.6

6.6

5.0

4.1

4.7

5.6

6.0

5.5

Pala

9.36 oN

14.91 oE

6.3

7.6

7.9

7.2

6.3

4.9

4.0

3.6

4.0

4.6

5.4

5.8

Sarh

9.15 oN

18.38 oE

5.2

6.1

6.2

5.9

5.3

4.4

3.7

3.6

3.9

4.2

4.6

4.7

Garoua

9.33 oN

13.38 oE

4.7

5.9

7.3

7.2

6.5

4.9

4.1

3.8

4.1

4.8

5.1

4.6

oE

7.0

8.6

9.2

8.7

7.5

6.1

4.7

4.0

4.4

5.6

6.9

6.8

Chad

Cameron Maroua-Salak 10.45

Central
Africa

Libya

oN

14.25

Ngaoundere

7.35 oN

13.56 oE

4.4

5.0

4.9

4.1

3.7

3.2

2.9

3.0

3.1

3.5

4.2

4.4

Birao

10.28 oN

22.78 oE

3.9

4.4

4.9

4.8

4.8

4.3

3.8

3.6

3.8

4.1

4.2

3.9

Bossangoa

6.48 oN

17.43 oE

4.0

4.1

5.0

4.7

4.4

3.9

3.7

3.6

3.8

3.9

4.1

3.7

N_Dele

8.40 oN

20.65 oE

4.0

4.5

4.9

4.8

4.4

3.9

3.5

3.5

3.6

3.8

4.3

4.0

oE

2.7

3.4

4.6

5.9

7.0

7.8

7.8

7.5

6.3

4.9

3.5

2.8

oN

Kufra

24.21

Sebha

27.01 oN

14.43 oE

2.8

4.1

5.9

7.6

8.8

10.1

9.4

8.6

7.6

6.1

4.4

2.8

Tazerbo

25.80 oN

21.13 oE

2.5

4.1

4.9

6.0

7.0

7.7

7.4

7.0

5.8

4.5

3.1

2.6

Bilma

18.68 oN

12.91 oE

5.7

6.9

8.8

9.4

9.4

9.4

8.7

8.0

8.3

8.1

6.3

5.7

N_Guigmi

14.25 oN

13.11 oE

5.9

6.8

7.6

7.9

7.6

7.3

6.6

5.6

6.0

7.0

6.6

6.0

Maiduguri

11.85 oN

13.08 oE

6.0

7.5

8.3

8.5

7.9

6.5

5.1

4.2

4.9

6.3

6.7

6.2

Dereisa

12.68 oN

22.76 oE

5.4

5.9

7.1

6.9

6.4

5.9

4.6

3.8

4.5

5.6

5.6

5.4

Geneina

19.16 oN

30.48 oE

7.1

8.4

8.7

8.0

8.0

6.8

5.1

4.2

4.9

6.9

7.5

7.0

Mukgur

14.00 oN

32.33 oE

6.2

6.7

6.8

7.2

6.7

5.4

4.0

3.5

3.9

5.6

6.0

5.8

Dongola

12.7 oN

28.43 oE

5.9

7.0

8.7 10.3 11.5 12.1 10.3 10.7 11.3 10.1

7.5

5.8

En-Nahud

13.48 oN

22.45 oE

6.6

7.0

8.3

8.4

7.5

6.5

5.3

4.6

5.0

6.3

7.3

7.1

Ed-Dueim

11.95 oN

23.28 oE

6.7

8.0

9.3 10.3

9.8

8.9

7.3

6.2

6.9

7.1

7.8

6.8

Shambat

15.66 oN

32.53 oE

6.2

7.1

8.3

8.7

9.6

9.3

8.7

7.6

7.1

7.1

7.1

6.3

oE

5.0

5.9

7.7

7.9

8.2

9.6

8.6

7.0

7.2

7.0

6.0

5.6

23.30

Niger
Nigeria

Sudan

Shendi

16.7

oN

33.43
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January

(b) February

March

(d) April

(e) May

(f) June
FIGURE 2
Spatial and Temporal Maps in Reference Evapotranspiration in Chad
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(g) July

(h) August

September

October

November

December
FIGURE 2
Spatial and Temporal Maps in Reference Evapotranspiration in Chad (Continued)
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[18] and Pattnayak et al. [19] on the agro-ecological
classification of Chad. They reported that the agroecological map of Chad can be subdivided into three
main agro-climatic zones: the Sudanese zone in the
south, the Sahelian agro-ecological zone in the
center and the Saharan agro-ecological zone in the
north.
When the ETo values of Chad in Table 2 and
Figure 2 are analyzed, the lowest ETo values
occurred in August, which is in the middle of the
rainy season, while the highest ETo values occurred
in March and April, in the middle of the dry season.
The lowest levels of evapotranspiration were
observed in the Sudanese agro-ecological zone. In
the Sudanese savannah zone, the lowest ETo value
was determined in Sarh city in August (3.6 mm d-1),
while the highest ETo was determined in March in
Pala city (6.3 mm d-1). Annual precipitation of
around 1000 mm and an average temperature of 27
o
C [19] characterize this region. In view of the
monthly distribution of evapotranspiration in the
Sudanian agro-ecological zone, two farming systems
can be practiced during the year as rain-fed
agriculture between June and October and irrigated
agriculture between October and June.
The Sahelian region is one of the most
vulnerable areas to climate variability and change
due to the scarcity of water resources, associated
with high evaporative demand and low and irregular
rainfall [15]. According to WFP [18], the Sahelian
agro-ecological zone corresponds to all of the
Sahelian climatological zones with rainfall of the
order of 400-600 mm and Sahelo-Saharan (transition
zone between Sahelian and Sahara zone) with
rainfall of 100-400 mm. Ludwig et al. [20] evaluated
the relationship between precipitation and
evaporation in this region. He reported that until the
middle of the 21st century, evaporation would
increase as precipitation increased, but only in 2050
and afterward only evaporation would continue to
increase, however, the increase becomes smaller. In
this agro-ecological zone, characterized by average
evapotranspiration and low annual precipitation, it is
mainly possible to practice irrigated agriculture
between May and December. Although rain-fed
agriculture can be made in the south of this region,
cultivation can be diversified by investing in an
appropriate irrigation system. For this purpose, the
selection of crops with low water requirements and
tolerant to high temperatures should be considered.
The Saharan agro-ecological zone, which
presents high evapotranspiration and a scorching
temperature throughout the year, does not offer the
possibility of practicing a precise agricultural system
without great human intervention (lowering
temperatures, irrigating, etc.). However, with regard
to evapotranspiration and average precipitation, the
exception can be made in its north-western part
where it is possible to practice irrigated agriculture
between October and March.

RESULTS
The ETo values calculated using the climate
data obtained from 32 different meteorology stations
are given in Table 1, and the temporal and spatial
maps calculated from these values are given in
Figure 2.
There are very few studies on evapotranspiration in Chad. The first evapotranspiration studies
in Chad were carried out by ORSTOM (The French
Overseas Office for Scientific Research) in the early
1950s. They used Piche evaporimeter for this
purpose. In later years, the Colorado sunken pan and
Penman model were used by the same research
agency. In these studies, the pan overestimated the
open water evaporation in the winter months and
gave a better or closer estimate in the summer
months [13]. Evapotranspiration studies in Chad
were done only in the Chad Lake basin. In these
studies, the annual total evapotranspiration values in
Chad Lake changed as 2,166-2,239 mm y-1 [13]. In
this study, the annual total ETo value in the same
region was 2247 mm y-1. Therefore, the results were
compatible with previous studies.
Structural factors that affect food security in
Sahelian regions even in normal years include
degraded land and soil, low agricultural production,
poverty and limited access to safe drinking water and
sanitation [14]. Hssaine et al. [15] stated that it would
never be possible to determine actual ETo levels
across the country in Africa. However, ET and
biomass mapping would be of great benefit in
African countries, especially in the (semi) arid
region.
Karaca et al. [4,16] recommended using
climate data from the nearest meteorological station
to accurately calculate the ETo values used as basic
data to determine irrigation scheduling and crop
water requirements. However, he stated that if there
is no meteorological station in the region where the
agricultural production will be made, the temporal
and spatial ETo maps will provide ease of use in the
calculation of the crop water requirements and thus
the available water can be used effectively.
For these reasons, the analysis of the
distribution of reference evapotranspiration in Chad
was made spatially and temporally. When the
regions with different climates in Chad were
examined, the evapotranspiration map of Chad can
be divided into three distinct regions namely: the
southern
region
characterized
by
low
evapotranspiration, the central region with medium
evapotranspiration and the northern region
characterized by high evapotranspiration. The
highest ETo values were found in the Sahara (desert)
zone and the lowest ETo values were found in the
Sudanese savannah zone. These results showed that
ETo values increased from the Sudanese savannah
zone to Sahara (desert) zone. These results
corroborate with those of Nilsson et al. [17], WFP
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CONCLUSION
The results showed that ETo values increased
from the Sudanese Savannah zone to the Sahara
(desert) zone. Moreover, the lowest ETo in all
regions occurred in August, which was in the middle
of the rainy season, and the highest ETo occurred in
March and April in the dry season. The results
obtained are very important for Chad since there is
no study on evapotranspiration other than Chad lake
basin. Today, although agricultural production is
made based on rain, it is expected that agricultural
production will be diversified with future irrigation
systems. For this reason, it is thought that temporal
and spatial maps prepared for Chad will be beneficial
for the regional farmers.
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is 22 Million tones with a cultivated area around 1.6
million hectares [1]. The propagation of Peach in
China was 10 million tones which are fifty percent
of world production. Other important Peach producers countries are Italy (10%), Spain (7%), and USA
(6%) [2]. According to the estimation of Ministry of
National Food Security and Research, Government
of Pakistan, total production of Peach is 56,137 (t)
while, Punjab yields 130 (t), Khyber Pukhtunkhwa
produces 36155 (t), and Balochistan 19852 (t). There
are many issues related to this crop which decrease
its yield many folds in the country. The yield of this
important species is lower in Pakistan as compared
to advanced countries due to some factors. According to Khan et al. [3] an enormous quantity of this
valuable crop is misplaced or lost due to the postharvest phase in Swat valley, Khyber Pakhtunkhwa,
Pakistan. Multiple diseases are responsible to decrease its yield many times in Pakistan including
gummosis, cankers, crown galls, grey mold, and shot
hole diseases [4]. The increase in food mandate globally, related with unsatisfactory dispersal and the disequilibrium in the distribution. New methods are important to enhance the food products for the consumers [5]. In-vitro establishment of peach germplasm
is a difficult task due to attack of diversity of microorganism. In order to increase the survival percentage of important peach germplasm, the current
study was undertaking to develop an efficient conservation method for local peach germplasm. In current study, we have developed an efficient protocol
for the safe storage of important peach germplasm
by using different sterilizing agents in different combination with aim to produce microbe free plants
with maximum survival rate.

ABSTRACT
The aim of this study is to sterilized nodal explants of 13 Peach germplasm (Early green, Flame
crust, Spring crust, Florida king, Early grand, 669
No.2., No.2, A7, Chaki pakora, A4, 4.5, Clark king,
and A2) from diverse agro-ecological zones of Pakistan, so as to eliminate microbial contamination
and to increase survival percentage. The ex-plants
were treated with different concentrations of ethyl
alcohol, sodium hypochlorite and with double distilled water for different time periods in Murashige and
Skoog (MS) media supplemented with BAP (1mg/l).
Results showed that Ethanol 70% (1min) + Sodium
hypochlorite 28% (15min) gave 100% survival in
genotypes Early green, 669 No.2, A7, 4.5, and Clark
king as compared to control, The fungal contamination was noted in Florida king (80%), Chaki pakora
(60%), and Early green (20%) while, bacterial contamination was found in 669 No.2 (100%), Flame
crust (20%) and viral contamination was found in
Clark king (20%) when disinfected with 100%
double distilled water. The current work proved that
100 % double distilled water was not enough for surface sterilization of Peach ex-plants as fungal, bacterial, viral and combination of other potent sterilization agents are required.

KEYWORDS:
In vitro establishment, Prunus persica L., Surface sterilization, Disinfectants

INTRODUCTION
Peach (Prunus persica L.) belongs to the family Rosaceae and it grows from 4 to 10 meter which
is a deciduous tree. Worldwide production of Peach
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TABLE 1
Passport data of selected Peach germplasm
Indigenous data
Swat, Pakistan

Gilgit Baltistan

Early green
Flame crust
Spring crust
Florida king
Early grand
669 no.2
No.2
A7
A4
4.5
Clark king
A2

ChakiPakora
-

Explant collection site
BCI,
HRI,
NARC/Islamabad
NARC/Islamabad
Early green
Flame crust
669 no.2
Spring crust
No.2
Florida king
A7
Early grand
A4
4.5
Clark king
A2
-

TABLE 2
The treatment combination for sterilization
Treatment code
T0
T1
T2
T3
T4
T5

Treatment
Double distilled water
NaOCl(Sodium hypochlorite) +EtOH (Ethyl alcohal)
NaOCl
NaOCl
NaOCl
EtOH

concentraion (%)
100
28+70
15
20
25
70

Exposure time (min)
15
15+1
15
15
15
3

were transported and placed in the growth room with
a photoperiod of light/dark 16/8 hours using coolwhite fluorescent lampsat 25 ± 2°C and a light intensity of 4000 Lux led by using the protocol of
Arab et al. [8] with minor modification.

MATERIALS AND METHODS
Collection and Explants preparation. 13
Peach germplasm were collected from different areas of Pakistan (Swat and Gilgit Baltistan) and exsitu conserved in the living repository of BCI (Bioresource Conservation Institute) and HRI (Horticulture Research Institute), NARC (National Agricultural Research Centre), Islamabad (Table.1). The experiment was carried out at Plant Tissue Culture Laboratory, BCI, NARC Islamabad. Samples (apical
tips) were collected from the living repository of
BCI, NARC in the morning time. Explants sterilization was carried out by washing with running tap water for 20 to 40 minutes with some droplets of
Tween-20 and other detergents, tracked by submerging in diverse deliberations of commercial
bleach/Clorox (Sodium hypochlorite/ NaOCl) and
Ethanol (EtOH) solutions for some time in laminar
flow hood (Table. 2). Then explants were eroded
with double distilled water (100%) 3 to 5 times each
by using method of Wolella et al. [6]. Ex-plants were
cut carefully at both the ends under aseptic condition
to avoid any injury, and to increase the surface area
of absorption.

Study design and statistical analysis. For
each sterilization treatment test tubes were line up
randomly in a completely randomized design (CRD)
with five replications. Data were recorded month
wise included the number of contaminated (fungal,
bacterial, and viral), dead (browning) and survived
(healthy and clean) cultures. The data was collected
for six months and analyzed by using statistix version 8.1 and Microsoft excel.

RESULTS
Current work suggested that Ethanol 70%
(1min) + Sodium hypochlorite 28% (15mins)
showed 100% survival rate in genotypes Early
green, 669 No.2, A7, 4.5, and Clark king) in BAP
1mg/l as compared to control MS media. These genotypes survived better in first six months (Figures.17). Result also revealed that Sodium hypochlorite
(NaOCl) 20% (BAP 1mg/l) showed the best result in
starting months (Figure 2), followed by Sodium hypochlorite (NaOCl) 25% with BAP 1mg/l (Figure 4),
Sodium hypochlorite (NaOCl) 15% with BAP 1mg/l
(Figure 5) and Ethyl alcohol (EtOH) 70% with BAP
1mg/l, respectively (Figure 3). The contamination
was lower in first six months and after that, plants

Media preparation and inoculation. Explants were cultured in test-tubes containing 10 ml
of MS (Murashige and Skoog) media [7], supplemented with BAP 6-benzylaminopurine) 1mg/l, sucrose 30gm, and agar 7gm. The test tubes containing
cultured explants were sealed properly with caps and
covered with parafilm and then labeled. The cultures
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growth and development was decreased naturally
and the plants became brown. Although double distilled water (100%) treatment with BAP 1mg/l
showed higher number of contaminated explants.
Present results showed that the explants treated with
double distilled water, showed maximum contamination rate as compared to other treatments. The fungal contamination was recorded maximum in Florida
king (80%), Chaki pakora (60%), and Early green
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(20%) (Figures. 8 and 12.(a) while, bacterial contamination was found maximum in 669 No.2 (100%)
and in Flame crust (20%) (Figures 9 and 12.(b). In
addition, the viral contamination rate was higher
(20%) in genotype Clark king as compared to other
genotypes (Figures 10 and 12.(c). Some genotypes
were recorded naturally dead after sometime as compared to MS control (Figures.11 and 12.d).

FIGURE 1
Survival percentage from Month 1st to Month 6th

FIGURE 2
Survival percentage from Month 1st to Month 6th

FIGURE 3
Survival percentage from Month 1st to Month 6th
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FIGURE 4
Survival percentage from Month 1st to Month 6th

FIGURE 5
Survival percentage from Month 1st to Month 6th

FIGURE 6
Survival percentage of Peach germplasm after six-month (NaOCL (28%) +EtOH (70%)
(a) Control (b) Bap1mg/l
(1) Early green (2).Flame crust(3). Spring crust(4). Florida king(5). Early grand(6).669 no.2(7). No.2 (8). A7 (9).Chaki pakora(10).A4 (11).4.5(12).Clark king(13).A2
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FIGURE 7
Survival percentage of Peach germplasm in BAP1mg/l (NaOCL (28%)+EtOH (70%)
(a) Month 1st(b) Month 6th

FIGURE 8
Fungal contamination from Month 1st to Month 6

FIGURE 9
Bacterial contamination from Month 1st to Month 6
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FIGURE 10
Viral contamination from Month 1st to Month 6

FIGURE 11
Mortality rate from Month 1st to Month 6

FIGURE 12
Contamination load of Peach germplasm in BAP1mg/l (100% double distilled water)
(a). Fungal infection (b). Bacterial infection (c). Viral infection (d).Naturally dead
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DISCUSSION
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THE PRESENCE OF MOLD IN CHESTNUT HONEY:
IS A RISK FACTOR TO HEALTH?
Aycan Cinar*
Department of Food Engineering, Faculty of Engineering and Natural Science, Bursa Technical University, 16310, Bursa, Turkey

honey has become increasingly demanded by consumers due to its high nutritious value and phenolic
contents [1-3].
All types of honeys has been used as a natural
medicine for centuries in apitherapy. Many studies
demonstrate that it has various health-beneficial effects such as antibacterial, antioxidant, anti-inflammatory, cardiovascular and also potential therapeutic
properties in infections etc. [4]. While utilizing of
these positive effects on human health, the microbiological quality of honey should also be considered.
Therefore food safety standards should be provided
in honey production from hive to jar.
Due to high concentration of sugars, acidity,
low water activity and presence of inhibitory compounds, honey generally contains lesser microorganisms than other foods [5, 6]. The microflora of honey
consists of spore forming bacteria (mostly Bacillus
spp.), molds (commonly Penicillium and Aspergillus
spp.), and yeasts [7, 8].
Molds are the most prominent group of microorganisms known to be commonly presence in
honey. The contamination of honey with molds can
primarily occur via pollen, bees, nectar, and environmental conditions such as dust, air and soil. Besides,
after harvesting, secondary cross-contamination may
occur via people, food handlers and equipment. They
might survive by spore but do not tend to grow in
honey and this phenomenon is confirmed according
to some research and industry experience [9]. In
many research performed with different honey samples, various genera of mold were isolated such as
Aspergillus, Cladosporium, Penicillium, Alternaria,
Mucor, Acremonium, Epicoccum, Paecylomyces,
Fusarium and Pestalotiopsis [10-13].
The presence of certain mold species may constitute particular problems for the health of people
using honey [14]. Contaminated honey entering the
body through the oral route are directly exposed to
the action of gut microflora. Gut microflora is increasingly recognized as one of the factors that affect
human immune function because of containing probiotic bacteria, which has many beneficial effects
[15]. The presence of molds in the gastrointestinal
tract triggers the indirect production of metabolites
in the bacterial microbiota, which may cause affects
immune responses to challenge [16]. These molds
can cause allergic respiratory diseases and also may

ABSTRACT
In this study, 45 chestnut honey obtained from
five different locations in Turkey were examined.
The mycological results recovered 11 mold genera
consisting of 79 isolates including Absidia spp., Alternaria spp., Aspergillus spp., Aureobasidium spp.,
Byssochlamys spp., Cladosporium spp., Eurotium
spp., Fusarium spp., Mucor spp., Paecilomyces spp.,
Penicillium spp. The most predominant genera were
Penicillium with 41.77 % followed by Aspergillus
spp., 26.59 %, Cladosporium spp., 12.66 %. Among
Penicillium spp. on chestnut honey, the predominantly isolated species were P. echinulatum, P. glabrum and P. variable, respectively. The presence of
molds such as Aspergillus, Alternaria, Fusarium and
Penicillium isolated from chestnut honey, which are
potential mycotoxin producers, might cause a risk to
public health. Also, these molds may trigger indigestion, allergic respiratory illness and adverse effects
on the immune system. On the other hand, the total
number of mold ranged from 0 to 61 CFU/g. Our results show that Chestnut honey samples in this study
have good microbiological and hygienic quality.

KEYWORDS:
Chestnut honey, mold; isolation, identification, health effects

INTRODUCTION
Honey is one of the most valuable and beneficial natural food substances that are accepted for a
long time in human history. It is classified as monofloral and multifloral honey according to the floral
source from which obtained. Chestnut honey is
known one of the most delicious and high quality
monofloral honey by virtue of its distinctive taste
and flavour. Since sweet chestnut (Castanea sativa
Mill.) is widely cultivated as a monofloral around
mountainous areas of the Mediterranean, central region of Europe and the coast of the Black Sea and
mountains areas of Turkey, the chestnut-based honeys is commonly produced in these regions. This
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TABLE 1
Honey samples and predominant pollen (Castanea sativa Mill.)
percentages collected from different location in Turkey
Sample location

Sample
number

Predo.
Pollen
(%)

Sample location

Sample
number

Predo.
Pollen
(%)

Sample
location

Sample
number

Predo.
Pollen
(%)

Artvin

A1
A2
A3
A4
A5
A6
A7
A8
A9
B1
B2
B3
B4
B5
B6
B7
B8
B9

91
93
98
97
91
95
93
96
94
92
95
97
94
98
96
96
98
94

Kastamonu

K1
K2
K3
K4
K5
K6
K7
K8
K9
R1
R2
R3
R4
R5
R6
R7
R8
R9

97
95
94
98
91
92
93
98
93
95
96
93
94
96
98
95
95
97

Yalova

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9

92
94
97
91
93
98
92
97
94

Bursa

Rize

change the severity of this disease. Moreover, mycotoxin producer molds such as Aspergillus, Alternaria, Fusarium, and Penicillium spp. might cause a
risk to public health.
Although the presence of molds in various
types of honey is known, there are limited studies
where only a few chestnut honey samples were examined in literature. The aim of this study was to isolate and identify mold species in chestnut honey and
to point out the possible importance of the mold for
honey quality and safety, and public health.

Isolation of mold. The dilution technique was
used for counting and isolation of molds from chestnut honey. Five gram of honey samples was mixed
with 45 mL of sterile distilled water and then this
was shaken thoroughly and obtained more uniformly
10-1 dilution. The sample was serially diluted from
10-1 to 10-3 then 0.1 mL of each of aliquots were inoculated and spread to Malt Extract Agar (MEA)
plates. Finally, the plates were incubated at 27 ± 1°C
from 5 to 7 days in the dark. After incubation, growing microbial colonies were counted in plates. Results were reported as colony forming units (CFU) in
per gram of honey sample (CFU/g) [13].

MATERIALS AND METHODS
Identification of mold species. After obtaining pure culture, the strain isolated on PDA was
transferred to MEA (Malt Extract Agar) and CYA
(Czapek Yeast Extract Agar) and G25N (25% Glycerol Nitrate Agar) media in duplicate trials. The cultivations were proceeded on these three-standard
media at 25 ± 1°C in darkness for 5 – 7 days. After
incubation, the diameter of colony, degree of sporulation, observation of colour and microscopic examination for each colonies were evaluated according
to Pitt and Hocking [19] and Samson et al. [20].

Sampling of honey. This study was carried out
on 45 selected chestnut honey samples from 5 different locations (Table 1). The samples were provided
directly from experienced beekeepers and produced
during the 2018 – 2019 harvest in Turkey. All of
honey samples were not heated by the producers and
showed no signs of fermentation or crystallisation.
Until the analysis, the samples were stored in glass
bottle under controlled conditions, in dark and at
room temperature.
Melissoplaynological analysis of honey samples. Melissopalynological characterization of chestnut honey was carried out according to a reliable and
established method of monofloral honey identification [17, 18]. Predominant pollens were identified
according to their percentages, which are 45% or
more of the total pollen grains counted.

RESULTS
The locations where honey was collected from and
the predominant pollen percentages of the samples
are presented in Table 1. According to melissopalynological analysis, all honey samples were identified
as monofloral by determining the frequency classes
of pollen type using microscopic analysis. As seen
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Penicillium spp.

41,77

1,27
2,53
3,79
3,79

Mucor spp.
Eurotium spp.
Byssochlamys spp.

12,66

1,27
1,27

Aspergillus spp.
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26,59

2,53
2,53
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FIGURE 1
Diversity of mold and occurrence % in chestnut honey
TABLE 2
Molds identified from honey samples and ratio of occurrence
Species/genus

Sample number

Number of
isolates

Occurrence, %

Absidia cormbifera
Alternaria alternata

A5, R3
A9, Y1

2
2

2.53
2.53

Aspergillus spp.

¦
A9, B6, K3, R5, Y6,
K1, Y9
B9, K6

21

26.59

A. candidus
A. glaucus
A. nidulans
A. niger
A. ochraceus
A. oryzae

A5, B4, K6, Y4
K7
R4

4
1
1

A. restrictus
A. versicolor
A. terreus
Aureobasibium pullulans

B8, R3 Y6,
B2, Y2
A7
R7
A9
¦
A4, B5, Y2, Y5
B9, K7, R3
A5, K5, Y1
A8, R5, Y6
B5, K3, R1
R4, Y5
K9
¦
B1
B4, B5, K6, R4
A8, R6
A2, A8, B2, B7, K3, R5, R6
A1, A2, K6, R3, Y4, Y8
R9, Y3
A1, A3, K3
K2
K1
R1
A4, B4, B7, K2, Y5

3
2
1

Byssochlamys spp.
Cladosporium spp.
C. cladosporioides
C. elegans
C. herbarum
Eurotium spp.
Fusarium spp.
Mucor spp.
Paecilomyces spp.
Penicillium spp.
P. aurantiogriseum
P. chrysogenum
P. citrinum
P. echinulatum
P. glabrum
P. griseofulvum
P. islandicum
P. nalgiovence
P. requentans
P. puberulum
P. variable
¦
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5
2
2

1
1
10
4
3
3
3
3
2
1
33
1
4
2
7
6
2
3
1
1
1
5
79

1.27
1.27
12.66

3.79
3.79
2.53
1.27
41.77

100

45
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Table 1, the percentage of chestnut pollen ranged 91
to 98.
In the all chestnut honey samples, 11 mold genera were identified including Absidia spp., Alternaria spp., Aspergillus spp., Aureobasidium spp.,
Byssochlamys spp., Cladosporium spp., Eurotium
spp., Fusarium spp., Mucor spp., Paecilomyces spp.,
Penicillium spp. (Table 2). Penicillium spp. was the
most frequently occurring (41.77 %) genus with 33
isolates out of 79 isolates in total, followed by Aspergillus spp., 26.59 %, Cladosporium spp., 12.66 %
(Figure 1). When evaluated in terms of Penicillium
species that can be found in chestnut honey, P. echinulatum, P. glabrum and P. variable were the most
common species, respectively (Table 2). Among all
genera isolated from chestnut honey, Aspergillus
spp. were 21 out of 79 in total. A. candidus was
found in 5 samples, followed by A. niger and A. restrictus in 4 and 3 samples, respectively. On the
other hand, Cladosporium genera including C.
cladosporioides (4 isolate), C. elegans (3 isolate)
and C. herbarum (3 isolate) were isolated from 10
samples. It was determined that Eurotium spp. (3.79
%), Fusarium spp. (3.79 %) , Mucor spp. (2.53 %),
Absidia cormbifera (2.53 %), Alternaria alternata
(2.53 %), Aureobasibium pullulans (1.27%) and
Byssochlamys spp. (1.27%) showed lower occurrence percentage in chestnut honey samples (Table
2).
As shown Table 3, the total number of mold
ranged from 0 to 61 CFU/g. The highest number of
mold (61 CFU/g) was detected in the sample obtained from Yalova (Y5). 7 out of 45 honey samples
did not have mold contamination. Among the locations, Samples from Rize (R) showed the lowest total
number of mold range (2 to 42 CFU/g).
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DISCUSSION
In this study, the honey samples were identified
as monofloral chestnut honey after melissopalynological analysis. It is known that honey which contains more than 70 % Castanea sativa pollen is identified monofloral chestnut honey [21].
The incidence and total number of isolated
mold in honey samples is presented in Table 2. This
is the first detailed report regarding mold diversity of
chestnut honey. Although the similar study was done
from 64 samples of monofloral honey by Kiš et al.
[22], only 2 out of 64 samples were chestnut honey.
According to their results, Alternaria spp. was identified in these chestnut honey samples. The ocurence
of Alternaria spp. is also consistent with our study.
Also, our study showed a greater diversity than this
study in the presence of various types of mold due to
number of our sample (45).
As there has been little research on mold diversity of chestnut honey, it is compared the present results with the analyses of different types and variety
of honey samples. Felsöciova et al. [12], investigated
43 samples of honey from Poland and found Alternaria spp., Aspergillus spp., Cladosporium spp.,
Fusarium spp., Mycelium sterilium, Penicillium
spp., Rhizopus spp. The detection of some different
mold genera on chestnut honey is likely to be due to
honey variety and location differences.
The predominance of Penicillium spp. (41.77
%) was observed in this work. This is similar to findings by Kacaniova et al. [23] that reported the most

TABLE 3
Number of molds in honey samples [CFU/g]
Sample
number
A1
A2
A3
A4
A5
A6
A7
A8
A9
B1
B2
B3
B4
B5
B6
B7
B8
B9
-: No growth

Molds
[CFU/g]

Sample
number

Molds
[CFU/g]

Sample
number

Molds
[CFU/g]

0,7 x 101
5,5 x 101
0,9 x 101
2,0 x 101
4,8 x 101
0,4 x 101
1,9 x 101
3,3 x 101
0,4 x 101
1,0 x 101
2,5 x 101
4,4 x 101
0,9 x 101
1,3 x 101
0,3 x 101
1,8 x 101

K1
K2
K3
K4
K5
K6
K7
K8
K9
R1
R2
R3
R4
R5
R6
R7
R8
R9

4,2 x 101
0,9 x 101
5,3 x 101
0,5 x 101
6,0 x 101
1,5 x 101
0,8 x 101
1,5x 101
4,2 x 101
3,7 x 101
3,0 x 101
0,9 x 101
0,2 x 101
1,0 x 101

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9

2,8 x 101
5,3x 101
0,5 x 101
3,4 x 101
6,1 x 101
4,9 x 101
0,8 x 101
1,4 x 101

11584

© by PSP

Volume 29 – No. 12A/2020 pages 11581-11587

frequently mold were genus Penicillium, recovered
from 29 samples (65.91 %). Another research was
done in 43 Poland honey, mold belonging to the genus Penicillium were detected in 66 % of samples
[22]. As a result, according to many research, species
of Penicillium genus are dominant in honey microbiota [24, 25]. On the other hand, a previous study of
64 Croatian honey sample stated that the most common molds were the genus Cladosporium [26]. As
seen Table 2, P. echinulatum is predominant species
in genus Penicillium. Also P. citrinum was isolated
from chestnut honey which agrees with studies reported by Barbosa et al. [27] and Rodríguez-Andrade
et al. [13]. The presence of P. echinulatum and P.
citrinum may indicate toxicological hazard since P.
citrinum synthesises citrinin with strong nephrotoxic
activity and P. echinulatum produces the territrems
that are tremorgenic mycotoxins [28, 29]. Pollen is
likely to be the primary contamination source of
Penicillium spp. in honey, as it is supported by other
research that Penicillium spp. is dominant genus in
pollen and honey has large amounts of pollen [30].
Aspergillus is the second most common genus
(26.59 %) in this work. Among this genus isolates,
A. candidus, A. niger and A. restrictus are the most
abundant species, respectively. A. candidus which is
potentially producer of Kojic acid, candidusins and
citrinin, which has genotoxic, carcinogenic and nephrotoxic properties [31-34]. Moreover, A. niger is
one of the important species that produces Ocratoxin
A and fumonisins with hepatotoxic, teratogenic, nephrotoxic, neurotoxic and immunotoxic effects [35].
.DþiQLRYi HW DO >@ UHSRUWHG WKDW
Cladosporium spp. and Alternaria spp. are prevalent
xerophilic molds that can grow on sweet products
and honeydew. C. cladosporioides has been recorded widespread in honey due to its presence in bee
intestines [26]. Similarly, in this study C. cladosporioides is the most common species in genus
Cladosporium.
Absidia cormbifera and Aureobasibium pullulans, which identified in this study, were less frequent or rare molds in the literature. The presence of
these species in honey is thought to be due to secondary cross-contamination contamination sources.
As can be seen Table 2, the occurrence of some mold
genus such as Byssochlamys spp., Eurotium spp.,
Fusarium spp., Mucor spp., Paecilomyces spp, is
low level and it is associated with the mold flora of
the regions where honey is obtained.
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In our study, the total number of mold ranged
from 0 to 61 CFU/g (Table 3). Piana et al. [36] found
mold count at levels ranging from 1 to 43 CFU /g in
50 Italian honey samples. Similarly, Popa et al. [37]
and Gomes et al. [38] reported the mold count of
honey was below 40 CFU/g on honey in Algeria and
Romania, respectively. On the other hand, higher
mold count was reported by Tysset, Durand and
Taliergio [39] in French honey (average 254 CFU/g).
In another study, Moroccan honey mold level was
below 100 CFU/g [40]. In 64 Croatian honey samples, Kiš et al. [26] found numbers varying from 18
to 182 CFU/g. Comparing our results with the literature, our finding show that Chestnut honey samples
in this study have good microbiological and hygienic
quality.
On the other hand, some molds in honey such
as Aspergillus, Alternaria, Fusarium, and Penicillium may be human allergen [41]. Also, the presence
of some mold species in the gastrointestinal tract
triggers the indirect production of metabolites in the
bacterial microbiota, which may cause affects immune responses to challenge. This risks should be
considered especially in the consumption of honey
for children and the elderly.

CONCLUSIONS
Molds, which are widespread in the environment, have spores with great survival capacity and
can primarily contaminate into honey via pollen,
bee, beehive, nectar, and environmental conditions
such as dust, air and soil. Also, after harvesting, secondary cross-contamination may occur via people,
food handlers, equipment, and production conditions.
The majority of molds identified in this study
are common contaminants (primary and secondary
source) of honey. Their presence indicates the need
for risk management in terms of consuming safe
honey, therefore all steps the production chain must
be considered. Good Beekeeping Practices guidelines which including systematic microbiological
controls of honey and other bee products, can be renewable by incorporating Good Manufacturing
Practises (GMP) and Hazard Analysis Critical Control Point (HACCP) systems into productions. These
systems are very useful for beekeepers to reduction
of contamination risk, provides hygienic control, increase food safety and quality of honey consequently
creates a reliable brand perception.

Rodríguez-Andrade et al. [13] stated that honey
is an ideal substrate for developing of xerophilic and
xerotolerant molds due to its physicochemical nature
and biological origin. These molds originally air or
soil borne and are responsible of environmental contamination. When mycologically evaluated the result
of the present study, it can be distinctly seen that
xerophilic and / or xerotolerant molds presence in the
chestnut honeys.
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higher benefits from their farms. Mineral fertilizers
have the potential to perform a crucial function in
Egyptian agriculture development but they also are
non-renewable and may damage the plants and soil.
The long-term uses of chemical fertilizer led to
change the physical and chemical characteristics of
the soil. Thus, the utilization of organic and biofertilizer is becoming an important strategy for
improving the growth and yield of many plants under
normal and stress conditions [4-7]. Organic
materials are plant or animal wastes or by-products
such as cattle or poultry manure, composted rice
straw, or other crop residues. These materials are
commonly used two or more weeks before planting
being incorporated into the soil during land
preparation. Seldom rice straw is straightly
composted in the field. Organic materials are used to
enhance soil fertility and soil organic matter content
and to provide micronutrients and other growth
factors not frequently applied by inorganic fertilizers
[8-10], the application of these materials may also
enhance microbial growth and nutrient content in the
soil. Gajalakshmi and Abbasi [11] indicated that
apart from being a source of nitrogen, phosphorus,
potassium, and other nutrients for plants, compost is
also believed to suppress soil-borne diseases in
plants. These virtues make composting an ideal
option for processing the enormous quantities of
biodegradable solid wastes that are generated in the
world. Gewaily et al. [12] studied the effect of rice
straw incorporation in the soil under continuous
flooding and continuous saturation on the
availability of some nutrients in the soil (ammonium,
nitrate, phosphorus and potassium) and rice yield.
They found that the incorporation of chopped rice
straw into the soil before planting at the rate of five
tons per hectare could reduce about one-third of the
required mineral nitrogen fertilizer to get the highest
grain yield. Naeem et al. [13] concluded that, the
combined use of composted rice straw and urea
resulted in grain yield advantage and improvement
in soil organic matter as compared to urea alone.
Ahmed and Naeem [14] studied the impact of 5 tons

ABSTRACT
A field study was conducted during the summer
seasons of 2017 and 2018 to investigate the effect of
various organic materials and inorganic fertilizers on
the behavior of Egyptian hybrid rice (EHR1). The
experiment was laid out in split-plot design in four
replications, where main plots were assigned to NPK
fertilizers and sub-plots were allocated to organic
materials. The NPK fertilizer’s treatments were: full
dose, 2/3, 1/3 of NPK recommended doses and
control (without any mineral fertilizer application).
The organic materials treatments were: Control
(without any organic materials application), rice
straw compost, farm yard manure, chopped rice
straw and chopped rice straw mixed with farm yard
manure. Our results demonstrated that, the
application of NPK fertilizers along with rice straw
compost and farm yard manure significantly
enhanced grain yield and its attributes of Egyptian
hybrid rice. The application of a full dose of NPK
integrated with compost or farm yard manure
incorporation enhanced the uptake of nitrogen,
phosphorus and potassium. The sufficient
application of NPK fertilizers coupled either with
farmyard manure or rice straw compost could
enhance soil organic matter content after harvest.

KEYWORDS:
Oryza sativa, rice straw compost, farm yard manure,
chopped rice straw

INTRODUCTION
Rice (Oryza sativa L.) is one of the most
important cereal crops all over the world. Many
experiments were conducted to improve the grain
yield of rice under various conditions [1-3]. Under
the intensive cropping system, Egyptian farmers
used to use huge amounts of mineral fertilizers to get
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compost plus 110 kg N/ha produced the highest grain
and straw yield. Siavoshi et al [15] investigated the
use of various organic materials on morphological
and yield parameters in rice [16-18]. Cow manure,
poultry manure, rice straw, and rice husk were used
for the formulation of organic fertilizers with NPK.
Grain yield and morphological parameters increased
significantly in all the treatments over control. An
improvement in the grain yield may be due to the
increase parameters like dry matter, the whole
number of tiller, flag leaf diameter, number of fertile
tillers per hill and 1000-grain weight. Application of
110 kg N/hat + 7.0 t/ha compost under continuous
flooding recorded the highest grain and straw yields
of Egyptian hybrid rice one (EHR1) cultivar [19].
Metwally [20] found positive impact of the
combination of organic materials and different levels
of mineral nitrogen on rice. The main objective of
this study was to study the integration effect between
mineral and organic fertilization on the behavior of
Egyptian hybrid rice.
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phosphate (15% P2O5), potassium sulfate (50%
K2O), rice straw, farm yard manure (FYM) and
compost were applied as a basal application
according to the treatments’ schedule. Chopped rice
straw with farmyard manure was used to prepare the
compost. The subsequent successive layers were
piled as follows: a layer of about 10 cm rice straw; a
layer of about 2 cm farmyard manure; a thin layer of
soil. The used soil collected was collected from the
top layer of a clean farm. The decomposition
duration was about three months. Chemical analysis
of the rice straw, farm yard manure (FYM) and
compost are presented in Table 2.
Nitrogen fertilizer in the form of urea (46.5%
N) was applied in 3 equal splits: one third was
applied at basal before transplanting (into dry soil),
one third at 25 days after transplanting (DAT) and
the remaining one third was applied at 45 DAT.
Thirty days old seedlings of EHR1 were transplanted
on 15th and 17th of June, 2017 and 2018 respectively.
Two seedlings per hill in a spacing of 20 cm × 20 cm
were used. All other cultural practices were done
according to the agronomic package of
recommendations. The plants were reaped at full
maturity when 80% of the panicles were turned into
yellow. Ten main panicles were selected randomly
from each subplot for measuring yield contributing
characters. After drying, the grain and straw yields
were determined.
The studied characters were the number of
panicles per hill, panicle weight (g) number of grains
per panicle, filled grain%, 1000-grain weight (g),
grain and straw yield (t/ha) as well as N, P and K
uptake by rice grain in addition to organic matter %
after harvesting and total available nitrogen at
different growth stages. The statistical analyses were
performed using the Least Significant Differences
Test (LSD) at 5% level of probability according to
Gomez and Gomez [21].

MATERIALS AND METHODS
The field trial was carried out at the
Experimental Farm of Sakha Agricultural Research
Station, Kafr El-Sheikh, Egypt is located between
ƍƎ 1RUWK ODWLWXGH DQG ƍƎ (DVW
longitude at an altitude of 8 m from mean sea level.
The study was launched during the summer season
of 2017 and 2018 to investigate the effect of various
organic materials and inorganic fertilizers on the
behavior of Egyptian hybrid rice (EHR1). The
previous crop was wheat in the two seasons. Before
land preparation, initial representative soil samples
were collected at 0-15 cm depth from different spots
and prepared for physical and chemical analysis. The
physical and chemical characteristics of the
experimental soil are specified in Table 1.
The experimental site was opened by a tractor,
and then the land was ploughed and cross-ploughed
two times to obtain optimum tillage and puddle
condition. The land was leveled and the
experimental plot was partitioned into 12 m2 as
subplots (3X4 m). The experiment was laid out in
split-plot design in four replications, where main
plots were assigned to NPK fertilizers and sub-plots
were allocated to organic materials. The NPK
fertilizer’s treatments were full dose, 2/3, 1/3 of NPK
recommended doses and control (without any
mineral fertilizers application). The recommended
doses of NPK are 165 kg N ha-1, 36 kg P2O5 ha-1 and
58 kg K2O ha-1.
The organic materials treatments were control
(without any organic materials application), rice
straw compost, farm yard manure, chopped rice
straw and chopped rice straw mixed with farm yard
manure. The application rate of the organic materials
was 7 tons per hectare. The total amounts of super

RESULTS
During the both seasons of the experiment,
grain yield and its attributes were affected
significantly by NPK treatments as well as organic
materials application (Tables 3 and 4). Application
of NPK fertilizer gradually increased the number of
panicles per hill, panicle weight, number of grains
per panicle, filled grain percentage, grain and straw
yields up to the full dose of NPK. While a reverse
trend was observed for 1000-grain weight thus 1000grain weight decreased significantly with the
application of NPK fertilizers. Data showed a similar
trend in both seasons.
Application of rice straw compost or farm yard
manure enhanced significantly each of panicles
number per hill, panicle weight, number of grains per
panicle, filled grain percentage, grain and straw
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TABLE 1
Physio-chemical characteristics of the experimental site
Soil characteristics

Seasons
2017

Soil texture (%)
clay %
Sand %
Silt %
pH (1: 2.5 water suspension)
EC (dSm-1)
Organic matter
Available P mg Kg-1
Available NH4 mg Kg-1
Available NO3 mg Kg-1
Available K mg Kg-1
Cations (meq/L.)
Ca+ +
Mg+ +
Na+
K+
Anions (meq/L.)
HCO3ClSO4- CO3--

2018
Clayey

57.00
11.00
32.00
8.05
2.0
1.65
14.00
13.5
10.0
366

54.00
11.00
35.00
8.2
2.05
1.50
12.00
12.60
11.80
350

7.20
2.60
12.00
0.50

6.00
1.50
13.00
0.50

5.60
14.00
2.70
0.00

5.00
14.00
2.00
0.00

TABLE 2
Selected chemical properties of different organic materials in 2017 and 2018 seasons
Properties
C%
N%
C:N Ratio
P%
K%
Fe ppm
Mn ppm
Zn ppm

Rice Straw
2017
2018

Farm yard manure
2017
2018

Compost
2017
2018

65.4
0.72
90.83
0.23
1.42
356
379
41.6

42.63
2.21
19.31
0.72
0.44
595
162
68.17

32.44
1.95
16.66
0.64
0.88
628
276
73.58

67.7
0.71
95.35
0.19
1.39
331
349
36.07

43.38
2.18
19.9
0.7
0.42
567
150
65.67

29.78
1.9
15.64
0.55
0.79
530
227
44.36

TABLE 3
No. of panicles hill-1, panicle weight (g), No. of grains panicle-1 and Filled grain% as affected by NPK levels
and organic materials treatments in 2017 and 2018 seasons
Treatments

NPK treatment:
Full dose
2/3
1/3
Control
LSD0.05
Organic materials:
Control
Compost
FYM
R straw
R Straw + FYM
LSD0.05
Interaction

No. of panicles
hill-1
2017
2018

Panicle weight (g)
2017

2018

No. of grains panicle-1
2017
2018

Filled grain%
2017

2018

23.61
22.42
21.57
20.33
1.54

24.00
22.15
21.75
20.50
1.81

4.852
4.371
4.214
3.307
0.169

5.313
4.934
4.661
3.497
0.266

184.8
174.8
163.8
137.4
5.4

186.4
175.4
162.4
142.0
4.1

92.43
91.15
90.21
87.80
0.78

94.43
92.53
90.77
89.38
1.19

20.84
23.56
23.00
20.79
21.71
0.91
**

20.31
24.12
23.62
19.44
21.50
1.69
N.S

3.954
4.415
4.537
3.999
4.026
0.128
*

4.334
4.964
5.166
4.152
4.391
0.208
**

140.5
184.3
190.1
152.5
158.6
3.6
**

142.6
193.6
193.2
148.4
154.8
3.1
**

89.45
91.42
91.51
89.44
90.17
0.64
N.S

89.74
93.70
93.71
90.71
91.03
1.01
**
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TABLE 4
1000-grain weight (g), grain yield (t/ha) and straw yield (t/ha) as affected by NPK levels and organic
materials treatments in 2017 and 2018 seasons
Treatments
NPK treatment:
Full dose
2/3
1/3
Control
LSD0.05
Organic materials:
Control
Compost
FYM
R straw
R Straw + FYM
LSD0.05
Interaction

1000-grain weight(g)
2017
2018

Grain yield (t/ha)
2017
2018

Straw yield (t/ha)
2017
2018

22.684
23.195
23.999
25.202
0.209

24.411
23.155
23.304
26.354
0.230

10.10
8.92
7.65
6.65
0.73

11.09
10.01
8.88
6.83 0.26

14.96
13.07
12.04
10.28
0.79

15.58
13.73
12.76
10.80
0.39

23.895
23.973
23.598
23.647
23.738
NS
NS

24.749
24.526
24.149
23.821
24.286
NS
NS

7.68
9.46
9.66
7.15
7.69
0.71
**

8.08
10.88
10.10
8.18
8.77
0.18
*

11.55
14.03
14.00
11.44
11.92
0.49
**

11.91
14.88
14.71
11.90
12.68
0.27
**

yields above the control. There were no significant
variations between applications either rice straw
compost or farm yard manure on the abovementioned traits except the number of grains per
panicle in the 2017 season.
The application of organic materials did not
show any significant difference in 1000-grain weight
in both seasons. On the other hand, no significant
differences were detected among control, rice straw
application and combine application of rice straw
and farm yard manure on panicle weight, number of
grains per panicle, grain and straw yields. The lowest
values of filled grain percentage and panicles
number per hill were observed in the treatment of
rice straw incorporation into the soil and control
treatment without any significant differences
between both of them. Regarding the interaction
effect between NPK levels and organic materials
treatments on grain yield and its attributes, data in
Tables 5 and 6 showed that the interaction effects
were significant for panicle weight, the number of
grains per panicle, grain and straw yields in both
season. While, the number of panicles per hill was
affected by the interaction in 2017 season only.
Moreover, the filled grain percentage was influenced
significantly by the interaction in 2018 only. 1000grain weight was not affected by the interaction in
two seasons.
Data in Table 4 showed that the application of
a full dose or two-third of NPK mineral fertilizer in
combined with compost or farm yard manure
produced the highest values of the number of
panicles per hill. The lowest number of panicles per
hill was found in plots that did not fertilize with any
NPK fertilizers whatever the application of organic
materials. The same trend was found when one-third
of NPK fertilizers were applied alone or combined
with rice straw incorporation.
The heaviest panicles were obtained in the
treatments of the incorporation of either compost or
farm yard manure into the soil combined with the
application of a full dose of NPK fertilizers. The

lightest panicles were observed when NPK fertilizers
were not applied whatever the organic materials
application.
The maximum total number of grains per
panicle was obtained with incorporation compost or
FYM into the soil coupled with the application of
NPK at full dose. When NPK fertilizers and organic
materials were not applied, the minimum number of
grains per panicle was recorded. There were no
significant differences between the mentioned
combination and the incorporation of rice straw into
the soil without NPK application. The highest
percentage of filled grain was found when the full
dose of NPK was applied in combined with compost
or farm yard manure. The lowest percentages of
filled grain were obtained when NPK was absent
under control, rice straw or rice straw with farm yard
manure organic material’s treatments. Moreover,
there were no significant differences among the
above-mentioned combinations and application of
one-third of NPK mineral fertilizer without organic
materials application. Rice grain and straw yields
were affected significantly by the interaction effect
between NPK treatment and organic material
application. Application of full dose of NPK with
compost or FYM recorded the highest values of
grain and straw yields. While the lowest values of
both grain and straw yields were found in nil plots or
the plots which receive chopped rice straw alone.
Nitrogen, phosphorus and potassium uptakes
by rice grain were affected significantly by the
application of NPK and organic materials as well as
the interaction in both seasons (Tables 7 and 8). The
uptakes of nitrogen, phosphorus and potassium by
rice grain increased after adding NPK fertilizers and
organic materials. The highest uptakes for the three
nutrients were increased gradually with each
increment of NPK fertilizer up to the highest level
(full dose).
Incorporation any of organic materials into the
soil increased significantly the nitrogen and
phosphorus uptakes by rice grain.

11591

© by PSP

Volume 29 – No. 12A/2020 pages 11588-11597

Fresenius Environmental Bulletin

TABLE 5
No. of panicles hill-1, Panicle weight (g), No. of grains panicle-1 and Filled grain% as affected by the
interaction between NPK levels and organic materials treatments in 2017 and 2018 seasons
Treatments

Control

Compost

Full dose
2/3
1/3
Control
LSD 0.05

21.75
21.63
20.25
19.75

26.00
23.75
23.25
21.25

Full dose
2/3
1/3
Control LSD
0.05

4.430
4.200
4.082
3.105

5.232
4.600
4.332
3.495

Full dose
2/3
1/3
Control
LSD 0.05

4.985
4.605
4.402
3.342

5.747
5.385
5.027
3.697

Full dose
2/3
1/3
Control
LSD 0.05

145.1
156.0
136.5
124.5

218.3
191.0
180.5
147.6

Full dose
2/3
1/3
Control
LSD 0.05

152.0
146.8
141.0
130.8

226.3
210.0
186.1
151.9

Full dose
2/3
1/3
Control
LSD 0.05

92.5
90.25
88.37
87.82

96.27
94.65
92.47
91.42

FYM
No. of panicles hill-1, 2017
25.88
23.38
22.75
20.00
1.70
Panicle weight (g), 2017
5.465
4.690
4.440
3.552
0.274
Panicle weight (g), 2018
5.980
5.902
5.122
3.660
0.499
No. of grains panicle-1, 2017
227.8
198.5
186.1
148.0
8.0
No. of grains panicle-1, 2018
225.0
210.0
182.5
155.1
6.6
Filled grain%, 2018
96.82
94.45
92.05
91.53
1.99

Straw

Straw + FYM

21.68
21.45
20.38
19.68

22.75
21.88
21.22
20.98

4.615
4.132
4.065
3.182

4.520
4.232
4.150
3.200

4.717
4.305
4.317
3.267

5.135
4.475
4.435
3.517

163.1
161.3
154.5
131.2

170.1
167.3
161.3
135.8

161.0
150.9
147.3
134.6

167.6
159.1
155.0
137.5

93.2
91.55
90.32
87.76

93.37
91.75
90.65
88.35

FIGURE 1
Soil organic matter % after harvesting of different organic materials under various NPK treatments in
2017 and 2018 seasons
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FIGURE 2
Total available nitrogen at different growth stages of different organic materials in 2017 and 2018 seasons
manure application showed the highest available
nitrogen at all growth stages followed by the
application of rice straw combined with farm yard
manure. While the application of rice straw or
control (without any organic materials application)
recoded the lowest values at all growth stages.

All organic materials applications boosted the
uptake of potassium by rice grain except rice straw
treatment. The maximum increases in nitrogen,
phosphorus and potassium uptakes of by rice grain
were with the application of compost or farm yard
manure .
Concerning the interaction effect between NPK
fertilizer and organic materials treatment on
nitrogen, phosphorus and potassium uptakes by rice
grain, there were significant impacts of the
interaction on the three nutrients uptake by rice grain
in both seasons except nitrogen uptake in 2017. The
application of a full dose of NPK integrated with
compost or farm yard manure incorporation
enhanced the uptake of nitrogen, phosphorus and
potassium and recorded the highest values. The
lowest values of nitrogen uptake were detected at
zero NPK under zero, rice straw, rice straw with
FYM incorporation treatments. The plots which did
not receive any NPK fertilizers or organic materials
produced the lowest values of phosphorus uptake
without any significant differences with those which
received rice straw alone. Potassium uptake was
lowest in control plots without application of NPK
fertilizers or organic materials.
NPK fertilizers and organic materials
application affected significantly soil organic matter
content % after harvesting as present in Fig1. Rising
NPK fertilizers from 0 up to full dose improved
gradually soil organic matter % after harvesting.
Farm yard manure and rice straw compost
application showed the greatest percentage of soil
organic matter. There were no notable variations
within the control and rice straw application. When
NPK fertilizers were utilized alone or coupled with
rice straw, soil organic matter was slightly higher
than that of the control (no NPK applied). On the
other hand, soil organic matter increased
significantly with the application of NPK under farm
yard manure and rice straw compost application.
Total available nitrogen ppm (NH4 + NO3) was
increased sharply at 30 DAT then decreased
gradually (Fig 2). Rice straw compost and farm yard

DISCUSSION
The beneficial influence of compost and farm
yard manure on yield and yield properties of
Egyptian hybrid rice may be due to the lower C:N
ratio of those organic materials. Furthermore, rice
straw compost and farm yard manure have a more
vigorous breakdown of organic matter than rice
straw. The utilization of organic materials with lower
C:N ratio improved growth and yield of hybrid rice
due to greater nutrient availability and uptake by rice
plants [22] and barley plants [23]. The low yield of
the incorporation of chopped rice straw may be due
to its greater C/N ratio. The organic materials with
high C/N ratios are likely to compete for N, which
can drive to N deficiency in severe cases [24].
Additionally, the organic sources with higher C/N
ratios may seemingly undergo less decomposition
under waterlogged situations [25]. The variations in
the C:N ratios of the tested organic materials may
affect the availability and uptake of nitrogen,
phosphorus and potassium by rice plants. Egyptian
hybrid rice performed better under the combined
application of NPK mineral fertilizers with organic
materials compared with sole NPK mineral
fertilizers application. This might be due to much
nutrient availability and uptake by plants. The effect
of different organic sources improve the availability
and uptake of essential nutrients [26,27]. They
indicated that organic sources utilization can
increase rice grain yield by enhancement soil water
holding capacity, physical and chemical properties,
the reduction of volatilization of nitrogenous
fertilizers to NH3 gas and the greater availability of
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TABLE 6
Grain yield (t/ha), Straw yield (t/ha) and harvest index as affected by the interaction between NPK levels
and organic materials treatments in 2017 and 2018 seasons
Treatments

Control

Compost

Full dose
2/3
1/3
Control
LSD 0.05

9.13
7.91
7.67
6.01

12.31
10.29
7.91
7.35

Full dose
2/3
1/3
Control
LSD 0.05

10.00
9.22
7.56
5.52

12.70
11.72
10.10
9.00

Full dose
2/3
1/3
Control
LSD 0.05

13.74
11.95
11.66
8.83

16.66
14.34
12.85
12.26

Full dose
2/3
1/3
Control
LSD 0.05

14.55
12.48
11.69
8.93

17.19
15.45
14.18
12.69

FYM
Grain yield (t/ha), 2017
11.92
10.56
8.50
7.65
1.41
Grain yield (t/ha), 2018
12.17
10.83
9.73
7.68
0.40
Straw yield (t/ha), 2017
16.68
14.66
12.37
12.29
1.13
Straw yield (t/ha),2018
16.86
14.91
13.81
13.26
0.60

Straw

Straw + FYM

8.39
7.64
6.91
5.65

8.74
8.17
7.23
6.60

10.03
8.94
8.38
5.37

10.53
9.36
8.64
6.57

13.69
11.86
11.36
8.85

14.03
12.54
11.96
9.16

14.36
12.79
11.84
8.63

14.94
13.03
12.27
10.47

TABLE 7
NPK uptake by rice grain kg ha-1 as affected by NPK levels and organic materials treatments in 2017 and
2018 seasons
Treatment
NPK treatment:
Full dose
2/3
1/3
Control
LSD0.05
Organic materials:
Control
Compost
FYM
R straw
R Straw + FYM
LSD0.05
Interaction

N

P

K

2017

2018

2017

2018

2017

2018

61.54
52.29
43.81
32.53
0.48

61.50
52.65
42.60
31.87
1.597

13.49
11.02
9.09
6.60
0.20

13.32
10.88
8.94
6.41
0.10

21.71
16.60
13.15
12.48
0.826

21.54
16.32
13.08
12.28
0.55

43.44
51.04
51.37
45.17
46.69
0.55
N.S

43.22
50.53
50.94
44.90
46.17
1.502
*

9.02
11.12
11.25
9.34
9.53
0.14
**

8.73
10.87
11.19
9.10
9.54
0.07
**

13.95
18.78
17.96
14.40
14.85
0.69
**

13.73
18.53
17.90
14.05
14.82
0.42
**

plant nutrients for a longer time. Integrated
application of mineral NPK and organic materials
improved nutrients uptake by rice grain, suggesting
that the available N, P and K amount in the soil was
high.
Consecutively, it may lead to higher plant
growth, yield and nutrient accumulation. This may
be due to the fact that N is easily available from
mineral fertilizer at the early rice growth stage, and
organic manures are mineralized at the later rice
growth stages usually subjected to N stress [28]. On
the other hand, applications of organic materials
reduce nutrients loss as well as maintain the supply
of nutrients to rice plants through the growth stages.

Manures and different organic materials are
utilized to enhance soil productivity and soil organic
matter content and to provide nutrients and other
growth factors not ordinarily provided by mineral
fertilizers. In the current study, the utilization of rice
straw compost and FYM significantly enhanced soil
organic matter. These results are in agreement with
the results of Tadesse et al. [27] and Wei et al. [29].
The sharp increase of total available nitrogen at
30 DAT mainly linked to the increment in nitrogen
solubility under submergence conditions. Moreover,
the second dose of nitrogen fertilizer was applied at
25 DAT which resulted in more available nitrogen at
30 DAT. The mineralization of organic nitrogen
under submergence condition is lower than under
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TABLE 8
NPK uptake by rice grain kg ha-1 as affected by the interaction between NPK level and organic materials
treatment in 2017 and 2018 seasons
Treatments

Control

Compost

Full dose
2/3
1/3
Control
LSD 0.05

58.07
47.66
39.05
28.11

65.05
59.15
43.12
34.81

Full dose
2/3
1/3
Control
LSD 0.05

12.60
9.90
8.05
5.54

14.50
12.05
9.75
8.16

Full dose
2/3
1/3
Control
LSD 0.05

12.21
9.46
7.87
5.37

14.35
11.96
9.77
7.41

Full dose
2/3
1/3
Control
LSD 0.05

19.02
14.50
12.30
9.96

25.10
20.05
15.43
14.55

Full dose
2/3
1/3
Control
LSD 0.05

19.01
14.20
11.90
9.81

24.70
19.90
15.11
14.40

FYM
Nitrogen uptake, 2018
65.06
55.69
46.86
36.16
2.98
Phosphorus uptake, 2017
14.65
12.55
9.95
7.85
0.31
Phosphorus uptake, 2018
14.43
12.44
9.89
8.01
0.15
Potassium uptake, 2017
24.05
19.15
14.65
13.97
1.40
Potassium uptake, 2018
23.93
18.75
14.99
13.91
0.87

Straw

Straw + FYM

58.88
49.71
41.59
29.41

60.41
51.04
42.36
30.84

12.89
10.15
8.75
5.55

12.80
10.45
8.95
5.90

12.56
10.10
8.30
5.41

13.02
10.45
8.84
5.83

19.95
14.02
11.80
11.83

20.45
15.30
11.55
12.10

19.81
13.75
11.36
11.27

20.22
15.00
12.05
12.00

aerobic conditions, nevertheless, the net N
mineralization in submerged is higher than aerated
soils, leading to higher rates of inorganic N release
in submerged soil [30]. Thus the total available
nitrogen increases by soil flooding.
At late growth stages, the hybrid rice plants
consumed more nitrogen which decreased the
available nitrogen at those stages, also, the nitrogen
losses increased at those stages. Application of
matured organic materials (farm yard manure and
compost) with lower C/N ratio increased the total
available nitrogen due to the high decomposition rate
of these materials which increase the breakdown of
soil organic N compounds. These results are in
harmony with those reported by Gewaily et al.
[12] and Buresh et al. [30].
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Arabian Gulf. Predominantly C. arabicum lives in
the bottom-dwelling in coral reefs, rocky shores, lagoons, and mangrove estuaries [1]. In fact, most lowmarket-value carpet shark species are usually discarded at sea and are therefore presumably not exactly represented in landings. This could also be due
to fishing practices and fishing gear positioning,
which could prevent the capture of demersal or bottom-associated species such as these [2]. C. arabicum is mainly caught as bycatch in trawl nets along
the eastern Saudi Arabia coast. There is very little
documented information on this shark as compared
to other species [3]. As both habitat destruction and
unprecedented bycatch are likely to intensify in the
region, the International Union for Conservation of
Nature [4] reported that the Arabian carpet shark was
declared as Near Threatened (NT) [4] In recent
years, the monitoring and conservation of threatened
species has received more focusing throughout the
world. Research studies have increased to estimate
the genetic diversity of shark species using molecular marker systems including mitochondrial DNA
sequences (mtDNA) [2,5-11] and microsatellites
(SSR) [12-14], due to their central importance in designing both in-situ and ex-situ conservation efforts.
Extinction in the fragmented populations may occur
as a result of increased the phenomenon of genetic
drift through inbreeding and restricted genetic flow
[15].
The risk of extinction and response to random
selection increases when the genetic diversity decreases within populations [14]. The conservation
management strategies must be done to raise genetic
diversity in order to increase the ability to adapt in
facing environmental changes and avoid inbreeding
depression. Therefore, when planning an appropriate
maintenance strategy for any species that is isolated
or threatened with extinction, genetic diversity must
be determined first [16]. Based on PCR amplification, the inter-simple sequence repeats (ISSR) have
been extensively used for genetic diversity researches of various aquatic organisms’ species [1719]. ISSR marker characterized simpler, faster, and
cheaper than many other marker systems such as
RFLP, SSR, and AFLPs

ABSTRACT
Estimation of genetic diversity of threatened
species constitutes a prerequisite for conservation.
Inter-simple sequence repeat (ISSR) analysis was
applied to investigate genetic diversity in three populations of Arabian carpet shark, Chiloscyllium arabicum from Saudi water in the Arabian Gulf. Overall, seventeen selected ISSR primers produced 154
bands, with 96 (62.34%) being polymorphic through
90 samples belonging to three populations that were
amplified. 58.20%, 53.10 % and 50.32 % of these
loci were polymorphic over all the genotype examined in Al-Jubail, Al-Qatif and Al-Odaid populations, respectively. The average number generated
per primer for band and polymorphic band was 9.05
and 5.64, respectively. The measurement of genetic
diversity between populations has been estimated by
the overall genetic differentiation (Gst) 0.223, and
the gene flow (Nm) 1.13. In addition, analysis of molecular variance (AMOVA) showed that genetic variation within population and among populations was
79% and 21 %, respectively. The dendrogram linked
Al-Qatif and Al-Odaid populations separated from
the Al-Jubail population. The finding of principal
coordinate analysis (PCoA) showed that parallel to
those given by the UPGMA cluster analysis. The results demonstrated that the usefulness of ISSR markers for estimating the genetic diversity within and
among of Chiloscyllium arabicum populations and
also, gain genetic information preliminary that can
be effected for monitoring and management conservation of this species.

KEYWORDS:
Genetic diversity, Chiloscyllium arabicum, ISSR markers

INTRODUCTION
Chiloscyllium arabicum belonging to family
Hemiscylliidae is origin in the Western Indian Ocean
and current it is distributed in India, Pakistan and
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FIGURE 1
Arabian carpet shark, Chiloscyllium arabicum
a small caudal fin piece clips were collected (approximately 500- 1000mg), and preserved in 100% ethanol which was then stored at -20°. Extracted genomic DNA using DNeasy Tissue Kit (Qiagen, Germany), as directed by the manufacturer. Isolated
DNA were checked quality by 2% agarose gel electrophoresis. DNA was diluted to 20 QJȝO using sterile, distilled water and stored at -20°C until further
analysis.

in genetic diversity researches of fish. In addition,
ISSR markers can yield reliable and reproducible
bands than RAPD due to higher annealing temperature and longer sequence of primer [20].
The aim of the present work was a preliminary
effort to evaluate the patterns of genetic diversity
within and among populations of Arabian carpet
shark, Chiloscyllium arabicum originating in the
Saudi waters of the Arabian Gulf by using inter simple sequence repeats (ISSR) markers and also, to
provide primary genetic information for monitoring
and management conservation of this species.

ISSR-PCR amplifications and gel electrophoresis. Fifty ISSR primers (the University of British Columbia -UBC) were screened for PCR, but 17
primers were selected due to the polymorphic, reproducible, and clear fingerprints (Table 1). ISSR-PCR
was performed in a 25 ȝ/ final volume containing
0.5 μl (5unit/ μl) Taq DNA polymerase, 1.5 ȝ/ of
10x PCR buffer with MgCl2, 0.5 μl (0.2mM dNTPs),
ȝO (20pM) of primer, 2.5 μl template DNA (50ng)
of genomic DNA and Millipore water to volume.
ISSR-PCR amplification preformed under the following profile: 94°C for 5 min. (initial denaturation),
continued by 40 cycles of 94°C for 1min., 45-65°C
annealing temperature for 1 min. depended on the
primers base composition and 72°C for 1 min. with
final extension step at 72°C for 7 min. Then, ISSRPCR products were isolated into an agarose gel of
2% and photographed over UV light after staining by
ethidium bromide to note the fragments. PCR band
size was estimated by 100 base pairs (bp) molecular
size ladder (Promega). Then gels were photographed
by the Gel Doc (TM) XY System (Bio-Rad, Hercules, USA).

MATERIALS AND METHODS
Ethics Statement. All investigations in this
study were approved by the Institutional Animal
Care and Use Committee of King Faisal University
(KSA). All specimens were purchased from local
fishermen, hence no specific licenses were required
for the described field sampling as the fishermen
were required to react with local laws regarding fishing.
Sample collection and DNA extraction. Samples of Arabian carpet shark, C. arabicum (Figure 1)
were collected between 2018 and 2019 from a total
90 individual belonging to three sites along eastern
coast of Saudi Arabia: Al-Jubail (26.9598° N,
49.5687° E), Al-Qatif (26.5765° N, 49.9982° E), and
Al-Odaid (24° 76' 10"N 50° 74' 52" E) (Figure 2).
Thirty individuals of Arabian carpet shark represented each population. From each shark specimen,
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FIGURE 2
Map showing the three sample sites along the Saudi coasts in the Arabian Gulf.
Data analysis. From the photograph, the presence band were scored as (1) and the absence band
as (0) (binary data). Since the ISSR-bands were
dominant markers and Chiloscyllium arabicum is a
diploid, it is assumed that each band represents the
phenotype at a single biallelic locus. The resulting of
ISSR matrix was examined using POPGENE version 1.31 [21] to estimate genetic diversity measured
by: total number of bands (TB), number of polymorphic bands (PB), percentage of polymorphism
(%PPB), observed allele number (Na), effective allele number (Ne), Shannon's information Index (I),
gene diversity (He), the level of gene flow ( Nm) and
genetic differentiation coefficient (GST). Also, the
same software was used to compute Nei’s unbiased
genetic identity [22] ) and genetic distances between
populations. Analysis of molecular variance
(AMOVA) within and among populations was calculated using GenAlEx Version 6.5 software [23].
Principal coordinate analysis (PCoA) was done using the same software. An un-weighted pair group
method with arithmetic mean (UPGMA) was used to
examine and compare the genetic relationship
among and within populations and constructed dendrogram using NTSYS-PC (version 2.1) software
[24]. All these estimations assumed that populations
are in Hardy-Weinberg equilibrium.

for the amplification of all the samples (Table 1).
The molecular size of the amplified bands was
ranged approximately within 500 to 2850 bp (Figure 3). The total number of bands per locus varied
from 6 (UBC 817) to 13 (UBC 834). The 17 primers
produced a total of 154 scorable bands and 96 (62.34
%) were found to be polymorphic. All primers generated polymorphic loci. The average number of
bands and polymorphic bands produced per primer
were 9.05 and 5.64, respectively. Genetic diversity
according to the percentage of polymorphic bands
(PPB) produced by ISSR markers were 58.20 ±
0.88% in Al-Jubail, 53.10 ± 0.74 % in Al-Qatif and
50.32 ± 0.81 % in Al-Odaid. The overall analyses of
the genetic diversity parameters were illustrated in
Table 2. Al-Jubail population displayed the highest
significantly variability for all genetic parameters:
(PPB, 58.20%; Na, 1.56; Ne, 1.48; He, 0.269 and I,
0.247) closely followed by Al-Qatif (PPB, 53.10 %;
Na, 1.46; Ne, 1.37; He, 0.262 and I, 0.219) and the
least in Al-Odaid ((PPB, 50.32 %; Na, 1.42; Ne,
1.32; He 0.255 and I, 0.198). The genetic differentiation among three populations (Gst) was 0.223,
which indicates that about 22.3 % of total genetic
variation corresponded to differences among populations. Furthermore, the gene flow (Nm) value per
generation between populations was estimated to be
1.13. Table 3 shows the inter-population genetic
identities and genetic distance of the pairwise comparison between population pairs was estimated according to Nei’s [22]. The highest genetic distance
(0.097) was to be observed between Al-Jubail and
Al-Odaid populations and the lowest genetic distance was observed between Al-Jubail and Al-Qatif
populations (0.081).

RESULTS
In the current study, initially among the 50 primers examined for their ability to produce a clear
and reproducible banding pattern in the 90 individual
Chiloscyllium arabicum, 17 primers were selected
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Primer

UBC 803
UBC 805
UBC 808
UBC 810
UBC 813
UBC 816
UBC 817
UBC 822
UBC 823
UBC 825
UBC 829
UBC 831
UBC 834
UBC 836
UBC 840
UBC 841
UBC 845
Total
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TABLE 1
Primers used in the ISSR analysis of Chiloscyllium arabicum populations
Sequence (5'-3')*
Total number of
Polymorphic bands
bands (TB)
Number
Percent
(PB)
(%PPB)
ATA TAT ATA TAT ATA TC
11
7
63.64
TAT ATA TAT ATA TAT AC
9
6
66.67
AGAGAGAGAGAGAGAGC
7
5
71.43
CTTCATTTCACTTCA
8
5
62.5
GAGAGAGAGAGAGAGAA
12
7
58.33
CAC ACA CAC ACA CAC AT
8
5
62.5
CAC ACA CAC ACA CAC AA
6
3
50.00
TCT CTC TCT CTC TCT CA
10
7
70.00
TCT CTC TCT CTC TCT CC
9
5
55.56
ACA CAC ACA CAC ACA CT
8
5
62.50
TGT GTG TGT GTG TGT GC
9
6
66.67
ATA TAT ATA TAT ATA TYA
8
5
62.50
AGA GAG AGA GAG AGA GYT
13
7
53.85
AGA GAG AGA GAG AGA GYA
11
7
63.64
GAG AGA GAG AGA GAG AYT
9
5
55.56
GAG AGA GAG AGA GAG AYC
9
6
66.67
CTC TCT CTC TCT CTC TRG
7
5
71.43
154
96
62.34

*Single letter abbreviations for mixed-base positions: Y= (C, T), R= (A, G)

Analysis of molecular variation (AMOVA)
was carried out on the ISSR data of three populations
for C. arabicum to estimate genetic variation (Table
4). The significance level was analyzed at 1,000 random permutations of sequences among populations.
The genetic differentiation among populations and
within populations were observed and found to be
significant (p <0.001). Analysis of molecular variance (AMOVA) revealed that 79 % of the variation
is attributed to within-populations differences while
the remining differences is due to among populations
21 %. The UPGMA dendrogram performed by genetic similarity matrix across the C. arabicum populations was represented (Figure 4). The dendrogram
linked Al-Qatif and Al- Odaid populations separated
from Al-Jubail population. In the whole data-set
from the 17 ISSR
primers, a PCoA separated the 90 individual C.
arabicum into three distinct groups, namely AlJubail, Al-Qatif and Al-Odaid (Figure 5). The finding of principal coordinate analysis (PCoA) showed
that parallel to those given by the UPGMA cluster
analysis. Figure 5 shows the first two coordinates of
the PCoA accounted for 75.82 and 3.28% of the total
variance, respectively).

DISCUSSION
Studies in aquatic biodiversity originally focused on organisms in commercial significance
[25,26], though more focus has been given to threatened or vulnerable aquatic vertebrates in recent
years. There are approximately 500 recognized shark
species, more than 75% of which are classified by

FIGURE 3
ISSR gel profile from amplification of genomic
DNA of 45 individuals of C. arabicum with primer UBC 822: A, (Al-Jubail); B, (Al-Qatif) and
C, (Al-Odaid). M: 100bp ladder
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TABLE 2
Analysis of genetic differentiation analyzed by ISSR makers in three Chiloscyllium arabicum populations.
Al-Jubail
Al-Qatif
Al-Odaid
Overall
P-values
58.20 ± 0.48
53.10 ± 0.34
50.32 ± 0.41
53.87±0.32
*
PPB ± SE
1.562 ± 0.029
1.460 ± 0.036
1.425 ± 0.032
1.48±0.29
*
Na ± SE
1.487 ± 0.045
1.378 ± 0.039
1.321 ± 0.031
1.39±0.25
*
Ne ± SE
0.247 ± 0.013
0.219 ± 0.034
0.198 ± 0.027
0.221±0.003
**
I ± SE
0.269 ± 0.023
0.262 ± 0.011
0.255 ± 0.012
0.262±002
**
He ± SE
0.223
**
Overall genetic differentiation (Gst)
1.13
Overall gene flow (Nm)
Polymorphic percentage bands (PPB); number of alleles observed (Na); effective number of alleles (Ne); Shannon's Index (I);
Nei’s gene diversity (He) and standard deviation (SE)
* = P < 0.05, and ** = P < 0.001

TABLE 3
Unbiased measures of the genetic distance (below diagonal) and genetic similarity (above diagonal) between populations by Nei (1978).
Al-Jubail
Al-Qatif
Al-Odaid
0.921
0.906
Al-Jubail
0.081
0.918
Al-Qatif
0.097
0.084
Al-Odaid
TABLE 4
Results of molecular variance analysis (AMOVA) for three populations of Chiloscyllium arabicum. based
on ISSR data.
Source of variad.f.
SSD
MSD
Variance
Total varFixation
P-valuea
tion
component
iance (%)
Index
2
177.46
88.73
2.62
21
0.261
<0.001
Among populations
87
866.33
9.95
9.95
79
Within populations
d.f.: degrees of freedom; SSD: sum of squares; MSD: mean squared deviation.
a Significance tests after 1000 permutation.

this result contradicts the Chiloscyllium plagiosum
based biodiversity study using SSR markers which
have been a high level of genetic diversity [12].
Sharks often have lower genetic diversity than mammals and bony fishes due to their relatively slow rate
of change genomes. There are differences in the
level of genetic diversity due to the different evolutionary history of the different aquatic organisms and
the ecological geography environment [30-32].
Generally, species that are endemic or endangered
tend to have lower genetic variation and lower genetic diversity [6,33]. Also, a relatively moderate
level inter-population genetic diversity was observed in C. arabicum (GST = 0.223), reported that
22.3% of the total genetic variation was among populations and 77.7% was within the populations. Reproductive strategies greatly affect genetic differentiation and can result in low genetic diversity within
populations [34]. In line with this, intermediate significant Fst value was obtained, indicating moderate
genetic differentiation among populations of shark.
The findings of AMOVA showed that 21% of the
overall variability was due to disparities among populations and 79% to variations within populations
(Table 4).

the International Union for the Conservation of Nature [4] as endangered, vulnerable, near-threatened,
or data deficient [27]. C. arabicum is at high risk of
extinction because it is a common bycatch of fisheries, especially prawns [28]. These are the first results
of population genetics of an endangered Arabian carpet shark on the eastern coast of Saudi Arabia. In the
present study, 17 ISSR markers used to evaluate extent and pattern of genetic diversity of C. arabicum
populations in order to implement a strategy for the
conservation of genetic resources. The overall percentage of polymorphism, observed number of alleles, Shannon's Index and Nei’s gene diversity were
53.87%, 1.48, 0.221 and 0.262 respectively. This
study suggests that genetic diversity of the individuals and populations studied is a relatively moderate
level (Table 2). This result is in accordance with the
result obtained in other sharks like night sharks overall in the western Atlantic Ocean [6] that have been
recently studied with SSR and mtDNA markers
The values of genetic diversity obtained for
Chiloscyllium plagiosum using RAPD marker [29],
white shark, Carcharodon carcharias [10] and tiger
shark Galeocerdo cuvier using mtDNA and SSR
[13] in the previous researches displayed a lower
value than obtained in the present study. However,
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FIGURE 4
Dendrogram of three populations based on UPGMA analysis of ISSR polymorphism.

Coord. 2

Principal Coordinates (PCoA)

Al-Jubail
Al-Qatif
Al-Odaid

Coord. 1
FIGURE 5
Principle coordinates analysis (PCA) for three populations of C. arabicum (90 individuals) using the ISSR
marker analysis.
Gene flow is the most significant consideration
for homogenizing the genetic makeup of the population. The greater the amount of gene flow among
populations, the less distinction happens between
genes. The moderate value of genetic differentiation
might be due to genetic drift resulted from limited
gene flow (1.13) and a small population size.

The main source of variation was within populations. 3) The risk of the possible extinction of the C.
arabicum may be due to the destruction of the habitats of the wild populations for the over-harvesting
as bycatch. Our results provide baseline information
for the conservation for the development of conservation strategies for this endangered C. arabicum.
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EXPERIMENTAL STUDY ON THE EFFECT OF WETTING
AGENT ON OIL-BASED DRILLING FLUID PERFORMANCE
AND RESERVOIR DAMAGE
Yongwei Guo, Ping Jin*, Xiaoyang Zhang, Fangping Yan
Chengde Petroleum College, Chengde, Hebei, 067000, China

the drilling fluid [3]. The wetting agent is generally
a surfactant with an amphiphilic structure. The
wetting agents currently used for wetting reversal
are mainly divided into three categories according
to their ionic characteristics: cationic wetting agents,
anionic wetting agents and non-ionic wetting agents
[4-6]. Different types of wetting agents have different wetting effects, and the amount of effective
wetting reversal of different wetting agents is also
different. Therefore, it is necessary to control the
wetting effect of different wetting agents and their
performance on oil-based drilling fluids. Park et al.
[7] et al. evaluated the wetting performance of the
wetting agent based on the sedimentation volume of
barite particles in the oil-based drilling fluid. The
evaluation method is simple and easy to operate,
but the sedimentation volume has a large error.
Based on the sedimentation rate and sedimentation
volume of barite in oil-based drilling fluids, Li et al.
[8] and others established a method for joint evaluation of oil-based drilling fluid wetting agents with
multiple parameters.
The wetting agent changes the wettability of
solid particles in the oil-based drilling fluid. If the
oil-based drilling fluid filtrate invades the reservoir
during the drilling process, it may also change the
wettability of the reservoir. Changes in the hydrophilicity and lipophilicity of the reservoir will obviously affect the flow of the water or oil phase in the
reservoir space, thereby affecting the relative permeability of the reservoir core [9-12]. Therefore,
whether the addition of wetting agent causes damage to the reservoir needs further study.
This paper systematically evaluated the wetting and reversal ability of cationic, anionic, and
nonionic surfactants as wetting agents on the hydrophilic materials (weighting agents, drill cuttings,
etc.) in oil-based drilling fluids, and further studied
its effect on oil-based drilling. Since the drilling
fluid filtrate is easy to invade the reservoir during
the drilling process and cause damage to the reservoir, and the wettability of the reservoir is one of
the important properties of the reservoir. The
change of the wettability may cause the damage to
the reservoir. Thus, the change of wetting agent on
the wettability of the reservoir is studied and the
degree of its influence on core permeability was
evaluated.

ABSTRACT
Oil-based drilling fluids are widely used in the
development process of a variety of complex geological conditions. As a key treatment agent in oilbased drilling fluids, wetting agents can improve
the performance of oil-based drilling fluids by adjusting the wettability of the solid phase. In this
paper, three different types of wetting agents are
selected. First, the wetting performance of the wetting agent and the effect of the wetting agent on the
performance of oil-based drilling fluids are studied.
The results show that the wetting performance of
the wetting agent is closely related to the type and
concentration of the wetting agent. The cationic
wetting agent has the best wetting reversal effect at
a concentration of 1%. The addition of the wetting
agent can significantly improve the settlement stability of the drilling fluid and the ability to resist
pollution by bad soil such as drill cuttings. In addition, the addition of wetting agent will increase the
viscosity of the drilling fluid. The effect of the oilbased drilling fluid system on the damage degree of
the reservoir after adding the wetting agent was
further evaluated. The results show that compared
with the cationic wetting agent, the anionic wetting
agent has a better effect on reducing the permeability damage of the reservoir.

KEYWORDS:
Oil-based drilling fluid, wetting agent, settlement stability,
contact angle, reservoir damage

INTRODUCTION
With the exploration and development of oil
and gas, more and more attention has been paid to
unconventional oil and gas resources such as shale
gas and deep water. Due to its good performance,
oil-based drilling fluid system is considered to be
the preferred drilling fluid system for formations
with complex conditions [1-2]. As a key treatment
agent in oil-based drilling fluids, wetting agents can
improve the performance of oil-based drilling fluids
by adjusting the wettability of the solid particles of
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The permeability damage rate is used as the indicator to evaluate the pollution degree of oil-based
drilling fluid system to the reservoir.

MATERIALS AND METHODS
Experimental materials and instruments.
Quaternary ammonium salt cation RSJ-CA (chemically pure), alkyl sulfonate anion RSJ-AA (>60%),
polyoxyethylene ether type non-ionic RSJ-NA
(chemically pure).
Automatic surface tensiometer; SL200B contact angle tester (Kono Industries Co., Ltd.); MICROTRAC laser particle size analyzer; electronic
balance (0.0001g); six-speed viscometer; medium
pressure filter loss meter; high temperature and
high pressure filter loss meter; stopwatch; test tube
with stopper (10mL/100mL), etc.

RESULTS
Evaluation of the effect of wetting agent. (1)
Wetting agent surface tension test. In this paper,
surfactants are used as wetting agents for oil-based
drilling fluids. Surface tension is the most basic
property of surfactants, so the surface tension of
several wetting agents and the wetting angle on
different solid surfaces are measured first. The
result is shown in Figure 1. The anionic surfactant
RSJ-AA has the best surface tension reduction
efficiency. The surface tension at the critical micelle concentration is 30.23 mN/m. The cationic
surfactant RSJ-CA and the nonionic surfactant RSJAA have surface tensions of 39.48 mN/m and 36.54
mN/m, respectively.

Evaluation of wetting agent by barite sedimentation method. According to the new evaluation method of oil-based drilling fluid wetting agent
reported by Li Yanjun [8] and others, the barite
sedimentation method is used to evaluate the performance of the wetting agent. The sedimentation
rate and final sedimentation volume of barite are
used as indicators for evaluating the performance of
the wetting agent. For specific methods, please
refer to relevant literature.

(2) Barite settlement experiment. Barite
which is the oil-based drilling fluid weighting agent
is a hydrophilic material. The wetting agent in the
oil-based drilling fluid adsorbs on the surface of the
barite particles, so that the hydrophilic surface of
the barite gradually changes to a neutral or lipophilic surface. The settlement stability of barite in
oil-based drilling fluids containing different wetting
agents is different [13-14]. The stronger the lipophilicity on the surface of the barite particles, the
smaller the friction between the particles and the
resistance between the particles and the liquid
phase. Therefore, the smaller the settling resistance
received, the greater the settling speed of the barite
particles. In the process of barite settling, tiny
channels like capillaries are formed in the liquid
phase. The stronger the lipophilicity of barite, the
smaller the final stable volume of sedimentation.

Measurement of particle size distribution of
drilling fluid system. The MICROTRAC laser
particle size analyzer was used to measure the particle size distribution of the drilling fluid dispersion.
Dilute the oil-based drilling fluid a little and add it
to the sample pool of the particle size analyzer to
analyze the particle size distribution of the system.
Reservoir core pollution experiment. Use a
certain block of shale cores to conduct core pollution experiments. Use oil-based drilling fluid as the
pollution phase. After the core is polluted, nitrogen
flowback is performed to measure the changes in
core permeability before and after the pollution.
80
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FIGURE 1
Relation between surface tension and concentration of wetting agent.
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Based on this, the sedimentation rate of barite
and the final stable volume of sedimentation can be
used as evaluation indicators to evaluate the wetting
effect of the wetting agent.
According to the above evaluation method, the
sedimentation rate and final sedimentation volume
of 3 types of wetting agents were studied, and the
results are shown in Figure 2. It can be seen from
Figure 2 that as the concentration increases, the
sedimentation rate of the cationic wetting agent first
increases rapidly, reaching the maximum when the
concentration is 1%, and then gradually decreases
as the concentration increases. However, compared
to the other two wetting agents, the overall sedimentation rate is basically maintained at the highest.
The sedimentation rate of barite in the oil-based
drilling fluid system treated with anionic wetting
agent increases as the concentration increases, and
as the concentration increases, the sedimentation
rate increases. Obviously, when the concentration is
45
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5%, the sedimentation rate exceeds the sedimentation rate value of the cationic wetting agent at the
same concentration. The non-ionic wetting agent
does not significantly improve the wettability, and
the sedimentation rate of barite does not exceed 20
mg/s.
The sedimentation volume analysis results of
Figure 3 show that the sedimentation volume of
cationic wetting agents is always smaller than that
of anionic and nonionic wetting agents at the same
concentration. As the concentration increases, the
sedimentation volume of different types of wetting
agents gradually decreases, indicating that as the
concentration increases, the wettability increases,
and cationic wetting agents change the wettability
best. This is mainly because barite is negatively
charged. In comparison, cationic wetting agents are
more likely to be adsorbed on the surface of barite
particles by electrostatic attraction, thereby changing their surface wettability.
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FIGURE 2
Influence of wetting agent on the sedimentation rate of barite.
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FIGURE 3
Influence of wetting agent on the settlement volume of barite.
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TABLE 1
Influence of wetting agent on basic performance of oil-based drilling fluid
Initial
gel
FLAPI
FLHTHP
Experiment
AV
PV
YP
strength/
/mL
/mL
conditions
/(mPa·s) /(mPa·s)
/Pa
Final gel
strength
Before
56.5
38
18.5
8/14
7.8
aging
22.4
After aging
72
49.5
22.5
10/17
14
Before
63
42.5
20.5
6/10
8.2
aging
17.6
After aging
70
36
34
9/14
10
Before
58
38
20
4/7
6
aging
16
After aging
69
46.5
22.5
6/9
6.4

RSJ-CA

RSJ-AA

RSJ-NA

120

68.67

31.2

47.9

60
40

82.3

100

20.6

CONTACT ANGLE/°

140

80

837
1060
1178
1435
1095
1329

(2) Wetting performance of oil-based drilling fluid. The oil-based drilling fluid filtrate prepared with different wetting agents was used to
evaluate the impact of the drilling fluid on the wettability of hydrophilic solid surfaces and lipophilic
solid surfaces. The results are shown in Figure 4.
After the addition of cationic wetting agent, the
drilling fluid filtrate increases the contact angle of
the hydrophilic surface to 68.67° which can modify
the oil-wet surface to neutral wetting. Anionic and
nonionic can increase the contact angle of hydrophilic surfaces to a certain extent. For oil-wet surfaces, non-ionic wetting agents basically do not
change the contact angle. Non-ionic wetting agents
can reduce the contact angle of oil-wet surfaces, but
their effect is still limited. This is because for hydrophilic surfaces, cationic surfactants are adsorbed
on negatively charged points on the surface by
electrostatic attraction, causing the hydrophobic
chains in the molecules to face outwards, increasing
the contact angle of
120.8

None

ES
/V

demulsification voltage, and good emulsion stability.

The effect of wetting agent on oil-based
drilling fluid performance. (1) Basic performance of oil-based drilling fluid. After the wetting agent is added to the oil-based drilling fluid, its
influence on the basic performance and wetting
performance of the drilling fluid needs further study.
An oil-based drilling fluid system is preferred. The
system formula is: 85% 5# white oil + 15% CaCl2
aqueous solution + 2% organic soil + 3% primary
emulsifier + 2% secondary emulsifier + 2% alkalinity regulator + 2 % Fluid loss agent + 3% wetting
agent + barite weighted to 1.6g/cm3. Three different
types of wetting agents were added to measure the
rheological properties, fluid loss properties, electrical stability and wettability of the filtrate. The results are shown in Table 1. Different wetting agents
have different effects on the basic properties of oilbased drilling fluids. Cationic wetting agents have a
greater impact on the rheology of drilling fluids,
and the demulsification voltage is lower, indicating
poor emulsion stability [15]. After the addition of
anionic and non-ionic wetting agents, oil-based
drilling fluids have good performance, with stable
rheological fluid loss before and after aging, high

103.8

Wetting
agents

Volume 29 – No. 12A/2020 pages 11606-11614

112.4

© by PSP

20
0
HYDROPHILIC SURFACE

LIPOPHILIC SURFACE

FIGURE 4
Results of wettability of oil-based drilling fluid by wetter components.
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FIGURE 5
Results of wetting agent on settlement stability of oil-based drilling fluid.
the hydrophilic surface [16-17]. However, the adsorption of anions and non-ions is small, so the
change in wettability of hydrophilic surfaces is
relatively low. For the oil-wet surface, the cationic
surfactant forms an "ion pair" with the negatively
charged carboxyl group on the oil-wet surface
through electrostatic attraction, thereby precipitating the lipophilic substance on the surface and
transforming the oil-wet surface to a hydrophilic
surface.
As for anionic surfactants, they can only be
adsorbed by hydrophobic effect, and because their
surface is negatively charged, due to electrical repulsion, anionic surfactants are less adsorbed on the
oil-wet surface. Non-ionic surfactants also change
the wettability of solid surfaces through hydrogen
bonding and hydrophobic interaction. Due to their
own electrolessness, the adsorption capacity is
slightly larger than that of anionic surfactants, and
the wetting modification effect on oil-wet surfaces
is also slightly stronger [11, 18].

analysis of the wetting transformation effect of the
single component of the wetting agent on the barite
shows that the wetting agent can transform the
hydrophilic barite to oil-wet, thereby making the
barite more compatible in oil-based drilling fluids
[19]. In this part, the static sedimentation method is
used to measure the static sedimentation density
difference of the drilling fluid system after adding
the wetting agent, and to evaluate the effect of the
wetting agent on the settlement stability of the oilbased drilling fluid system. The results are shown
in Figure 5. The sedimentation density difference of
oil-based drilling fluid without wetting agent is
0.87g/cm3. After adding the wetting agent, the sedimentation density difference is significantly reduced. Among them, the cationic wetting agent has
the best effect on improving the settlement stability,
and the settlement density difference is 0.33 g/cm3.
The effect of anionic and nonionic wetting agents is
slightly worse than that of cationic wetting agents,
and the results are consistent with the results of
barite sedimentation experiments.

(3) Stability of oil-based drilling fluid. 1)
Evaluation of settlement stability. The previous
TABLE 2
Results of the ability of wetting agent to resist cuttings pollution of oil-based drilling fluid
Initial gel
strength/
FLAPI
Drilling fluid sysExperiment
AV
PV
YP
Final gel
/mL
tem
conditions
/(mPa·s)
/(mPa·s)
/Pa
strength
A: No wetting agent Before aging
42
34
8
4.5/10
3.4
system
After aging
51
38
13
6/12
5
Before aging
68
42
26
13/34.5
6
A+3% poor soil
After aging
41
25
16
8/18
13.4
A+RSJ-CA
Before aging
73
47.5
25.5
10.5/24
4.6
+3% poor soil
After aging
62
49
13
10/17.5
8.8
A+RSJ-AA
Before aging
68.5
44
24.5
12/23
6.4
+3% poor soil
After aging
59
38
21
8/14
9.2
A+RSJ-NA
Before aging
66
41.5
24.5
14/27
5.6
+3% poor soil
After aging
54
45
9
10/19
8.4
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2) Impact of drill cuttings pollution on oilbased drilling fluid performance. The intrusion of
drill cuttings during drilling will affect the performance of the drilling fluid system. Because the drill
cuttings have a hydrophilic surface, they absorb the
free water of the system after invading the oil-based
drilling fluid, which affects the viscosity and stability of the system [20]. In the experiment, a certain
block of argillaceous siltstone fragments were selected and crushed and passed through a 100-mesh
screen as the intrusive cuttings during the drilling
process to evaluate the impact of the addition of
wetting agent on the anti-pollution ability of oilbased drilling fluids. It can be seen from the results
in Table 2 that the intrusion of poor soil/drill cuttings causes changes in the rheology and fluid loss
properties of the drilling fluid system. The viscosity
and shear force increase, the fluid loss increases,
and the performance deteriorates. Compared with
the drilling fluid system with wetting agent, the
influence of poor soil on the performance of the
system is reduced, and the overall viscosity is increased. However, the viscosity changes before and
after aging are small, and the fluid loss performance
is relatively stable. Among them, cationic wetting
agent has the best regulation and stabilization effect
on rheology.

Fresenius Environmental Bulletin

necessary to evaluate the damage degree of the
drilling fluid system to the reservoir after the wetting agent is added.
(1) The influence of oil-based drilling fluid
filtrate on reservoir wettability. Wetting agents
can change the surface of the rock from hydrophilic
to oil-wet, resulting in an increase in oil phase flow
resistance, a decrease in relative permeability, and
damage to the reservoir. The contact angle method
was used to evaluate the degree of change in the
wettability of the reservoir by the drilling fluid
system after adding wetting agent [13]. In the experiment, sandstone cores and shale core slices
were selected, cut into slices about 1 cm thick, and
polished to deoxidize the surface. Then the core
slices were immersed in drilling fluid filtrate prepared by adding different wetting agents. After air
drying, we measure the surface contact angle, and
the results are shown in Table 3. Sandstone and
shale cores are hydrophilic surfaces with small
contact angles. In oil-based drilling fluid filtrate
without wetting agent, the core wettability is increased due to other components, but the degree is
limited.
After the core is treated with drilling fluid filtrate with wetting agent, the core contact angle is
significantly increased. The cationic wetting agent
can increase the wettability of sandstone core to
86.34° and the contact angle of shale core to 75.49°,
which significantly change the wettability of the
reservoir. Anionic and nonionic can also increase
the core contact angle to a certain extent, but due to
the limited adsorption capacity, the degree of wetting modification is not as good as that of cationic
wetting agents. The above research results show
that after the oil-based drilling fluid comes into
contact with the hydrophilic reservoir rock, the big
change in wettability is not caused by the oil phase
in the drilling fluid itself, but is mainly the wetting
surfactant. In addition, other studies believe that it
is also related to polar components such as oxidized
asphalt in oil-based drilling fluids, which interact
with the rock surface to cause changes in wettability [16, 20].

Evaluation of reservoir damage performance of oil-based drilling fluid systems with
different wetting agents. Generally speaking, oilbased drilling fluids have stable performance, good
inhibition performance, little damage to the reservoir, and are suitable for the development of many
unconventional reservoirs. But despite this, the oilbased drilling fluid system will still cause damage
to the reservoir to a certain extent. This is mainly
because: on the one hand, the oil-based drilling
fluid filtrate is an oil phase [21]. After invading the
reservoir, it will affect the wettability of the reservoir. The change in wettability will have a great
impact on the migration of oil and gas, which will
lead to the change of relative permeability. On the
other hand, the invasion of solid particles in the oilbased drilling fluid will also lead to the damage to
layer permeability of the reservoir. Therefore, it is

TABLE 3
Evaluation of wetting reversal effect of wetting agent on oil-based drilling fluid reservoir
Type of filtrate
Deionized water
Drilling fluid without wetting agent
RSJ-CA
RSJ-AA
RSJ-NA

Sandstone core contact angle /(°)

Shale core contact
angle /(°)

22.31

30.25

43.54

49.23

86.34
69.29
52.76

75.49
63.53
40.37
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TABLE 4
Results of the influence of wetting agent on the particle size of oil-based drilling fluid
Type of filtrate
D10ȝP
D50ȝP
D90ȝP
Deionized water
1.221
13.249
58.342
Drilling fluid without
0.659
7.492
45.673
wetting agent
RSJ-AA
0.829
8.347
48.223
RSJ-NA
0.943
9.924
50.271
permeability damage rate as an indicator evaluate
the pollution degree of the oil-based drilling fluid
system to the reservoir [15].
The results are shown in Table 5. The permeability damage rate of the drilling fluid system with
cationic wetting agent is 64.50%, which is higher
than the permeability damage rate of the drilling
fluid system without wetting agent. In contrast, the
addition of anionic wetting agent can reduce the
damage to the reservoir to a certain extent. This is
mainly due to the wetting reversal effect of the
wetting agent that makes the rock surface change
from hydrophilic to lipophilic, and the oil phase and
the lipophilic colloid in it are more likely to adhere
to the surface of the lipophilic pores, thereby occupying the gas flow channel, resulting in the reservoir permeability drops. Therefore, the cationic
wetting agent, which has the most significant effect
on reservoir wetting modification, will aggravate
the pollution of the reservoir, while the anionic
wetting agent has limited effect on the change of
reservoir wettability. The amount of drilling fluid
filtrate that invades the reservoir is reduced. The
anionic wetting agent has a certain effect of reducing the permeability damage of the reservoir.

(2) Influence of wetting agent on particle
size of oil-based drilling fluid. The solid particles
in the oil-based drilling fluid invade the reservoir
and block the pores or micro-fractures in the nearwell zone, thereby reducing the permeability of the
reservoir and causing solid damage. The addition of
wetting agent changes the wettability of solid particles in the oil-based drilling fluid. The solid particles are more stable in the oil phase and have better
dispersion, thereby improving the fluid loss performance of the drilling fluid system and reducing
the filtrate and solids. The phase invades the reservoir. First, the main particle size distribution of the
oil-based drilling fluid filtrate after adding different
wetting agents was tested, as shown in Table 4. The
results show that in the oil-based drilling fluid
without wetting agent, the content of solid particles
ZLWK D SDUWLFOH VL]H RI OHVV WKDQ ȝP LV  DQG
the content of solid particles with a diameter of
aȝPDFFRXQWVIRU7KHVL]HRIVROLGSDUWL
cles is significantly reduced after wetting agent is
added. Small, cationic wetting agent can reduce the
particle size of 50% solid phase particles of the
V\VWHPWREHORZȝP
(3) Evaluation of the damage of wetting
agent to reservoir permeability. The addition of
the wetting agent not only affects the wettability of
the reservoir but also affects the particle size of the
solid phase. The final damage to the reservoir is
reflected in the reduction of reservoir permeability.
We use a certain block of shale cores to conduct
dynamic pollution experiments and use oil-based
drilling fluid as the pollution phase. After contaminating the cores, we perform nitrogen flowback
displacement to measure the changes in core permeability before and after the pollution, and use the

CONCLUSIONS
(1) Different types of wetting agents have different wetting capabilities. Cationic wetting agents
have the best wetting reversal effect. The surface of
hydrophilic barite particles can be modified to be
close to neutral. The anionic and non-ionic wetting
agents have poor modification ability.

TABLE 5
Results of wetting agent damage to reservoir permeability
Permeability
Permeability damPermeability before
after contamiage
Type of filtrate
Core
contamination
nation
/%
/mD
/mD
Deionized water
Y-1
0.0453
0.0242
46.58%
Drilling fluid without
Y-2
0.0369
0.0131
64.50%
wetting agent
RSJ-AA
Y-3
0.0412
0.0232
43.69%
RSJ-NA
Y-4
0.0508
0.0248
51.18%
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(2) The addition of cationic wetting agent increases the contact angle of the oil-based drilling
fluid system to 68.67°, transforms the wettability of
the hydrophilic particles in the system to neutral,
and reduces the sedimentation density difference of
the drilling fluid system from 0.87g/cm3 to 0.33
g/cm3, which improves the stability of drilling fluid
settlement and the ability to resist pollution by poor
soil such as drill cuttings.
(3) Cationic wetting agent can reduce the particle size of 50% solid phase particles of the system
WREHORZȝPWKHUHE\LPSURYLQJWKHIOXLGORVV
performance of the drilling fluid. However, it
should be noted that the wetting agent will change
the wettability of the reservoir core along with the
filtrate intrusion, making the oil phase invaded by
the oil-based drilling fluid more likely to adhere to
the surface of the channel and difficult to flow back,
resulting in a decrease in reservoir permeability.
Compared with cationic wetting agents, anionic
wetting agents have a better effect on slowing down
reservoir permeability damage.
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Horticultural therapy is a cross major subject, it
needs not only medical professional guidance, professional knowledge of horticulture, the help of other
management person, but also the landscape architect
to provide a creative space to combine the different
majors and different disciplines. Liu et al. [5] show
that it contains the horticulture, botany, soil science,
zoology, medicine, nursing, psychology, landscape
design, architectural design, management and sociology. They also explain that according to the definition of horticultural therapy from the American
Horticulture Therapy Association: gardening therapy can allow the participants to get the social, emotional, physical, cognitive, mental and creative benefits, through the gardening activities which are systematically arranged, such as the planting of flowers,
fruits and vegetables, dried flower crafts, therapeutic
landscape design. When come to the therapeutic garden, it is a kind of space and environment which is
creatively arranged and created by the landscape elements, to stimulate the user's sensory or provide a
space for gardening activities, so that to achieve the
purpose of treating the disease of body and mind. Ulrich et al. [6] and Lewis et al. [7] believe that therapeutic garden often contains two basic areas: the active using area and the passive using area. The active
using area refers to that users through actions to treat
themselves such as planting, taking care of plants
and animals, even walking in a garden. While the
passive using area, which means that users stay in a
relaxed environment, in the meantime, people can be
treated by the sounds from nature, the smell of flowers and the color from nature. In general, the effect
of horticultural therapy is not instantaneous. Li et al.
[8] asserts that at the initial stage of gardening, it is
hard to find the improvement of symptoms. However, after a period of observation, people will find
the changing of body and spirit. Therefore, the horticultural therapy is not obvious to healthy people
who work out consciously, but is obvious to people
who have some defect or cannot do activities by
themselves.
Gardens are designed in different forms and
styles in varieties of situations. A good design of a
garden means that it not only satisfied the aesthetical
feelings of visual sense, but also satisfied the needs
of users. Coming to the therapeutic garden, the good

ABSTRACT
With the improvement of people's living standard, the material pursuit of people has been gradually
satisfied, people pay more and more attention to the
cultivation of spirit and living environment. City garden is a popular place people spend time in. It not
only improves the city hot island effect and living
environment, but also can cure people in body and
mind. As a kind of garden, the therapy garden can
also improve the urban environment, and pay more
attention on the physical and mental therapeutic effect on people. The design of a therapy garden is different in a degree from that of an ordinary garden.
This paper introduces the historical origin and classification of therapy garden. Besides, the design
principle and elements of the therapy garden are discussed. Also, as the Friends' Sensory Garden as the
example to analyzes its design principle and elements to further prove that good design to build an
appropriate environment can promote the benefit of
the therapy garden.

KEYWORDS:
Garden environment, Design, Benefit, Therapeutic garden,
Urban environment

INTRODUCTION
In the nowadays life, gardens may exist in not
only countryside, but also the city. People gradually
realized that plants can play an important role in their
life. Plants can improve the air, adjust the temperature in a degree, clean the water and then improve
our environment. City garden, which can be built
near the house of citizen, not only increase some
green color in our living environment, but also can
reduce the city hot island effect, and even cure people in body and mind [1-4]. People are willing to
spend time in gardens, no matter taking care of plants
or just staying with plants, and believe that it is benefit to their health. As one kind of gardens, the therapeutic garden now become a hot topic in the world
for it can treat people by natural methods.
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design of it should be aim at the different treatment
targets and with sensuous enjoyment at the same
time. Thus, the therapeutic garden users can decide
what the projects and facilities to use in the garden,
which affect the design styles and methods in certain
degrees. Stokols et al. [9] argues that except for some
basic facilities such as tall trees for shading, lights
for lighting in the evening and chairs for rest, aiming
elements and design methods are also necessary like
aromatic plants for stimulating the olfactory sense,
broad road for allowing wheelchairs to through or dividing the garden in areas by the needs of using. It
can result in a good therapeutic garden, when a designer combines the treatment uses and garden designing principles well on a garden.
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‘Nightingale ward', named by a public health reformer Florence Nightingale, became the choice of
many hospital. The ward was designed as the patient
in bed can see the garden outside through the window.
The formal establishment stage. Sun et al.
[15-17] present that between the beginning of the
20th century and the end of 1949, increasingly gardening therapy programs are presented. In 1919, the
Dr. Charles Menninger who like natural environment with his son Karl Menninger founded the Menninger foundation in Topeka, Kansas of America.
The agency had designed many plant ecological
sidewalk and gardening project for each health plan
of the patient since it founded. In the middle of the
40 s, the U.S. government built many hospitals to arrange a large number of disabled veterans who are
returning from the Second World War. The hospitals
absorbed thousands of volunteers from the flower
club, at the same time brought in gardening activities
as a method of treatment [17]. There is not a proprietary name of the gardening treatment until 1948, the
American Ruth Place put forward the word "Horticultural Therapy". In 1949, the first horticultural
therapy project is planned by Miss Rhea McCandliss
for veterans, which marked the formal establishment
of horticultural therapy.

MATERIALS AND METHODS
History. The germination stage. Ranging
from the ancient Egypt to the 17th century, people
have simply realized that the nature can benefit to the
physical and mental health. Approximately the 500
BC, the Persians designed and built gardens which
are full of plants to satisfy the demands of five senses
of people and decreasing the high temperature [1013]. McDowell [14] shows that the ancient Greeks
and Romans believed that the patients contact more
with the nature in the visual and physical aspects can
help to recover body and mind, such as the fresh air,
sunlight, plants and outdoor space. The ancient
Greeks regarded the sleeping garden as the prescription of hospital patients, while the Roman armies’
hospital integrating the garden and open space to
promote the patients to recover.

The mature stage. In the 1950 s, the Michigan
State University created the first degree of horticultural therapy. In 1972, the Kansas State University
opened the first course which combining the psychology and gardening. In 1973, the first American
horticultural therapy association, which named as
the 'National Council for Therapy and Rehabilitation
through Horticulture (NCTRH)', was established.
The name of the association was changed to "American Horticulture Therapy Association (AHTA)' in
1988 [18]. From then on, more and more people devote to study the therapeutic garden in a system. Experts and scholars try to professionalize the new subject. Nowadays, there are some professional researches and education subjects of therapeutic garden to be offered for people to understand it easily
and systematically.

The birth and early practice stage. From the
18th century to the end of the 19th century, horticultural therapy gradually is applied in the spirit disease. In the middle of the 18th century, patients were
still jailed with handcuffs and shackles in almost
psychopath asylum in Europe. In 1812, the psychiatry pioneer of clinical work Benjamin Rush, who
was a professor of medicine at the University of
Pennsylvania, found that gardening work can treat
the mental patients in a certain degree [10, 15]. From
then on, hospital began to bring in some gardening
subjects. In 1817, a psychopath asylum named as
Friends Asylum for the Insane in Pennsylvania was
officially opened. The psychopath asylum built a
garden around the building for the adjuvant treatment. The garden was full of natural and beautiful
scenery with wide vision, so that the hospital encouraged patients to walk usually, and to participate in
the work of taking care of the vegetable garden and
orchard. McDowell et al. [14] demonstrate that between the 19th and 20th century, with the appearance
of the germ and miasma spreading theory, people believed that the hospital should allow the air circulation to avoid the enlargement of infection. The

Garden designing. Since the therapeutic garden has developed up to now, it has formed a certain
system. Due to the therapeutic garden is used for different groups of people, designers usually have relative various plans to allow the garden to play the biggest function to treat people, which containing the
principles and elements.
Classification. Due to the enlargement of
spread of therapeutic garden, people find it can benefit them in many places, such as hospital, school,
children garden, communities. According to Zhang
et al. [19], the therapeutic gardens can be divided in
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different types by the objects who benefit from the
garden as followed.

to exercise, increase the muscle movement and improve the coordination of eyes and hands.

Alzheimer's disease garden. The garden usually contains the adults’ rehabilitation programs and
dementia treatment.

The cognitive improvement. People can enhance the memory, improve the concentration, and
learn some knowledge of plants through the contact
with plants such as making dried flowers and learning plants.

Healing garden. Focusing on the physical,
psychological and spiritual three aspects or which on
the one hand, to treat the overall health of the people.
It can be found in skilled nursing gardens, acute care
hospitals gardens and other rehabilitation equipment.

The improvement of emotion. Through contacting with the nature, people can release pressure
and relax themselves in a natural environment,
which improved the depressive symptoms. Besides,
people can get the sense of satisfaction and pride by
the fruits harvest, or completing the flower arrangement.

Rehabilitation garden. Compared with the patient treatment plan, the garden is often designed to
achieve desired medical effect. It generally focuses
on the physical rehabilitation firstly, next is the psychological and emotional recovery. Such as the rehabilitation hospitals gardens.

The type of social interaction improvement.
This refers to that people can enhance the abilities of
verbal communication and team cooperation, by
talking in a relaxed and natural surrounding and
completing gardening with others.

Restorative garden. Namely the mental hospitals gardens. The purpose of garden design is to relieve stress, pay attention to the psychological and
emotional health of patients, allow them to reach the
balance of body and mind after being stressful.

Principles. The basic principles of garden designing. When design a therapeutic garden, it is important to follow some basic principles which is necessary in the normal garden. Firstly, the garden
should reflect the people-oriented environment. The
common function of garden is usually regarded as
people can relax, release the stress in nature or exercise the body in an environment which is full of fresh
air and natural sounds. Thus, the garden should satisfy the basic function and be designed to service
people and meet the other needs of people.
At the same time, the garden should possess the
artistic sensuous beauty and accord with the natural
balance. About this principle, Ulrich et al. [6] argues
that the garden can be designed in a symmetrical or
asymmetrical form, and contain chosen plants as
well as other facilities which are echoed with each
other in the shape, color and texture. This can make
the garden look unity and harmonious. Moreover,
the planting bed or the activity area should have
some appropriate positions, certain shapes and
smooth beautiful line to allow the garden structure
clear and elegant. The circle, quadrangle, hexagon or
irregular shapes are all good choices to design the
planting bed and activity. In addition, the scale and
layer of the garden should be balance and suitable. A
certain and echoed with others scale of the size,
height and broad in the garden, as well as the different layer of the height and depth will make it more
natural and harmonious. Furthermore, there should
be some emphasis and focus in the garden such as
high tree or shrub with big size. Appropriate emphasis and focus can attract people and allow the garden
strong or weak in different spaces to be balance and
natural.

Senior community garden. The garden contains s series of senior care subjects like assisted living and tracking care retirement communities.
Cancer garden. It serves for cancer patients
with some chemotherapy rehabilitation methods.
Enabling garden. Through the positive activities, maintaining and improving the physical condition of people step by step. The garden emphasizes
the particular stage of life, can improve the ideology
and outlook with the help of meaningful reflection
and cognitive activities. Such as the professional
schools and the botanical gardens.
Meditation garden. The garden is usually designed to provide the focus of concentration and allow the patient to relax themselves and quietly thinking. In this kind of garden, the mental and psychological recovery is more important. Usually it is built
in some religious institutions and the garden with
other faiths.
While, the classification of therapeutic garden is not
such clear in some realistic garden, because sometimes a garden will cross the treat direction and plans
to help people. In the opinion of Hefley et al. [20],
therapeutic garden can be divided into the improvement of physical, cognitive, emotional and social interaction these four types.
The improvement of body. It means the gardening activities such as seeding, watering, fertilizing and pulling weeds, can offer people the chance
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improve the air quality. Firstly, the plants in therapeutic garden should be harmless, local species and
easy to take care, because the users mostly who have
difficulties to move or have hurts on body or spirit,
the plants which are harmless, local and easy to live
are appropriate for them to manage. Additionally,
Johnston et al. [13] presents that the plants should be
able to stimulate the five senses of people: vision,
audition, smell, touch, taste. The stimulation of five
senses can help the visual disabilities to identify the
direction, improve the connection of nature, improve
people’s memory and benefit the treatment. Based
on this, designers can choose some colorful, edible,
interactive, smelling plants and the plants which can
attract birds and insects.

The principles of therapeutic garden designing. Except for the basic garden designing principles, there are also some special and different principles in a good design of the therapeutic garden. The
therapeutic garden can be divided into two areas to
treat people, one is environmental therapy, the another one is horticultural therapy [21]. The environmental therapy means treating people by allowing
them to contact with nature as more as possible. It is
necessary to design areas to allow people stay with
plants to release press, feel the life cycle, cultivate
the adaptability and patience. While the horticultural
therapy refers to treat people by planting and horticultural operating activities. Li et al. [8] argues that
laboring is one of the most important subjects in horticultural therapy, it contains sowing, planting in basin, weeding, harvest, flower arrangement and handwork such a series of operations to increase energy,
build confidence, feel the rhythm of life, cultivate
patience and attention.
The gardens should be simple, convenient to arrive, easy to find paths, easy to participate in activities and easy to maintain operation. The whole designing style and concept should be clear and inspiring, rather than ambiguous or difficult to understand
abstract art. People who use the therapeutic garden
are usually stressful or have mental hurt, complex
designing will bring more serious stress or mental
hurt. The road should allow at least two wheelchairs
to cross, a cylindrical garden road system and barrier-free designing are considerable. While the angle
of slope should not too great because it is hard for
some disabled people to trough, but can have a little
to help people recover walking. About the height and
forms of plants and planting bed, it should be appropriate to allow the people who use wheelchair can
touch. Moreover, there should be some lead identification and sweet declarative statement in some particular area of activities and the edge space of the
garden. It is also considerable that providing some
plants and facilities to stimulate the senses and improve the ability of life, such as the colorful plants,
aromatic plants, sculpture, painting and music can
revive spirit in a degree. Furthermore, there should
be some public open spaces and private close spaces
in the garden, the public space can create the opportunities to exchange and talk with others, the private
space can be used to relax, meditate, or have private
conversation.

Water. Water is the landscape element which
closest to nature. Water has liquidity and can support
life. The flow of water can reduce the noise and bring
the auditory stimulus to people, which can release
the stress of people and rise the connection of nature.
In addition, the arrangement of water can soften the
division of spaces and enrich the possibility of space.
The experience of water can be diversified, such as
rivers, lakes, ponds, fountain, wall fountain and water spray.
The garden road pavement. The garden road
should comply the barrier-free designing rules, and
can use flat, slip-resistant, elastic pavement material
and which is convenient for wheelchair as more as
possible. This can benefit for some disabled people
to have activities. It is also a good idea to use material which can make a sound to form garden road
such as the wood or stone, so that the sound can stimulate audition of people to benefit their treatment.
Space. Landscape is a creative combination of
space. The therapeutic garden should provide the
rich spaces to shading, recover, operate garden, communicate and educate. The moving line of spaces
should be coherent with a certain direction, and have
a clear definition. Thus, the garden can be unity and
harmonious and the users of the therapeutic garden
can trough the garden easily.
Facilities. The facilities in the therapeutic garden is also very important and useful. It is a supplementary set to treat people better. For example, the
facilities to attract birds and insects to stop can improve the connection between people and nature [2324]. The interesting bells and windmills can bring
the auditory stimulus and release the stress. The appropriate amounts and position of chairs and desk
can allow people to have a rest, have a conversation
or have a meal in the natural environment. The umbrella or pergola can provide people shade to avoid
sunburn. The handrail in suitable height and position
can help disabled people to stand or walk.

Elements in the therapeutic garden. A good
design of therapeutic gardens also needs to focus on
combining the different elements. Liu et al. [5]
claims that the basic elements of the therapeutic garden are as followed.
Plant. In the therapeutic garden, plant is undoubtedly the most important element. Brink et al.
[22] illustrate that plants can offer the shade to reduce temperature, reduce the noise in a degree and
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The other elements. The other landscape elements of nature, such as stone, wood, hill, sunshine,
air and wind, can help the garden more nature so that
people can be treated better in the garden.
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which through the sensory stimuli to help the brain
injury patients to recover. It is located in the Royal
Talbot Rehabilitation Centre in Melbourne, Victoria,
Australia. The designer of the garden is Steven
Wells, who is a brain injury therapist as well as a
gardener. Based on the two aspects of professional
knowledge, Steven decided to design a garden to
help brain-damaged patients recover in 2003. The
designing plan of the Friends' Sensory Garden are as
the Figure 1 showed, the garden has clear and simple
structures, is very harmonious and balance in the
whole designing. The focus point of the garden is the
big tree in the southwest corner. The grass, shrub and
trees form a different height of layers, which make
the garden more natural and unity. High trees can
provide shade, fresh air and reduce noise, this can
give people a quiet and comfortable environment.
Colorful elements allow the garden looking dynamic
and positive.

RESULTS
The therapeutic garden can treat people better
and more targeted after a good designing, because
designers will have some reasonable, humanizing
principles and elements to allow the patients feel
comfortable, convenient and useful for their problem
which need to be treated. It can be more efficient and
effect on the treatment than the common garden. As
the Friends' Sensory Garden as example.
According to ABC Gardening Australia Home,
the Friends' Sensory Garden, is a therapeutic garden,

FIGURE 1
The design drawing of the Friends' Sensory Garden [2, 5]

FIGURE 2
The main view pre-construction in February 2005 (Left) and the main view in November 2007 (Right) of
Friends' Sensory Garden [2, 5]
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Steven considered the patients need to treat
themselves by stimulating the five senses, so he decided to combine the gardens with vision, smell,
sounds, touch and taste. The changes of the garden
are as the Figure 2 present. The paths have become
flatter with clear direction guide. More green and
colorful plants were planted to meet the need of visual stimulating to help the brain injury people to relax eyes and brains.
In the Figure 3, there is a public open area and
a private close area in the garden to satisfy different
needs of patients. The open area allow people to have
a talk with each other’s, which can improve the social skills of patients, exercise the brain to think, organize language and express, at the same time people
can stay in a relatively natural environment with
fresh air offered by plants surrounded. This is good
for them to treat the injury brain. While the relatively
close area can provide a space to people who want to
stay alone or have a private conversation, also they
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can stay in natural and relaxed environment with
fresh air. This is also good for patients to treat injury
brain.
In the garden, there are some reasonable elements benefit to the treatment of brain injury patients. The duck statues and the metal butterflies in
the Figure 4 not only increase color to the garden,
but also grow some child interests. The child interests can relax people and release their stress to help
the injury brain to recover. While different color can
stimulate the vision of patients and improve the brain
to process information to benefit the treatment. The
colorful rainbow wall and plants in the Friends' Sensory Garden have the same function. Besides, the
rainbow wall can also guide people the direction, and
allow the green area will not too monotonous. In the
Friends' Sensory Garden, there is a water element by
the road, which can allow people to touch water and
hear the flow of water to stimulate their sense of
touch and hearing.

FIGURE 3
The public sapce and the private space of the Friends' Sensory Garden [2, 5]

FIGURE 4
Some elements in the Friends' Sensory Garden [2, 5]
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From the Figure 5, it can be found there are
many elements bring the stimulus of vision, touch,
smell, hearing and taste to patients in the garden.
Colorful pots can result in the visual stimulus to benefit the recovering of injury brain as written above.
The Lamb's ear (top left of Figure 5) and the Pennisetum advena 'Rubrum' (top right of Figure 5) have
special surface to stimulate the sense of touch of people, which ia also good for the brain to exercise itself
to deal with information. The smelling and edible
plants, in the certain height of pots in the two sides
of the Herb Alley (middle left of Figure 5), can allow
the people who use wheelchair to touch and smell
plants as well. Stimulating the sense of smell, touch
and taste can relax patients and improve their brain
to recover (middle right of Figure 5). The birds in the
garden are good friends to stimulate the people’s
hearing sense, which is also good for the treatment
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of injury brain (bottom left of Figure 5). Furthermore, the radish crops and pumpkins planted by patients will not only stimulate the sense of taste, but
also exercise their body (bottom right of Figure 5).
Patients need to sow, take care of plants and harvest
by themselves in the garden, this can improve their
awareness of life’s indomitable spirit, strengthen
their body health and maintain their good mood.
According to the analysis of the Friends' Sensory Garden, it satisfies the basic aesthetic principles
of designing garden and also meet the needs of users.
Injury brain people in the garden can treat them better because of the humanizing and targeted subjects,
namely the subjects are almost based on stimulating
the five senses of people. Moreover, patients can relax themselves and release the stress in the natural
environment. Thus, the design of the garden is benefit to the treatment of injury brain patients.

FIGURE 5
Design elements and activities in the Friends' Sensory Garden [2, 5]
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DISCUSSION AND CONCLUSIONS
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ABSTRACT

INTRODUCTION

Survey studies were carried out in in 2018 in
$GÕ\DPDQ 7XUNH\, where tobacco is traditionally
produced, to detect the viruses that infect tobacco including Tobacco mosaic tobamovirus (TMV), Cucumber mosaic cucumovirus (CMV), Potato potyvirus Y (PVY), Tobacco vein banding mosaic potyvirus (TVBMV), and Tobacco etch potyvirus
(TEV). Accordingly, 450 fresh tobacco leaves were
simultaneously analyzed by the multiplex RT-PCR
method for the presence of tobacco viruses. As a result of molecular analysis, CMV (8.8%), TMV
(5.5%), and TMV + CMV mixed infection (0.2%)
were detected in 40 of the tobacco samples. TEV,
PVY, and TVMBV viruses were not detected in any
of the samples. The overall infection incidence of toEDFFRYLUXVHVLQ$GÕ\DPDQSURYLQFHZDVIRXQGWREH
14.4%. Two isolates were randomly selected from
each detected virus and their coat protein (CP) genes
were cloned into the prokaryotic cloning vector and
transformed into E. coli. Recombinant plasmids obtained from positive clones were sequenced by Next
Generation Sequencing (NGS) system to reveal the
viral (CP) sequence. Nucleic acid sequence similarity analyses revealed that the 709 $GÕ\DPDQ LVR
lates showed similarity in the range of 74.17-99.38%
and the &09 $GÕ\DPDQ LVRODWHV in the range of
75.61-99.54%. In the phylogenetic analyis using
(CP) sequences, tobacco-CMV isolates were found
to be in phylogenetic affinity with the Greece
(AY450854) and Japan (AB448696) isolates, while
both tobacco-TMV isolates showed a phylogenetic
affinity with the Serbia isolate (GQ340671). According to the current literature, this is the first molecular
VXUYH\ VWXG\ RQ WREDFFR YLUXVHV LQ $GÕ\DPDQ DQG
Turkey. With the present study, the molecular characterization of the isolates selected with the presence
of CMV and TMV in the tobacco plant has been reported for the first time.

Tobacco is an industrial herbaceous plant belonging to the Solanaceae family and the Nicotiana
genus. The homeland of tobacco has been reported
to be Central America and the Antilles and approximately 95% of tobacco is used in cigarette industry
[1; 2].
Today, tobacco is grown in 128 countries and
the top seven producer countries are China, India,
Brazil, USA, Russia, Indonesia, and Japan. The
share of tobacco in cultivated agricultural areas
worldwide is about 4 million hectares [3]. Tobacco
was brought to Turkey by the Venetians in 1580, after than produced in different regions by 1630 [4]. In
Turkey, the Aegean Region ranks first in terms of
tobacco production in Turkey (78%) followed by the
Black Sea (10%), Marmara (5%), Southeastern Anatolia (4%), Mediterranean (2%) and Eastern AnatoOLDUHJLRQV  UHVSHFWLYHO\$GÕ\DPDQKDVDVKDUH
of 100,329 acres and 9,739 tons in tobacco production in Turkey [ 5].
In addition to fungal and bacterial diseases, single-chain positive polarity RNA viruses lead to product and quality losses in tobacco. Many different viruses including TMV, TEV, PVY, CMV, and
TVBMV infect tobacco and increase the protein nitrogen in its tissues and decrease the level of sugar,
negatively affecting the quality [6].
TMV is a viral agent within the Tobamovirus
genus, containing a single-stranded RNA genome
and having 300 × 18 mm sized rod-shaped particles.
It can infect 199 different plant species belonging to
30 families in the world [6]. The virus can be easily
transmitted through rubbing of one plant to another,
shoots, seed, insects, and mechanical inoculation [7].
TMV can survive for a long time in plant residues,
virus-infected soils, and some weeds [8].
CMV classified in the Bromoviridae family has
a single particle composed of three-particle (+)
ssRNA genome with a round shape of approximately
29-30 nm diameter. The three-part genome consists
of RNA1, RNA2, and RNA3. CMV can be transmitted non-persistently with 80 different aphid types,
especially Myzus persica and Aphis gossypii, as well

KEYWORDS:
$GÕ\DPDQ709&09Characterization, Multiplex RTPCR, Tobacco.
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as it can be transmitted to healthy plants mechanically or through seeds. It has a host range of over 500
genera and over 1300 species [9; 10;11].
PVY, TEV, and TVBMV are members of the
Potyviridae family and have flexible 730x11 nm
sized rod particles [12]. It was determined that PVY
can be transmitted mechanically from infected plants
to healthy plants with plant sap and by numerous
aphid species in non-persistent manner [13].
TVBMV was first discovered in Taiwan in 1964. It
induces symptoms like chlorotic rings, vein banding,
and systemic necrotic rings in the leaves of virus-infected tobacco plants [14; 15]. TEV can be transmitted by about 20 different aphid species and triggers
infection in more than 150 species of 20 families [16;
17]. Virus-infected plants generate symptoms including leaf deformation, mosaic, and chlorotic
spots, narrowing in the leaf surface, dieback on the
shoots, deformities in fruit, leaf blight, and dwarfing
[18].
The occurrence of common viruses infecting
that the tobacco plants have been reported on a
global scale in countries including Iran (TMV) [19],
China (TEV) [20], Malaysia (CMV) [21], Colombia
(PVY) [22]. and China (TVBMV) [23; 24]. ELISA
[25; 26] and PCR based molecular methods [27; 28].
are used successfully in the determination of tobacco
viruses. Among the PCR-based molecular methods,
the multiplex RT-PCR is a time-saving and cost-effective method that allows simultaneous identification of many targeted pathogens, thanks to a single
reaction preferred by many investigators [29; 30].
Although CMV [31], PVY and TMV [32], and
TEV [33]. have been reported in various hosts in
Turkey, there have been no reports on the presence
of TVBMV. With the present study, the presence of
TMV, TEV, PVY, CMV, and TVBMV viruses that
infect tobacco was investigated by the multiplex Reverse Transcriptase-PCR (m-RT-PCR). Two randomly-selected clones from each virus isolates de-
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tected were cloned, sequenced, and phylogenetic relationships with other world isolates were revealed,
depending on the coat protein gene.

MATERIALS AND METHODS
Materials. In July 2018, 450 leaf samples were
collected from the tobacco fields in Kahta, Besni,
Merkez, Samsat, Sincik, Tut, and Çelikhan regions
LQ$GÕ\DPDQ7KHVDPSOLQJZDVFDUULHGRXWE\VH
lecting plants from each field and from different regions representing the field. The collected samples
were placed in polyethylene bags and brought to the
laboratory under cold chain and stored at -80 ° C until total RNA extraction was performed.
Total Nucleic Acid (TNA) Isolation and Primer Design. The total RNA extraction from the tobacco leaf samples collected was performed according to the silica-based method, as reported by [34]
since the viral genome was RNA structured. Total
RNAs obtained in 100 μl were stored at –20 ° C until
use. The primers designed by [29] were used
throughout the diagnostic study (Table 1).
cDNA synthesis and Simultaneous detection
with m-RT-PCR. The random hexamer primer,
which recognizes the RNAs of tobacco viruses, was
utilized in the synthesis of cDNA from total RNAs.
Temperature cycles and primer sets reported by [29]
were adopted in the m-RT-PCR test. Final volume of
50 μl of the PCR-mix was prepared by adding 28.6
μl Nuclease-free water, 5 μl 10X PCR Buffer, 3μl
25mM MgCl2, 1μl 10mM dNTP, 1μl 20μM primer
pair for each virus (for 5 viruses), 2μl cDNA, and 0.4
μl Taq DNA polymerase enzyme. 15 μl of the PCR
amplicons were electrophoresed and visualized in a
1% agarose gel with the addition of ethidium bromide [35].

TABLE 1
Primer pairs employed in the detection of tobacco viruses with the m-RT-PCR test and amplicon sizes
(Dai et al., 2012)
Virus
Primer
Sequence (5’-3’)
Access No.
Amplicon
Name
(bp)
TMV
CMV
PVY
TEV
TVBMV

TMVF
TMVR
CMVF
CMVR
PVYF
PVYR
TEVF
TEVR
TVBMVF
TVBMVR

TAGACCCGCTAGTCACAG
CAGAGGTCCAAACCAAAC
GTGGGTGACAGTTCGTAAA
GTGGGAATGCGTTGGT
CCGAGAATCAAGGCTATC
CGCTAAACCTACATCCC
TGATGGATGGTGAGGAG
GTGCCGTTCAGTGTCTT
GAGGTCGTGAACTTACAGC
TTTCCTCCTTCGTGCT
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JN711115

237

JN711116

273

JN711117

456

JN11118

347

JN11119
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© by PSP

Volume 29 – No. 12A/2020 pages 11624-11632

Cloning and sequencing of viral CP genes.
The CP genes of two randomly selected isolates that
gave a positive reaction were amplified using the
CP-specific primer pairs (5'-F-ATGTCTTACAGTATCACTACTCC-3 and 5'-R-TCAAGTTGCAGGACCAGAGG-3’
for
TMV
and
5'-FATGGACAAATCTGAATCAAC-3' and 5'-RTCAGACTGGGAGCACTCCAG-3’ for CMV).
Amplification for TMV-CP gene was set as 35 cycles of 5 min at 94 ° C and applied for 1 min at 94
°C, 1 min at 42 ° C (53 ° C for CMV), 1 min at 72
°C, and finally 72 ° C for 5 min. Amplicons were
gel-purified, cloned into the pGEM T-Easy vector,
and transformed into the competent cells (E.coli
JM109 strain). After the positive clones were confirmed by colony PCR, the recombinant plasmids
consisiting insert viral DNA were sequenced, revealed the CP nucleotide sequences, and recorded on
the GeneBank database (NCBI).
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RESULTS AND DISCUSSION
Symptomatology. During the survey studies,
viral infection symptoms such as mosaic and green
mottles were observed on the tobacco leaves (Figure
1).
Identification of Single and Multiple Infections. In the m-RT-PCR tests applied to tobacco, single and double viral infections were detected. The
test results revealed 237 bp for TMV and 273 bp for
CMV in agarose gel (Figure 2). TMV + CMV (0.2%)
mixed infection was determined in 25 (5.5%) of 450
samples, CMV in 40 (8.8%) and 1 in TMV + CMV
(0.2%). In molecular tests, TEV, TVBMV, and PVY
were not detected in any of the samples.
Multiple Alignment and Phylogenetic Analysis. Two randomly selected CP-DNA bands between 480 bp for TMV and 657 bp for CMV were
successfully purified from the gel, cloned and nucleotide sequences were determined. Multiple alignment analysis performed using 18 different CP sequences revealed that Turkey-TMV isolates showed
similarity at 74.17-% 99.38% while Turkey-CMV
isolates showed similarity at 75.61-99.54%. Phylogenetic analysis also exhibited perfect compatibility
with multiple alignment analysis. TMV isolates
(MK677444, MK689859) formed clusters with the
Serbia isolate (GQ340671), while CMV isolates
(MK704429, MK704430) with Greece (AY450854)
and Japan (AB448696) with high bootstrap values
(Figures 3 and 4).

Phylogenetic Analysis and Multiple Alignment. Nucleotide sequence similarity, multiple
alignment, and phylogenetic tree were created using
the Mega 7 software. The phylogenetic tree was created using the Neighbor-Joining algorithm with 100
bootstrap values by the CP gene sequences of viruses
detected in the present study and other viruses registered in the GeneBank. Accordingly, phylogenetic
affinities of both viral agents were performed by selecting 18 different isolates from different countries
and hosts. Barley yellow dwarf virus-PAV
(KC900900) virus isolate was used as an outgroup to
provide better branching of the tree.

a)

b)
FIGURE 1
Some virus symptoms are observed in the field during the survey studies. a) Distortion and mosaic
pattern on leaves b) Mosaic formation and dark-green patches on leaves
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273 bp CMV

237 bp TMV

B

A

FIGURE 2
Detection of tobacco viruses by RT-3&5LQ$GÕ\DPDQ3DQHO
A: Image of the TMV in agarose gel M: Marker (1000 bp), Lane 1-12: positive samples, NC: Negative control, PC: Positive
control; Panel B: Image of the CMV in agarose gel M: Marker (1000 bp), Lane 1-4, 7-9, 11-12: positive samples, NC: Negative
control, PC: Positive control.
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FIGURE 3
7KHSK\ORJHQHWLFWUHHRIWKH&3JHQHRI709$GÕ\DPDQ
(MK677444 and MK689859) N. tabacum isolates and other isolates created by the neighbor-joining method. KC572633 (N.
tabacum), China; AF103780 (N. tabacum), North Korea; LC390164 (Luffa acutangula), Indonesia; LN651241 (N. tabacum),
Vietnam; KM275231 (Petunia sp), USA; AF318218 (S. tuberosum), S. Korea; AF126505 (S. lycopersicum), India; KT923126
(N. tabacum) Brazil; KF527471 (S. lycopersicum), Iran; KM407602 (N. glutinosa), Turkey; KF184654 (S. lycopersicum), Serbia; KJ406323 (S. lycopersicum), Russia; JN711115 (N. tabacum), China; GQ340671 N. tabacum), Serbia; MK087763 (N.
benthamiana), Spain; DQ401152 (Leonotis nepetaefolia), Mexico; AY029262 (Petunia sp.), Brazil; KY810785 (Nicotiana
sp.), United Kingdom. KC900900: Outgroup (Triticum aestivum) to BYDV-PAV isolate, Turkey.

In the present, study, the presence of TMV, CMV,
PVY, TVBMV, and TEV were investigated using
the m-RT-PCR method and phylogenetic analysis of
the selected isolates were carried out in tobacco
SODQWVWUDGLWLRQDOO\FXOWLYDWHGLQ$GÕ\DPDQORFDWHG
at the southeast of Turkey in 2018. The different infection incidences of TMV and CMV were detected
in 450 samples collected from plants with and without symptoms. PVY, TEV, and TBVMV infections
were not be detected. Laboratory tests revealed that
the natural infection incidence in tobacco plants was

low (14.4%, 65 out of 450 samples). Apart from the
Sincik and Tut regions, single or double infections
were detected in almost all fields studied. It was determined that the individual infection incidence was
8.8%, corresponding to 40 samples for CMV, and
5.5% corresponding to 25 samples for TMV. In the
study, double infection was detected only in 1 sample (0.2%). It was thought that the low overall infection incidence may be due to environmental factors
that are not suitable for acquiring the virus of insect
vectors and the preferred tobacco variant.
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FIGURE 4
7KHSK\ORJHQHWLFWUHHRIWKH&3JHQHRI&09$GÕ\DPDQ
(MK704429 and MK704430 N. tabacum isolates and other isolates created by the neighbor-joining method. AJ585026 (N.
rosulata), (-); AJ242585 (N. tabacum), China; MG251400 (-), S. Korea; AM396983 (-), India; AJ810258 (C. maxima), Germany; AJ585522 (Capsicum sp), Australia; AJ304403 (N. benthamiana), the Netherlands; AB069971 (Musa sapientum), Indonesia; AB448696 (S. tuberosum), Japan; AY450854 (N. tabacum), Greece; HQ829829 (N. tabacum), China; MG021462
(Xanthosma sp), Australia; MF100856 (Pisum sativum), Pakistan; JF918966 (N. tabacum), USA; KM262647; (N. tabacum),
Iran; KM207236 (S. lycopersicum), Egypt; KM516905 (S. melengona), Bangladesh; KX216873 (Musa sp), D. Congo.
KC900900: Outgroup (Triticum aestivum) to BYDV-PAV isolate, Turkey.

In various studies conducted in Turkey and different regions of the world has been reported that
CMV is the most common virus in tobacco plants
[11;36;37;38;39], particularly in Serbia [40], Greece
[41] and China [29;42].
Like CMV, TMV is an important host of tobacco and has been preffered worldwide in local lesion testing studies as an indicator plant [43]. The
presence of TMV in tobacco plants has been reported
in Azerbaijan, Zambia, and China [42;44;45]. In
Turkey, TMV and CMV have also been reported in
different regions and in different hosts. However,
there are limited reports indicating the presence of
these viruses in tobacco [46; 47; 48; 49; 50].
To our current data, studies on detection of tobacco related viruses in Turkey's tobacco-growing
regions are considerably rare. In the study conducted
by Erdem in 2008-2009 in Samsun, 196 tobacco
samples from 28 fields were tested against 7 viral
pathogens by DAS-ELISA The results showed that
most of the samples (40.3%) were infected with Tobacco mosaic virus (TMV). The percentage of samples infected with Potato virus Y (PVY), Tomato
spotted wilt virus (TSWV) and Tobacco etch virus
(TEV) were 7.65%, 5.61% and 4.08%, respectively.
Only 2.04 % of the samples were infected with either

Cucumber mosaic virus (CMV) or Alfalfa mosaic virus (AMV) [51]. According to this study, TMV virus
was found to be the most common virus on tobacco
plants,while WKHPRVWFRPPRQYLUXVLQ$GÕ\DPDQWR
bacco production field is CMV..
In the present study, TEV, TBVMV, and PVY
viruses were not found in the tobacco plant. Although the presence of TEV has been reported in various plants such as pepper and coleus [51;52; 53; 54;
20], its presence in tobacco has been reported in limited numbers of studies [29; 55; 56]. In Turkey, TEV
was first identified in pepper in 1985 [57] and then
its presence in different regions have been reported
with varying infection rates [58; 33;51;59; 60].
In the current study, the detection of five viruses was tested by m-RT-PCR and 237 bp fragments were obtained for TMV and 273 bp for CMV,
in line with the study by [18]. Other studies yielded
different lengths of fragments to the CP for both viruses with different primer sets [56]. The CP nucleotide sequences obtained from the present study
ZHUH QDPHG DV $GÕ\DPDQ  DQG $GÕ\DPDQ 
(MK677444 and MK689859) for TMV, CMV
$GÕ\DPDQDQG&09$GÕ\DPDQ 0.DQG
MK704430) for CMV, and their sequences were recorded in the GenBank, which was the same length as
the other sequences in NCBI database. Based on the
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results of multiple alignments of viral sequences,
709$GÕ\DPDQLVRODWHVshowed similarity to other
isolates between 74.17 and 99.38%, and CMV
$GÕ\DPDQLVRODWHVEHWZHHQDQG According to the analysis carried out by CLC Main
Workbench program, nucleotide substitutions were
identified in the CP gene sequences of Turkey$GÕ\DPDQLVRODWHVDWUDWHVUDQJLQJIURPWR
Phylogenetic tree created with sequences retrieved from different geographic regions in the GenBank supported multiple analysis results (Fig 3 and
Fig 4). Both TMV isolates were similar highest to
Serbia (GQ340671) isolate and lowest to Brazil isoODWH .7  &09 $GÕ\DPDQ  0. 
DQG&09$GÕ\DPDQ 0.430) isolates showed
the sequence consensus with the highest isolates
from Greece (AY450854) and Japan (AB448696),
respectively. Both isolates exhibited the lowest sequence similarity with the Holland isolate
(AJ304403). CMV isolates are grouped as subgroup
I and subgroup II (SI and SII). Also, subgroup I is
divided into two subgroups as A and B (53). As
noted in Figure 3, although Turkish-$GÕ\DPDQLVR
lates were collected from the same host and ecological region, the fact that they were in different groups
can be explained by being different phylogenetic relationships. The diagnosis of viruses can be made
precisely thanks to serological [25;61] and molecular
techniques [28; 27]. Today, m-RT-PCR testing has
been an advantageous tool both in terms of time and
cost for the definitive diagnosis of multiple viruses.
[30:62; 63]. This study, carried out by testing toEDFFRSODQWVLQ$GÕ\DPDQ(Turkey), is the first molecular-based study, when compared to the study
performed using ELISA in Samsun (Turkey).
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and the general public. However, coal resources
have still provided a stable energy supply for our
country for a long time, and the consumption of coal
resources is still large, accounting for 60.4% of the
energy structure [1-4]. The research on the content
level, occurrence state, and enrichment mechanism
of trace elements in coal is helpful to discover coal
series associated mineral resources, guide the efficient utilization of coal resources, and prevent harmful elements in coal from spreading to soil, water
system, and atmosphere. The geochemical study of
trace elements in coal also has an indicative role in
coal accumulation environment, depositional environment, and regional geological evolution history.
Shanxi Ningwu Coal Mine is located in the northeastern part of Ningwu County. The region has a
temperate continental climate [5-6]. The winter is
cold and dry, and the summer is hot and humid. The
lowest temperature of the year occurs in January,
with an average of minus 10°C. The highest temperDWXUHRFFXUVLQ-XO\ZKLFKLVႏ7KHDYHUDJHDQ
nual precipitation is 400-800 mm, and the precipitation is uneven in the four seasons, mostly concentrated in summer. Summer precipitation can reach
more than 60% of the annual precipitation (Figure
1). According to current preliminary research, the
Ningwu Coalfield has huge coal resources reserves,
reaching 39 billion tons. The coal production is
about 30 million tons per year.
Coal is widely used due to the numerous types
of associated trace elements. The study of the content, distribution characteristics and occurrence status of associated elements in coal can not only effectively remove harmful elements in coal, but also effectively reduce the environmental hazards of coal
combustion [7-9]. It is helpful to discover the beneficial elements enriched in coal and efficiently utilize
coal resources. The geochemical characteristics of
coal are divided into organic geochemical characteristics and inorganic geochemical characteristics. The
organic geochemical characteristics are mainly to
observe the microscopic coal composition and analyze the content and characteristics of organic compounds in the coal. The inorganic geochemical characteristics are mainly to study the coal content and

ABSTRACT
In order to analyze the characteristics of coal
quality composition of Shanxi Formation 2# in
Ningwu Coal Mine, Shanxi Province, the content
characteristics, occurrence state and enrichment
mechanism of the elements in the coal were discussed. X-ray fluorescence spectroscopy (XRF) is
used to determine the content of major elements in
coal and gangue, X-ray diffraction (XRD) is used to
analyze the mineral composition of coal, scanning
electron microscope + energy spectrum (SEM-EDX)
is employed to observe the morphological characteristics of minerals, the inductively coupled plasma
mass spectrometer (ICP-MS) is used to determine
the content of trace elements in coal and gangue, and
the progressive chemical extraction (SCEP) is employed to determine the presence of trace elements
in coal. Experimental studies have shown that the
minerals in Shanxi Formation 2# coal are mainly
clay minerals and calcite. The clay minerals are
mainly kaolinite, which is derived from terrigenous
clastic materials. Calcite is a metagenetic mineral,
which is precipitated in the circulating water of the
cracks or voids in the coal. The trace elements Li,
Cu, Ga, In, and Hf are slightly enriched, and Zr and
Nb are enriched. There is a positive correlation between some trace elements and ash, which indicates
that these trace elements are mainly contained in inorganic minerals, and some trace elements have no
obvious or negative correlation with ash, which indicates that in addition to inorganic minerals, trace
elements are also present in organic matter.

KEYWORDS:
Ningwu Coal Mine, Associated elements, Organic compounds, Rare earth elements, Shanxi Formation

INTRODUCTION
With the development of society, the concept
of clean energy and environmental protection has attracted more and more attention from the country
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enrichment mechanism of associated elements, the
types and occurrence status of associated minerals in
coal. In this paper, sampling is carried out according
to the groove sampling method, and the samples are
processed for industrial analysis and microscopic
coal and rock composition analysis after pre-processing, using inductively coupled plasma mass
spectrometry (ICP-MS), X-ray diffraction (XRD),
X-ray fluorescence Spectroscopic analysis (XRF),
scanning electron microscope + energy spectrometer
(SEM-EDX) and other equipment. The progressive
chemical extraction (SCEP) is used to analyze the
presence of trace elements [10-15].
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MATERIALS AND METHODS
Sample collection and preparation. The samples in this study are collected from 5 coal and
gangue samples from Shanxi Formation 2# in
Ningwu Coal Mine, numbered from top to bottom as
NG201~NG205, of which NG204 is the gangue
sample (Figure 2). To prevent contamination of the
samples, the collected samples are stored in sample
bags.

FIGURE 1
Regional location map of Shanxi Ningwu Coal Mine.

FIGURE 2
Sampling histogram of Shanxi Formation in Ningwu Coal Mine.
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The collected samples are naturally air-dried.
Some samples of coal and gangue are selected and
crushed to the size of soybeans with a geological
hammer. We select 18-40 mesh coal samples for the
production of coal rock light slices, store them in
polyethylene ziplock bags, and number and indicate
the sample size [16]. After the screening, the remaining coal samples are ground and crushed in a coal
mill, and then the 200 mesh coal samples are
screened for the determination and analysis of the elements in the coal. The samples are stored in a polyethylene ziplock bag, numbered, and the sample size
is indicated.
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We use the coal rock light sheet grinding system to grind the sheets on 400 mesh (time: 5-10s),
600 mesh (time: 180s), 1200 mesh (time: 300s) water sandpaper in sequence, and grind until the surface
RIWKHFRDOURFNOLJKWVKHHWLVVPRRWK:HXVHȝP
polishing cloth and diamond polishing liquid for polLVKLQJWKHQXVHȝPSROLVKLQJFORWKDQGDOXPLQD
polishing liquid to polish until the surface of the coal
rock light sheet is smooth and shiny. After that, we
use a high-pressure water nozzle to remove the polishing liquid on the surface of the coal rock light
sheet. We observe the polished coal rock light sheet
under a polarizing microscope. There are no obvious
scratches on the surface of the light sheet, and no impurities such as polishing liquid remain. The microscopic components in the coal are clearly distinguishable under the microscope. The boundary line
between the microscopic components and gel should
be clear, otherwise, the above-mentioned grinding
disc and polishing process should be repeated until it
is qualified.

Experimental method. In this study, industrial
analysis, microscopic coal and rock component observation, X-ray fluorescence spectroscopy (XRF),
low-temperature ashing X-ray diffraction analysis
(LTA-XRD), scanning electron microscope + energy spectrum analysis (SEM) -EDX), inductively
coupled plasma mass spectrometry (ICP-MS), and
progressive chemical extraction (SCEP) are employed.

Experiment under the microscope. Using the
Leica-DM2500P polarized light microscope, we observe the coal and rock light sheet under the oil immersion reflected light, take pictures and classify the
three major microscopic components and their subcomponents in the coal, and use the semi-automatic
microscopic coal and rock observation system to
summarize each microscopic component and mineral content. The number of measuring points is not
less than 500.
We use the CRAIC20/30PV microscope spectrophotometer to measure the vitrinite random reflectance (the number of measurement points is not
less than 50), and then take the average value as the
sample vitrinite reflectance.

Industrial Analysis. The industrial analysis of
coal is carried out in accordance with the requirements of "Industrial Analysis Method of Coal"
(GB/T212-2008) [6, 17], and the ash yield, water
content, and volatile content of coal are measured.
The calorific value of coal is measured by an automatic calorimeter and a fast intelligent sulfur analyzer is used to measure the total sulfur content in
coal.
Observation of microscopic coal composition. The observation of microscopic coal rock components can show the morphological characteristics
of microscopic coal rock components, and quantitatively count the relative content of each component,
which is of great significance to the study of coal accumulation environment and the enrichment mechanism of associated elements [18-19]. This time, the
coal samples NG201~NG203 and NG205 were used
to make coal rock light slices and observe the microscopic coal rock components.

X-ray fluorescence spectrum analysis. We
use X-ray fluorescence spectroscopy (XRF) to quantitatively analyze the content of major elements in
coal. The measured content of major elements is
generally given in the form of oxides, namely Na2O,
MgO, Al2O3, SiO2, P2O5, SO3, K2O, CaO, TiO2,
MnO, Fe2O3.
In order to improve the measurement accuracy,
the coal and gangue samples are ashed. We weigh
about 10g of the 200-mesh sample prepared in the
previous stage into an ash dish, and use stepwise
heating for ashing in a muffle furnace. The temperature is increased from 0 to 500°C for 30 minutes,
then, the temperature is maintaining at 500°C for 30
minutes. After that, the temperature increases from
500 to 815°C for 30 minutes. Finally, the temperature is keeping at 815°C for 4h to ensure that the
sample is fully ashed.
The coal ash was compressed into tablets using
BP-1 powder sample preparation machine and analyzed on the machine.

Production of coal and rock light film. We
take an appropriate amount (about 2g) of the coal
sample of 18-40 mesh prepared in the previous stage
and spread it flat in the mold. Then, we weigh an appropriate amount of epoxy resin and curing agent
(10:1) in a clean paper cup, and prepare the unsaturated polyester resin to form the gel, stir in the same
direction with a clean wooden stick until there are no
bubbles (about 10min), pour the prepared cold gel
into the mold containing the coal sample in sequence, and number it. Finally, we put the mold into
the vacuum dryer, let it stand until the colloid solidifies (about 24h), and remove the coal rock light
sheet from the mold.
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X-ray diffraction analysis. Low-temperature
ashing X-ray diffraction analysis (LTA-XRD) is one
of the effective methods to study minerals in coal.
Low temperature ashing treatment of coal samples
can effectively remove carbon elements and organic
matter in coal, and better retain inorganic minerals in
coal.
We take about 1g of the 200-mesh sample prepared in the previous stage and put it in a low-temperature ashing instrument for ashing until the sample has a constant weight and the color does not
change (about 10h). Then, we put the low temperature ashing sample into a glass tank, flatten and compact the surface, and test on the machine. Finally, we
use Jade6.0 software to perform qualitative and
semi-quantitative analysis of mineral composition
on the X-ray diffraction pattern obtained by the test.
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Progressive chemical extraction. Progressive
chemical extraction (SCEP), because it can qualitatively and quantitatively analyze the occurrence status of trace elements in coal, and ICP-MS can further
determine the occurrence status of a single element
in coal. It is often used for trace element extraction
in coal [21]. The Tessier five-state method is used
for chemical extraction step by step. The test samples are coal samples of Shanxi Formation NG203
and Taiyuan Formation NG504. The specific experimental steps are as follows.
Exchangeable ion state. We weigh 1g of the
200-mesh sample prepared in the previous stage into
a centrifuge tube and number it, add 8ml of 1mol/L
MgCl2 solution, shake continuously in a constant
WHPSHUDWXUH VKDNHU ႏ  IRU 1h, centrifuge at
4000r/min for 10min. Then, we take the supernatant
and put it into a volumetric flask. After that, we wash
the remainder (add 5ml deionized water, centrifuge
at 4000r/min for 10min), take the supernatant into
the corresponding volumetric flask. Finally, we use
2% dilute nitric acid to dilute to 50ml and use ICPMS to determine the content of trace elements.

Scanning electron microscope + energy spectrum analysis. After the microscopic coal rock composition is observed, the coal rock light slice is polished again, and the conductive tape is used to stick
it on the sample pier [15, 20]. In order to enhance its
conductivity, the surface is gold-plated, and the surface impurities are blown off with an ear ball.
The scanning electron microscope model used
in this experiment is Carl Zeiss ZEISS EVO18. The
mineral is determined by the SEM equipped with an
energy spectrometer. The test samples are coal samples of Shanxi Formation NG203 and Taiyuan Formation NG503 and NG506.

Carbonate bound state. We add 8ml of
1mol/L NaAc solution (PH=5) to the residue, shake
continuously for 5h in a constant temperature shaker
ႏ FHQWULIXJHDWUPLQIRUPLQWDNHWKH
supernatant into a volumetric flask. Then, we wash
the remainder, take the supernatant liquid in the corresponding volumetric flask. After that, we use 2%
dilute nitric acid to make the volume to 50ml, and
determine the content of trace elements by ICP-MS.

Inductively coupled plasma mass spectrometry analysis. Inductively coupled plasma mass
spectrometry is the fastest growing and mature element analysis method in recent years. It has the advantages of low detection limit, high detection sensitivity, and wide detection range. It is an important
method for determining the content of trace elements
in coal.
Since ICP-MS can only analyze solution samples which means that the samples need to be digested. In this study, the wet digestion is used. The
operation steps are: weigh 40 mg of the 200 mesh
sample prepared in the previous stage into a polytetrafluoroethylene bottle; use a pipette to add 2ml nitric acid (analytical pure), 0.5ml hydrofluoric acid
(analytical pure), 0.5ml perchloric acid (electronic
pure) in sequence; put it in a high-pressure steel tank
after sealing, heat it in an oven at 150°C for 20h; after cooling, open Put the PTFE bottle cap on the heating plate to drive the acid (180~ႏ  GULYH WKH
acid until the solution is colloidal, tilt the bottle
slightly so that the colloid does not flow; add 2ml
nitric acid to the PTFE bottle, 1ml of distilled water,
sealed and put into a high-pressure steel tank, heated
LQDQRYHQDWႏIRUKDIWHUFRROLQJWUDQVIHUWKH
solution in the PTFE bottle to a volumetric flask, use
5% dilute nitric acid to make the volume to 50ml,
number the flask before testing on the machine.

Combined state of iron and manganese oxide. We add 20ml of 0.04mol/L NH2OH·HCl 25%
HAc solution to the residue, heat in a water bath
(96°C) and shake for 6 hours. Then, we centrifuge at
4000r/min for 10 minutes, take the supernatant into
a volumetric flask. After that, we wash the remaining
and take the supernatant liquid in the corresponding
volumetric flask. Finally, we use 2% dilute nitric
acid to dilute to 50ml, and determine the content of
trace elements by ICP-MS.
Organic state. We add 3ml of 0.02mol/LHN03
solution, 5ml of 30%H202 solution to the residue,
KHDWLQDZDWHUEDWK ႏ DQGVKDNHIRUK7KHQ
we add 3ml of 30% H202 solution, keep the temperature and shake for 3h. After that, we add 5ml of
3.2mol/LNH3OAc and dilute the solution to 20 ml
by adding 25%HNO3 solution and shake for 0.5h.
Then, we centrifuge at 4000r/min for 10min, take the
supernatant into a volumetric flask. Then, we wash
the remaining, take the supernatant into the corresponding volumetric flask. Finally, we use 2% nitric
acid to dilute the volume to 50ml, and determine the
content of trace elements by ICP-MS.
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Residual state. Wet digestion (2mlHNO3,
0.5mlHF, 0.5mlHClO4). We dilute 2% nitric acid to
50ml, and determine the concentration of trace elements by ICP-MS.

Under the scanning electron microscope, the
kaolinite in Shanxi Formation 2# coal is distributed
in fragments with rounded marks, or it is packed in
the cell structure in the form of clumps or infiltration
(Figure 3a). Calcite is more common in coal, which
is the main carbonate mineral in coal. Under the action of natural water circulation such as groundwater, CaCO3 fills the interlayers, fissures and other
parts of the coal to form thin films, veins and other
structures. Under the scanning electron microscope,
the calcite in the 2# coal is mostly filled in the fractured crevices of the coal rock formation in the form
of bands and veins (Figure 3b).

RESULTS
Coal mineral composition. Shanxi Formation
2# coal and gangue lime yield rate is between
16.76% and 65.15%, with an average of 35.28%. According to the chemical composition of the minerals,
the coal samples of No. 2 coal mine in Shanxi Formation of Ningwu Coal Mine were measured. The
total mineral content in the coal was determined by
microscopic coal composition (Table 1). The inorganic mineral content is between 4.96% and 30.18%,
which are mainly clay minerals and calcite, with a
small amount of boehmite. The content of clay minerals and calcite are similar, both are about 50%. In
NG205, the content of kaolinite is mostly 75%, and
calcite is 25%.

Samples
NG201
NG202
NG203
NG205
Average
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Major elements in coal. This article discusses
the 10 major elements Na, Mg, Al, Si, Ca, K, P, Ti,
Fe, and S. These elements are an important part of
the inorganic components of coal. Among them, S
element is also One of the constituent elements in the
organic matter in coal. The experiment uses XRF
combined with ash yield to analyze and determine
the content of major elements in Shanxi Formation
2# coal of Ningwu Coal Mine. The results are shown
in Table 2.

TABLE 1
Coal content of Shanxi Formation 2# coal mine in Ningwu Coal Mine
Clay minerals
Bulk analysis
Organic microscopic components
Minerals
/%
/%
/%
/%
Kaolinite Illite Clay Calcite
68.52
30.18
91
9
55
45
94.23
5.73
93
7
43
57
95.62
4.96
94
6
73
27
86.25
18.31
98
2
75
25
86.16
14.80
94
6
62
39

FIGURE 3
Scanning electron microscope in the Shanxi Formation 2# coal in Ningwu Coal Mine.
TABLE 2
The content of major elements in Shanxi Formation 2# coal in Ningwu Coal Mine (%)
Samples Al2O3 SiO2
K2O MgO
CaO
TiO2
Fe2O3
SO3
MnO Na2O P2O5
NG201
21.02
21.26
0.15
0.45
1.77
1.55
0.79
0.84
0
0.01
0.04
NG202
6.25
6.23
0.03
0.16
1.51
0.21
0.56
0.61
0
0
0.03
NG203
8.11
8.15
0.03
0.13
3.21
0.22
1.59
0.97
0
0
0.09
NG205
9.15
8.29
0.02
0.11
1.19
0.21
0.36
0.36
0
0
0.56
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The macro elements in coal are closely related
to ash content and are important constituent elements
of inorganic minerals. They have a good indicator of
coal-forming environment and sedimentary media.
The ash composition parameters of coal-accumulating environment are often calculated. In addition, in
order to more intuitively reflect the depositional environment, a ternary diagram of the depositional environment is drawn. According to various parameters, it can be divided into three end members. The
largest SiO2+Al2O3 at the lower left corner is the
SiO2+Al2O3 end member which represents clay
minerals. The content of aluminosilicate and silicate
minerals such as quartz are relatively high [22-23].
They are often formed by transporting and depositing terrigenous clastic materials through freshwater
media, reflecting the sedimentary environment of
peat swamps in the near-land freshwater media.
Fe2O3 is located at the lower right corner which indicates that the content of pyrite is higher, reflecting
the strong reduction of the sedimentary environment.
At the top is the CaO + MgO which can represent the
calcite and magnesite. The high content of calcium
and magnesium minerals such as gypsum and gypsum reflect the depositional environment of salt water or brackish cement charcoal swamp.

Fresenius Environmental Bulletin

the lower left corner of SiO2+Al2O3, showing that
the coal-forming environment of 2# coal is a continental peat swamp (Figure 4).

FIGURE 4
Ternary diagram of sedimentary environment of
Shanxi Formation 2# coal.
Trace elements in coal. In this study, ICP-MS
was used to determine the content of some trace elements in Shanxi Formation 2# coal and gangue. The
results are shown in Table 3. The study on the occurrence of trace elements in coal can reflect the depositional environment and material sources of the coal
seam and understand the coal. During the same period and later period of geological action, the occurrence state of trace elements in coal also determines
the way of migration and transformation of trace elements during coal combustion [24-25]. The elements existing in inorganic minerals show inorganic
affinity. Organic affinity refers to the presence of organic matter in the form of compounds or adsorption
states. These elements are basically difficult to release.

Shanxi Formation 2# coal C value.
(Fe2O3+CaO+MgO)/(SiO2+Al2O3) is between
0.08 and 0.21. The average value is 0.12, and the
overall value is less than 0.21. The paleo-salinity parameter CaO/(CaO+ Fe2O3) shows that the NG203
has the highest salinity of the water in the middle,
and the salinity of the upper and lower water medium
is small, indicating that the salinity of the water medium is constantly changing during the coal formation process. According to the sedimentary environment ternary diagram, the 2# coal sample falls on

TABLE 3
7UDFHHOHPHQWFRQWHQWRI6KDQ[L)RUPDWLRQFRDO ȝJJ
Samples

Li

Be

Sc

V

Cr

Co

Ni

Cu

Zn

Ga

Rb

Sr

Zr

Nb

NG201 289.21 2.36

8.26 215.23 23.21 1.21

7.51 98.21 69.25 22.25 0.51 47.56 256.54 58.62

NG202 65.28 2.10

6.94 23.36 6.91

7.69

8.56 20.17 36.21 18.26 0.23 163.11 145.14 7.62

NG203 58.95 1.21

2.36 18.62 3.85

2.59

4.15 15.29 25.17 12.15 0.22 221.21 101.35 4.69

NG204 235.56 1.32

1.55 43.21 5.81

0.81

4.21 31.25 43.61 7.96

1.99 21.065 791.51 17.62

NG205 66.69 0.23

0.51

7.56

3.76

0.21

0.89 28.36 8.12

3.56

0.03

0.14

In

Sn

Sb

Cs

Ti

Pb

Bi

Ba

Samples

Mo

Cd

NG201

7.11

0.12

0.29 12.62 0.76

0.03 49.62 56.23 2.69

0.12 46.21 2.36 17.36 2.69

NG202

2.85

0.25

0.26

1.96

0.71

0.02 51.25 2.69

0.52

0.17 17.25 0.69

7.15

1.69

NG203

2.69

0.04

0.16

1.36

0.49

0.03 35.21 2.15

0.36

0.08 11.69 0.41

3.62

1.91

NG204

1.23

0.11

0.18

3.85

0.26

0.18 25.46 18.52 0.96

0.03 21.29 0.76 15.26 3.56

NG205

2.11

0.39

0.06

1.39

0.18

0.09

0.01

6.51
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Hf

5.15

Ta

1.58 189.62

0.13

5.69

0.29

Th

1.21

U

0.45
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This study discusses the occurrence state of
trace elements from the aspects of the correlation between trace elements and macro elements in coal,
and gradual chemical extraction. If trace elements
are significantly positively correlated with the ash
content of coal or macro elements closely related to
ash, it indicates that the coal is mainly contained in
inorganic minerals, or has inorganic affinity, and has
a significant negative correlation with ash yield. If
the correlation is less significant, it means that trace
elements are both contained in inorganic minerals
and organic matter.
There are V, Cu, Zn, Zr, Sn, Cs, Hf, Ta, Tl, Pb,
Bi, U in the coal of Shanxi Formation 2# that are
moderately positively correlated with ash content.
The correlation coefficients with ash yield are respectively, 0.536, 0.528, 0.671, 0.634, 0.597, 0.794,
0.624, 0.657, 0.653, 0.602, 0.613, 0.791, and these
elements have obvious positive correlation with
Al2O3, SiO2, K2O, MgO, TiO2, and the correlation
coefficient is distributed at 0.5 ~0.8, indicating that
the occurrence of this part of trace elements is also
relatively close to clay minerals.
The correlation between trace elements and ash
in Shanxi Formation 2# coal is weak or negatively
correlated with Be, Sc, Cr, Co, Ni, Ga, Sr, Nb, Mo,
Cd, In, Sb, Ba, which are related to ash. The coefficients are 0.302, 0.054, 0.446, -0.541, 0.072, 0.082,
-0.531, -0.203, 0.194, -0.074, 0.405, -0.067, 0.035,
respectively. The correlation between these elements
and ash is poor, or there is no obvious correlation,
indicating that both inorganic minerals and organic
substances may be present.
Some elements in 2# coal is significantly positively correlated with Fe2O3: Rb (0.978) and Cs
(0.967), while Fe mainly exists in the form of sulfides in coal, indicating that the occurrence of these
elements is also related to pyrite. Most of the trace
elements are negatively correlated with P2O5, indicating that phosphate minerals have little relationship with the occurrence of trace elements in 2# coal,
or they have a diluting effect.
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series (La~Lu) and yttrium element (Y). The chemical properties of rare earth elements are relatively
stable, and a large amount of original rock information is retained. Many scholars have studied geochemical characteristics such as the occurrence state
of rare earth elements in coal, and found that rare
earth elements in coal exist in both inorganic minerals and organic matter. In this study, ICP-MS was
used to determine the content of rare earth elements
in Shanxi Formation 2# coal. The results are shown
in Table 4.
The distribution pattern of rare earth elements
can reflect the supply of trace elements in coal and
the evolution of depositional environment. In order
to eliminate the influence of the odd-even effect on
the discrimination of the distribution pattern, standardization is required. In this study, the sample/upper
crust value was used for standardization (standardized value Eu), and the distribution pattern of rare
earth elements is shown in Figure 5. Shanxi Formation 2# coal is between 0.49 and 0.70, with an average value of 0.6. The distribution curve as a whole
shows a relatively strong negative anomaly at Eu. It
is generally believed that the negative Eu anomaly is
inherited from territorial source areas. The range of
variation is large: between 0.80 and 2.65, the Ce of
samples of NG201 and NG204 and NG205 in the upper part of the coal seam are 2.65, 1.35, and 1.44,
respectively, which are positive Ce anomalies, while
the samples of NG202 and NG203 in the middle part
are slightly Ce negative anomalies, which is generally regarded as a sign of being affected by sea water.
To sum up, the main source of rare earth elements in Shanxi Formation 2# coal is terrigenous debris, which is basically unaffected by sea water. The
distribution curve can be divided into right and left
dips, but both are relatively flat, indicating that the
light and heavy rare earth fractionation is not obvious. The rare earth elements in Shanxi Formation 2#
coal all showed obvious negative Eu anomalies, indicating the provenance background of terrigenous
debris replenishment.

Rare earth elements in coal. Rare earth elements (REY) include 15 elements of the lanthanide

TABLE 4
5DUHHDUWKHOHPHQWFRQWHQWLQ6KDQ[L)RUPDWLRQFRDO ȝJJ
Samples La
Ce
Pr
Nd
Sm
Eu
Gd
Dy
Y
Ho
Er
NG201 6.12 41.36 2.36 11.02 3.12 0.42 4.71 5.09 25.11 1.06 3.26
NG202 58.36 91.06 10.69 41.69 7.95 1.16 9.81 6.26 31.65 1.19 3.52
NG203 33.15 56.23 5.69 19.02 3.72 0.59 4.62 2.45 15.25 0.62 1.62
NG204 11.02 31.62 3.25 13.14 2.89 0.41 3.79 3.19 17.21 0.61 2.26
NG205 0.96 3.58 0.41 1.52 0.41 0.38 0.52 0.53 5.69 0.12 0.35

11639

Tm
0.62
0.52
0.23
0.32
0.12

Yb
3.27
2.63
1.16
1.86
0.35

Lu
0.52
0.42
0.26
0.31
0.13
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FIGURE 5
Distribution pattern of rare earth elements in Shanxi Formation 2# coal.

DISCUSSION AND CONCLUSIONS
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ABSTRACT

INTRODUCTION

In view of the current research status that the
deformation behavior and mechanism of the
reservoir during the development of weakly
cemented argillaceous gas drainage are not
completely clear, this paper firstly conducts a study
on coal and rock samples drilled at four depths in
Wuhushan Coal Mine of Wuhai Energy Limited
Company, Inner Mongolia, based on triaxial
mechanical characteristic experiments. After the
mechanical performance test, it is found that the
cohesion of the coal seam is lower than 1.3 MPa,
which is a weakly cemented coal seam. At the same
time, based on the experimentally obtained
mechanical parameters of the reservoir, a numerical
simulation study of the coal compaction and
deformation behavior during the CBM development
process was carried out. The results of the study
found that: (1) CBM development is the key to
reservoir deformation, and the compaction and
deformation of the reservoir in the vicinity of the
wellbore are particularly serious. (2) There are great
differences in the deformation behavior of the
reservoir at different depths. The subsidence of the
upper boundary of the reservoir will continue to
intensify with the continuous development of gas
drainage, and the maximum subsidence will
eventually reach 8.13cm. However, the lower
boundary of the reservoir will have an "upward arch"
phenomenon in the early stage of development, and
gradually turn into subsidence after the CBM
development operation lasts for 50 days and
continue to intensify. The final maximum
subsidence of the lower boundary of the reservoir is
only 3.98cm. This study can provide reference and
support for the avoidance of surface collapse during
the development of gas drainage and the design and
optimization of gas drainage development programs.

Although new energy sources such as
geothermal and natural gas hydrate have the
advantages of safety and environmental protection,
conventional energy sources such as coal and oil and
gas are still the main force of global energy demand
[1]. According to the US Energy Information
Administration (EIA), coal and oil/gas will remain
the two most important energy sources in the world
for a long time to come. By 2040, the share of oil and
natural gas in global energy demand is expected to
remain as high as 31% and 25%, respectively, and
the share of coal will remain as high as 22% [2].
Nevertheless, a series of engineering geological
problems such as reservoir deformation and surface
subsidence will occur in the process of CBM mining
[3-7], which will not only affect the safe and efficient
development of CBM, but also affect the production
equipment and personnel security. Among them, the
target reservoir will experience the obvious
deformation when the stress of the rock skeleton
exceeds the compressive strength of the rock during
the development of gas drainage [8-9].
The initial state of the CBM reservoir is filled
with enough fluid, and the target reservoir can
remain relatively stable under the joint support of the
reservoir fluid and the rock skeleton [10-11].
However, when the effective stress of the rock
skeleton or reservoir fluid pressure changes for some
reason, the target reservoir will deform to a certain
extent. When the gas drainage in the reservoir is
exploited in large quantities, the pore pressure of the
reservoir will gradually decrease, and the effective
stress of the porous medium rock skeleton will
increase accordingly, which will cause the
compaction of the reservoir and the surface
subsidence. The compaction of the reservoir during
the CBM development process compresses the pore
space of the reservoir, resulting in a decrease in
reservoir porosity and permeability, which in turn
affects the development of reservoir fluids.
Therefore, it is of great significance to conduct indepth research on the compaction and deformation
of the reservoir during the CBM development
process.

KEYWORDS:
Weakly
cemented
reservoir,
gas
drainage,
environmentally development, reservoir deformation,
reservoir compaction, numerical simulation
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So far, domestic and foreign scholars have
carried out a series of numerical simulation and
experimental research on the deformation behavior
of the reservoir during the development of reservoir
fluids [12-16]. Chin et al. [11] studied the impact of
reservoir compaction on reservoir development
based on the finite element method. This method can
be used to quantitatively evaluate the economic
benefits. Hall et al. [12] carried out a series of
experimental studies related to the compressibility of
reservoir rocks, which is of great significance to
reservoir engineering simulation and calculation.
Morita et al. [16] experimentally studied the
characteristics of Berea sandstone reservoirs such as
deformation and permeability changes at
temperatures from 70°F to 280°F and different
loading paths, and analyzed the evolution
characteristics of rock characteristics during the
reservoir compaction process. Silva et al. [17] used
a 3D finite element model to analyze the casing
damage caused by reservoir compaction during
reservoir development. The research results can be
used in the design and optimization of oilfield casing.
Field applications show that the research can be
applied in a larger range to increase the service life
of the casing. Although these studies help to
understand the impact of reservoir compaction on
reservoir productivity, there is still a lack of analysis
and research related to reservoir compaction and
deformation during the development of gas drainage.
Based on this, this paper firstly used the triaxial
mechanical experiment instrument to measure the
mechanical properties of the shale weakly cemented
coal bed. Then, a two-dimensional finite element
fluid-solid coupling model for studying the
compaction and deformation behavior of the
reservoir during the development of gas drainage
was established. The model comprehensively
considered the changes in coalbed pore pressure and
stress during the development of gas drainage.
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Finally, based on the established finite element
coupling model, the compaction and deformation
characteristics of the reservoir during the CBM
development process are studied, which can provide
theoretical support for the safe and efficient
development of CBM.

MATERIALS AND METHODS
Experimental test system. The rock
mechanics parameters required for reservoir
deformation analysis during the development of
weakly cemented gas drainage can be determined
through triaxial mechanics experiments. The
experimental system is shown in Figure 1. The threeaxis mechanical characteristics experimental system
mainly includes a data acquisition and control
system, a hydraulic injection system and a three-axis
experimental machine. Among them, the data
acquisition and control system can not only realize
the collection and processing of experimental data,
but also can be used for precise control of the
experimental process system. The hydraulic
injection system consists of two injection pumps,
which are used to load confining pressure and pore
pressure, respectively. In addition, two strain gauges
are installed on the top and side of the rock sample
to measure the deformation of the rock sample
during the experiment.
The main measuring equipment in this system
is pressure gauge and strain gauge. Two pressure
gauges are installed between the two injection
pumps and the three-axis test machine to realize realtime measurement of confining pressure and pore
pressure. In addition, during the experiment, the
confining pressure and pore pressure were applied
by two injection pumps, and the axial pressure was
realized by an axially loaded piston.

FIGURE 1
Schematic diagram of three-axis experimental system.
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TABLE 1
Description of rock samples obtained from Wenchang 13-1 oil field
Height/m
Depth/m
Density/(kg/m3)
375.6
2150
49.76
390.5
2241
49.65
405.3
2282
50.23
421.8
2303
48.92

Experimental materials and methods. The
rock samples required for the experiment were taken
from the 1202 stopping tunnel of Wuhushan Coal
Mine of Wuhai energy limited company, Inner
Mongolia. Considering that the thickness of the
target coal seam is about 45m, coal rock blocks are
drilled from the coal seam at intervals of 15m, and
the 4 samples shown in Table 1 are obtained by
laboratory drilling. Table 1 shows the size and
characteristics of the four rock samples used in the
experiment.
The experimental methods are summarized as
follows [9, 18]:
(1) Cut 4 weakly cemented coal and rock
samples into cylindrical samples with a height of
about 50mm and a diameter of about 25mm.
(2) Subsequently, wrap the sample with a
thermoplastic tube, install the strain gauge, and
install it on the three-axis mechanical tester.
(3) Start the data acquisition and control system,
start two injection pumps to increase the confining
pressure and pore pressure and keep the effective
confining pressure at 4.75MPa throughout the
experiment.

Diameter /m
25.07
24.96
25.19
24.62

(4) Start the axial pressure loading system and
apply axial pressure to the weakly cemented coal
rock sample until the rock sample is destroyed.
During the experiment, the axial pressure, confining
pressure, pore pressure, and strain data were
measured and saved every 1 minute.

RESULTS AND DISCUSSION
Evaluation of material properties. Triaxial
mechanical experiments were performed on the four
coal and rock samples listed in Table 1, and the
stress-strain curves are shown in Figure 2. Using the
stress-strain curve shown in Figure 2, the processing
can obtain the basic mechanical parameters required
for the numerical simulation of reservoir compaction
and deformation in the CBM development process.
Considering that the study of reservoir compaction
deformation is planned to adopt the Mohr-Coulomb
constitutive relationship model, it is necessary to
obtain the elastic modulus, Poisson's ratio, cohesion
and internal friction angle through the stress-strain
curve.

FIGURE 2
Stress-strain curves of four weakly cemented coal and rock samples.
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TABLE 2
Mechanical parameters of four rock samples
Sample
1
2
3
4

Effective
confining
pressure
/MPa

Young’s
modulus
/GPa

Poisson’s
ratio

Cohesion
strength/MPa

Internal
friction
angle/º

Compressive
strength/MPa

4.75

0.40
0.43
0.48
0.71

0.28
0.26
0.29
0.30

1.02
1.17
1.23
1.26

24.6
27.4
23.9
28.5

5.76
7.44
8.25
8.76

The elastic modulus and Poisson's ratio of coal
and rock samples can be determined by the stressstrain curve in the elastic deformation stage.
However, the cohesion and internal friction angle of
the rock sample in the uniaxial compression
experiment need to be determined by the Mohr circle.
After processing the experimental data shown in
Figure 2, the mechanical parameters of different
depths of weakly cemented coal reservoir samples
are obtained, as shown in Table 2. The experimental
results show that the strength of the gas drainage
reservoir is low, and the compressive strength of the
rock samples within the depth of the reservoir is
lower than 9.00MPa. In addition, the cementation
performance of this coal seam is also extremely poor,
and the cohesion of all rock samples is less than
1.30MPa, indicating that the coal seam is a weakly
cemented and loose muddy gas drainage reservoir.
In addition, the research results shown in Table 2
also found that the elastic modulus of the rock
samples in the entire depth of the CBM reservoir is
below 1.00 GPa, with extremely low strength. The
possibility of reservoir compaction deformation and
land subsidence during the development process is
extremely high. For this reason, based on the
experimental results shown in Table 2, a numerical
simulation study of reservoir compaction and
deformation during the CBM development process
was carried out.

conform to the theory of small deformation of solid
mechanics.
(4) During the development of CBM, the flow
of CBM and other fluids in porous media follows
Darcy's law.
In the process of CBM development, the
bottom hole flow pressure is usually lower than the
initial pressure of the reservoir, and the lower bottom
hole flow pressure is conducive to the efficient
development of CBM [19-20]. In addition, due to the
disturbance of bottom hole flow pressure, the pore
pressure in the gas drainage reservoir changes very
rapidly. In order to prevent the influence of the
formation boundary effect in the simulation process,
the size of the research model usually needs to be 812 times larger than the borehole size to meet the
simulation needs. Figure 3 shows the grid model
used for the study of reservoir compaction and
deformation behavior in the development process of
weakly cemented gas drainage. It can be seen from
Figure 3 that the research model is a rectangular
axisymmetric model with length and width of 500m
and 200m, respectively. The thickness of the CBM
reservoir in the model is 45m, and the top boundary
of the reservoir is located 375m below the ground. In
addition, the model also contains overburden and
underburden with thicknesses of 100m and 55m,
respectively.
Reservoir and near-well zone are two key areas
for reservoir compaction and deformation simulation
analysis, and mesh refinement operations are
performed on these two areas during grid division.
After grid division, the research model contains a
total of 25,400 grid cells, and the reservoir contains
about half of the model, a total of 11580 grid cells.
Taking into account the complexity of the research
problem, all grid elements in the model can realize
the analysis of reservoir fluid seepage and formation
forces and deformations. In addition, the study has
set up two analysis steps: the analysis step of ground
stress balance and the analysis step of gas drainage
development. The in-situ stress balance analysis step
can obtain the spatial distribution of initial in-situ
stress and initial pore pressure in the model, while
the CBM development analysis step can realize the
simulation of wellbore drilling, CBM development,
and reservoir deformation.

Geometric model. The compaction and
deformation of weakly cemented coal in the CBM
development process is an extremely complex
physical process involving the seepage of CBM and
the force and deformation of the rock skeleton. The
direct solution of the fluid-solid coupling numerical
simulation model is extremely difficult and
cumbersome.
In order to simplify the study of the problem,
this article makes the following assumptions:
(1) The coal seam at the same depth is an
isotropic porous medium.
(2) The reservoir fluid is only coal-bed methane
(that is, the gas saturation is 100%), while the
overlying and underlying rock formations are
completely saturated with free water and do not
contain coal-bed methane.
(3) The deformation and compaction of the
reservoir during the development of gas drainage
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FIGURE 3
Grid model for analysis of compaction deformation behavior of gas drainage reservoirs.
TABLE 3
The hydraulic parameters and some production parameters used for investigation
Parameters
Object
Value
Unit
Overburden
15
mD
Permeability
Gas drainage
15
/
Under burden
10
Overburden
25
%
Porosity
Gas drainage
25
/
Under burden
17
Total development time
365
days
Production pressure
Toatal
1.0
MPa
difference
The in-situ stress component can be determined
by equation (2):

Loads, initial conditions, and boundary
conditions. Considering that the formation is in a
natural state without being damaged by humans
before drilling and the normal displacement of each
outer boundary of the ground stress balance analysis
step model needs to be restricted. However, in the
CBM development analysis step, it is necessary to
release the normal displacement constraint at the
wellbore and apply a bottom hole pressure load on
the well wall of the reservoir section [21-23]. At the
same time, the top boundary of the model needs to
exert pressure on the overburden during the entire
simulation process. In addition, three initial
conditions of initial pore pressure, initial in-situ
stress, and initial gas drainage saturation should be
attached to the entire model at the initial time of
simulation.
The mechanical characteristic parameters of
the weakly cemented coal seam in the simulation are
shown in Table 2, while the mechanical
characteristic parameters of the overlying strata and
the underlying strata are replaced with those of the
No. 1 and No. 4 rock samples in Table 2, respectively.
Table 3 shows the model seepage parameters and
some development conditions.
The pore pressure POR at different depths in
the model can be calculated by the following formula
[12, 24]:
POR Patm  U w gH
(1)

V V = 6 U forma  g  'D
V H = V V  D1
V h = VV D2

(2)

:KHUH ȡforma is the formation density, kg/m3;
ıV ıH DQG ıh are the vertical principal stress, the
maximum horizontal principal stress, and the
PLQLPXP SULQFLSDO VWUHVV UHVSHFWLYHO\ LQ03D Į1
DQGĮ2 DUHWKHODWHUDOSUHVVXUHFRHIILFLHQWVĮ1=0.95,
Į2= 0.85.
Interference of gas drainage development on
coal seams. The ground stress balance analysis step
can not only obtain the spatial distribution of initial
pore pressure and ground stress, but also verify the
applicability of the analysis model and analysis
method. Figure 4 shows the simulation results of the
ground stress balance analysis step. It can be seen
from Figure 4(a) and Figure 4(b) that the vertical
stress and pore pressure in the research model are
consistent with the calculation results of equations (1)
and (2), respectively. Taking the top boundary of a
weakly cemented coal seam with a depth of 375m as
an example, the pore pressure and three in-situ stress
components calculated from equations (1) and (2)
are [25]:

Where: Patm is the atmospheric pressure, MPa;
ȡw is the water density, kg/m3; H is the buried depth
of the reservoir, m.
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FIGURE 4
Analysis results of ground stress balance.
Notes: (a) initial vertical principal stress, (b) initial pore pressure, (c) lateral displacement, (d) vertical displacement.

FIGURE 5
Cloud diagram of spatial distribution and evolution of pore pressure in the CBM development process
model.
considered to be less than 10-4m is enough). The
above analysis shows that the research model and
method established in this paper are suitable for the
simulation analysis of reservoir compaction and
deformation in the process of CBM exploitation.
Figure 5 shows the evolution of the spatial
distribution of pore pressure in the model when the
production pressure difference is 1.00 MPa. It can be
seen from Figure 5 that in the early stage of CBM
development, the disturbance area affected by CBM
exploitation only appeared in a very small area near
the wellbore. When CBM development continued
for about 50 days, the pore pressure at the lower
boundary of the model began to be disturbed. After
that, the area affected by the development of gas
drainage in the model became larger and larger. At
the end of CBM development, the pore pressure in

POR 1000kg / m3 u 9.8m / s 2 u 375m 3.675MPa

V V 2230kg / m3 u 9.8m / s 2 u 375m  POR 4.520MPa
V H = 4.520MPa u 0.95 4.294MPa
V h = 4.520MPa u 0.85 3.842MPa
(3)
From Figure 4(a) and Figure 4(b), it can be seen
that the simulation results of the vertical principal
stress and pore pressure at the top boundary of the
coal seam are 4.604 MPa and 3.584 MPa,
respectively, and the calculated value differs very
little from the simulated value. In addition, it can be
seen from Figure 4(c) and Figure 4(d) that the
horizontal and vertical displacements of all element
nodes in the entire model are less than 10-9m, which
is lower than the success evaluation standard of the
ground stress balance (the displacement is generally
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FIGURE 6
Cloud map of reservoir deformation and evolution during CBM development.
almost the entire model was disturbed by CBM
development. Based on this, it can be inferred that
when the production pressure difference is greater,
the impact of CBM development on the pore
pressure in the research model will be more serious.

while the positive value indicates that the formation
has "upward arching". It can be seen from Figure 6
that during the CBM development process, the
reservoir compaction and deformation exhibit the
following characteristics: (1) In the early stage of
CBM development, the reservoir deformation
mainly occurs in a very small area around the well
and near the wellbore. The formation deformation is
the most serious. (2) However, there are obvious
differences in reservoir deformation at different
depths: the upper boundary of the reservoir
deformation zone has obvious subsidence, while the
lower boundary of the reservoir deformation zone
shows a trend of "upward arching". (3) With the
continuous exploitation of CBM in the reservoir, the
deformation area and deformation intensity of the
reservoir caused by the development of CBM are
getting larger and larger. (4) Not only that, with the
progress of CBM development, the deformation area
of the reservoir and the subsidence of the boundary

Reservoir compaction and deformation.
Reservoir fluid development will inevitably lead to
changes in the stress of the model's internal
framework and formation deformation and
instability. It can be clearly seen from Figure 5 that
affected by the development of CBM, the range of
pore pressure disturbance zone will expand as the
CBM development process continues, but the
compaction and deformation behavior of the
reservoir requires further analysis and discussion.
For this reason, Figure 6 shows the evolution cloud
map of reservoir deformation during the
development of gas drainage. The negative value in
Figure 6 indicates that the reservoir has subsided,
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will gradually increase, and the deformation of the
area near the lower boundary of the reservoir
deformation zone will gradually change from
"upward arch" to subsidence and continue to
intensify when the development operation starts for
more than 50 days.
The reservoir deformation evolution cloud map
shown in Figure 6 can only be evaluated
qualitatively, and quantitative evaluation needs to be
carried out through actual deformation data. Figure
7 shows the evolution curve of the spatial
distribution of the deformation of the upper and
lower boundaries of the weakly cemented coal seam
during the development of gas drainage. It can be
seen from Figure 7(a) that when the production
pressure difference is 1.0 MPa, the maximum
settlement of the upper boundary of the coal seam
after 1.00 days of CBM development is only 0.94 cm.
However, after 1.00 years of CBM development, the
maximum subsidence of the upper boundary of the
coal seam has increased to 8.13 cm. Moreover, the
formation settlement at the intersection of the upper
boundary of the coal seam and the right boundary of
the model is as high as 1.92 cm, which is caused by
the disturbance of the pore pressure in the entire
model due to the development of gas drainage.
As shown in Figure 6, the deformation of the
reservoir at different depths within the reservoir
varies greatly. It can be seen from Figure 7(b) that in
the early stage of CBM development, the lower
boundary of the reservoir with a width of about 25m
around the well appeared "upward arch", and the
maximum arch height is about 0.51cm. However, the
pore pressure of the underlying strata near the lower
boundary of the reservoir is gradually affected by the
development of gas drainage during subsequent
development operations, resulting in a significant
increase in effective stress, and the reservoir is
continuously compacted. At the end of the CBM
development operation, the maximum subsidence of
the lower boundary of the reservoir is about 3.98 cm,
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which is much smaller than the maximum
subsidence of the upper boundary of the upper
reservoir.
Although the deformation of the reservoir
during the CBM development process is less than
10cm, it can be inferred that longer development
operations or greater production pressure difference
may cause more serious reservoir deformation or
surface subsidence, threatening CBM development.
Therefore, the research results can provide
references for the design and optimization of CBM
development programs.

CONCLUSIONS
(1) The mechanical properties of coal samples
from Wuhushan Coal Mine of Wuhai energy limited
company, Inner Mongolia, have found that the
cohesion of the coal seam is less than 1.3 MPa and
the elastic modulus is less than 1.0 GPa throughout
the depth of the coal seam, indicating that the coal
seam is a weakly cemented coal seam with lower
strength. During the development process, reservoir
compaction and surface settlement are prone to
occur.
(2) The development of gas drainage will cause
changes in the pore pressure in the reservoir, which
will lead to changes in the effective stress of the rock
skeleton in the model, causing the compaction and
deformation of the reservoir.
(3) The subsidence of the upper boundary of the
reservoir will gradually increase during the entire
development process. Under the production pressure
difference of 1.0MPa, the maximum subsidence of
the upper boundary of the coal seam after 1.00 days
of CBM development is only 0.94cm. However, at
the end of the CBM development operation, the
maximum subsidence of the upper boundary of the
coal seam reaches 8.13 cm.

(a)

Upper boundary of coal seam
(b) Lower boundary of coal seam
FIGURE 7
The evolution curve of the spatial distribution of deformation at the upper boundary (a) and lower
boundary (b) of the reservoir during CBM development.
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(4) The deformation behavior of the formation
at the lower boundary of the reservoir is significantly
different from the deformation behavior of the
formation at the upper boundary of the reservoir. At
the initial stage of development, the lower boundary
of the reservoir will appear "upward arch"
phenomenon. When the development work lasts for
10 days, the area of "upward arching" at the lower
boundary reaches 25m. However, as the CBM
development operation continues, the "upward arch"
phenomenon at the lower boundary of the reservoir
will disappear and transform into subsidence and
gradually increase. At the end of development, the
maximum stratum subsidence at the lower boundary
of the reservoir is 3.98 cm.
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nation. In recent years, the country has vigorously
advocated sunshine sports. The launch of Sunshine
Sports is based on the continuous decline of people’s
physical fitness. At the historical juncture of a
healthy China in the future, it is a significant and pioneering decision made by judging the current situation. It is of certain significance to strengthen the
physical fitness of our people, promote the development of sports, and comprehensively deepen the
healthy development of the physical fitness. With
the healthy development of the physical fitness and
the continuous improvement of their living standards,
people have begun to follow spiritual satisfaction.
For this reason, the continuous development of urban-rural integration has resulted in rapid development of rural tourism. In recent years, with the continuous development of urban-rural integration, rural
tourism has developed rapidly. In the process of rural
tourism development, the division of the spatial
structure of rural tourist destinations has gradually
attracted people's attention [1-3]. The division of the
spatial structure of environmental tourism destinations can better classify rural tourism environmental
information, match corresponding tourism data, optimize tourism models, and promote better development of rural tourism [4-5]. The spatial structure of
tourist destinations, as the organization of social spatial structure, is one of the key learning contents in
geography [6-7]. For this reason, many researchers
have conducted research on the spatial structure division of rural environmental tourism destinations,
thereby promoting the better development of rural
environmental tourism.
At present, foreign scholars have established
many classic theories about the spatial structure division of tourist destinations. Domestic research
mainly draws on the theoretical methods of foreign
research and uses classic theoretical models to carry
out functional integration and structural division of
the exclusive areas of tourist destinations [8]. In the
research, it is not difficult to find that the distribution
of rural tourist destinations in the urban encirclement
layout shows a phenomenon of distance reduction,
that is, the farther away from the city, the less rural
tourist destinations are distributed [9-11]. Looking at
domestic and foreign researches, there are countless
theoretical results on the spatial structure of rural

ABSTRACT
In view of the poor distribution of the spatial
structure of rural sports tourism destinations, which
results in low accuracy of classification, it is proposed to study the spatial structure of rural sports
tourism destinations from the perspective of sunshine sports. We obtain the rural sports tourism destination data through the classic theory of tourism
destinations, collect the rural tourism destination
data into the operating system, analyze market factors and natural environmental factors, and determine the spatial structure characteristics of rural
sports tourism destinations. In addition, we use the
radius of gyration method to proceed spatial structure division, obtain the spatial structure curve of rural sports tourism destinations, and judge regional
differences. After that, we divide the differences by
constructing the spatial structure, process the location of the difference information, adjust the processed location information, and calibrate the spatial
data according to the processed information. Finally,
we obtain the corresponding division condition parameters, sort out the spatial structure information
according to the condition parameters, and realize
the division of the spatial structure of rural sports
tourism destinations. The results show that the spatial structure of rural sports tourism destinations
from the perspective of sunshine sports are more
consistent with the expected locations, and the accuracy of the division is higher. This study has good
significance for tourism development.

KEYWORDS:
Rural environmental protection, mass tourism, value orientation, tourist area, spatial structure, structure division

INTRODUCTION
The physical fitness is the embodiment of the
vigorous vitality of a nation, an important guarantee
for the progress of social civilization, and an important aspect of the country's comprehensive
strength. Physical fitness is not only related to individual health, but also affects the health of the entire
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FIGURE 1
Regional map of tourism resources.
tourism destinations, ranging from theoretical concepts to experimental studies to demonstrations.
However, from the perspective of the scope of the
research, most of these studies focus on a wide range
of research scales. The research on the spatial structure of regional tourist destinations is relatively
small, and the awareness of environmental protection is relatively weak. The research on rural environmental tourism is obviously insufficient [12-13].
In response to the above problems, this paper
proposes a new spatial structure division of rural
sports tourism destinations from the perspective of
sunshine sports, and analyzes and solves the above
problems. We use the classic theory of tourism destinations to obtain rural environmental tourism destination data, collect
rural environmental tourism destination data in the
operating system of this article, wait for the system
to automatically process, analyze market factors and
natural environmental factors, and determine the
spatial structure characteristics of rural environmental tourism destinations. Then, we use the radius
method to divide the spatial structure, obtain the spatial structure curve of the rural environmental protection tourism destination, and judge the regional
difference. After that, we divide the difference by
constructing the spatial structure, process the location of the difference information, adjust the processed location information, and calibrate the processed information. Based on the spatial data, the
corresponding division condition parameters are obtained, and the spatial structure information is sorted
according to the condition parameters to realize the
division of the spatial structure of rural environmental protection tourism destinations. This paper uses
the classic theory of rural tourism destinations as the
research foundation, and uses the corresponding
structural division method to initially identify and

classify rural environmental tourism destinations,
then reveal the structural characteristics of rural tourism destinations, and further accelerate the development of rural environmental tourism.

MATERIALS AND METHODS
Data acquisition and processing of rural
sports tourism destinations from the perspective
of sunshine sports Sunshine sports is based on enhancing people’s physical fitness and improving
people’s health. Sports tourism is the main purpose
of tourists for traveling and sports for a long period
of time, with leisure, entertainment, fitness, and adventure. This paper selects a certain number of rural
tourism areas as the research object, including the
leisure parks, demonstration parks, demonstration
villages, and star-rated scenic spots. The distribution
of tourist locations with a small distribution area is
ignored. The latitude and longitude information of
rural environmental tourism destinations in the operating area will be obtained through spatial analysis
technology. Some small tourist areas that cannot be
accurately displayed will be replaced by data points
in surrounding townships. According to the data reflection function of spatial analysis technology, the
research map is vectorized to obtain the spatial distribution map of rural environmental protection tourism [14]. We search for environmental data that
matches the research process in this map, integrate
surrounding environmental information, prospecting
geological information, combine geological data
with tourist location data, determine the inline relationship between the data, and integrate tourism resource areas to construct a regional map of tourism
resources (Figure 1).
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FIGURE 2
Equidistance distribution map of rural sports tourism area.
From the perspective of Sunshine Sports, we
constantly adjust the state of the data space analysis
technology at this time. We constantly adjust the
state of the data space analysis technology at this
time, execute analysis instructions according to the
environmental information operation requirements
of the tourist destination, calibrate external data information at all times, manage the basic location of
the information, and control the data location within
the control range of the research operation to ensure
that the research is carried out [15].
We preprocess the information of rural environmental protection tourism destinations, integrate
tourism destination data, and monitor location data
of tourism destinations. The central tourism area is
used as the research unit, and the rest of the area data
is expanded radially. This data comes from the spatial administrative boundary vector China Basic Geographic Information Database [16-17]. Then, we
manage the allocation principle data of the tourist
destination area according to the internal information of the database, distribute the comparison
plan of the principle data, use the operating mechanism to calibrate the operation information of the
tourist destination, obtain the corresponding information with the rural environmental protection tourist destination data review, and process this information as the basic information which can be saved
in the operation panel. After that, the analysis function in the panel is used to judge the location data of
the tourist destination, and realize the data acquisition and processing operation of the overall rural environmental protection tourist destination.

spatial distribution centers are different. This paper
chooses the average distance to judge the spatial distance distribution of rural environmental protection
tourism sites [18-20]. We set the value of the shortest
distance between each rural environmental protection tourist site to the central tourist area as l, and test
the average spatial distance of different star-rated rural environmental protection tourist sites. The test
formula is as follows [7, 21]:

L

¦l

n
(1)
In the above formula,  ܮis expressed as the average spatial distance value after inspection, n is
expressed as the total number of tourist destinations.
We perform the structural analysis based on the
above values. From the overall trend, the length of
the center distance is negatively correlated with the
level of environmentally friendly tourist destinations.
Because high-star tourist destinations are highly dependent on the market. These areas need to occupy a
more critical tourist area position, and most of them
are located in tourist’s areas with large traffic. They
are relying on the radiating and leading role of tourism resources to achieve functional enhancement of
its internal tourism areas [22-24]. At the same time,
we construct the equidistant distribution map of rural
tourism area to test the rationality of the operation
(Figure 2)
We select the spatial dispersion index to analyze the spatial distribution of rural environmental
protection tourism destinations, and set the analysis
formula [12, 25]:
n

Analysis of the spatial structure characteristics of rural sports tourism destinations from the
perspective of sunshine sports. After realizing the
acquisition and processing of rural sports tourism
data, we analyze the spatial structure characteristics
of the data. Because different types and levels of
tourist destinations will be affected by market factors
and natural environmental factors, the gaps in their

¦x x
i

V=

i 1

p

(2)
In the above formula, V is expressed as the parameter of the analysis result of the internal
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FIGURE 3
Spatial structure curve distribution diagram of rural sports tourism destinations.
distribution situation, p is expressed as the radiation driving effect index, and x is the tourist area algebra of the operation. After the above operation
analysis, the management characteristic analysis
data, the calibration of the characteristic regional parameters of the rural environmental protection tourism destination, and the control of the operation flow
direction of the parameters, we realize the overall
characteristic analysis operation research [26].

RESULTS
In order to study the effect of the spatial structure division of rural sports tourism destinations
from the perspective of Sunshine Sports, according
to the above research theories and methods, the results of the research are analyzed and matched with
the corresponding analysis tools to realize the division of the internal structure of the data, further verifying the feasibility of the experiment. According to
the above-mentioned research theories and methods,
data analysis is carried out on the results of the research, and the corresponding analysis tools are
matched to realize the operation of dividing the internal structure of the data to further verify the feasibility of the experiment. We calibrate the data that
needs to be divided and inspected to prevent data
loss during the experiment, adjust the location information of the geographical area in time, and configure the information management device to ensure the
safety of the experiment operation. We concentrate
the obtained divided data in the same operating
space, and use the data transmission channel to perform data transmission operations to study the structural distance difference between the village and the
city. At the same time, the difference data is entered
into the experimental operating system, and the spatial analysis technology is used to scan the research
at all times to realize the initial data integration operation of the experiment.

Spatial structure division of rural sports
tourism destinations from the perspective of sunshine sports. From the perspective of Sunshine
Sports, based on the spatial structure characteristic
data of rural sports tourism destinations after research, we use the radius of gyration method to draw
a circle with the central tourism region as the center,
and continuously expand the radius. Then, we observe different data points in the circle. From this,
the analysis characteristics of the data point elements
in the spatial structure are obtained. We strengthen
the management of internal space, and at
the same time study the location information of tourist destinations under different parameter states according to the spatial structure division method combined with the data review device, timely control the
information of rural environmental protection tourist
destinations, integrate its internal spatial data, adjust
the internal space of the data and the division structure according to the spatial state information, analyze the spatial structure curve distribution, and construct the spatial structure curve distribution diagram
as shown in Figure 3.
We execute image drawing instructions based
on the radius of gyration method, combine the drawn
image with the data position, use the measured distance as the operating abscissa, mark the content of
the coordinate information, and use the table operation software to map the number of tourist sites to
the spatial distance data integration to realize the
data manipulation of the structured image.

Analysis of rationality of division. We adjust
the divided data until its state matches the operating
state of the experimental system. We enter the divided information into the experiment management
space and wait for the analysis of the experiment results. We construct a rural network structure map,
mark its internal tourist locations with data points,
and divide the marked data points into different operating areas according to the researched spatial
structure plan. We match and divide content infor-
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mation, manage the location information of rural environmental protection tourist destinations while
processing the structure, and avoid the leakage of location information [27]. We integrate the researched
data and carry out experimental operations at the
same time to construct the operating parameter table
(Table 1).
In the process of experimental research, we pay
attention to monitoring the state information of the
divided data at all times to ensure the invariance of
the position, adjust the abnormal state in time, control the operation data to always be within the operable range, and construct the experimental result
comparison chart as shown in Figure 4.

Fresenius Environmental Bulletin

has a higher reasonable division. The traditional spatial structure division method of rural environmental
tourism destinations based on GIS analysis uses GIS
technology to monitor the location information of
the tourism destinations at all times during the research process, and make initial judgments on the location information, calibrate the information of
densely populated areas, and control the population
flow in dense areas at the same time phenomenon
[19, 28]. The rural mechanism is separated from the
urban mechanism, and the central control of data information is realized under the premise of internal
research, which has good division rationality. Although the traditional spatial structure division
method of rural environmental tourism destinations
based on model structure integration has improved
the internal operating system of the structure division data, the control and location adjustment of rural tourism destinations is relatively small, and it is
impossible to grasp the real needs of tourists. The
expected effect of the division cannot be achieved,
and the rationality of the division is low.

TABLE 1
Experimental parameters
Project
Data
Number of spatial lay3
out zones
Regional concentration
40km-70km
range
Division type
Nature, humanities
Classification
Dichotomy

Analysis of division accuracy. After the above
division analysis is realized, the accuracy of the division results of the method in this paper is analyzed
to further verify the validity of the division in this
paper. According to the divided functions and regional locations, the rural environmental protection
tourism sites are divided into different functional regional structures, and the internal structure operating
system is always searched according to the regional
structure information. We control the flow of data in
the division of the structure, and continuously deploy external data that does not match the division to
ensure the safety of the analysis of experimental results. Then, we strengthen the management of the division accuracy standard data, mark the division
structure data, execute the data division experiment
instruction, use the Auto CAD software in the experiment system to draw the 3D structure image on the
operation panel, depict the experiment reference object, and realize the experiment adjustment operation.
According to the analysis of the above steps,
we set the experimental operation parameter table as
shown in Table 2.
We use the above Table 2 parameters to study
the division accuracy of different methods under the
same operating conditions, and construct the accuracy comparison chart as shown in Figure 5. According to Figure 5, it can be analyzed that the traditional
spatial structure division method of rural environmental protection tourism based on GIS analysis has
low accuracy, while the traditional spatial structure
division method of rural environmental protection
tourism based on model structure integration has
high accuracy. In this paper, the division accuracy of
the spatial structure of rural sports tourism destinations from the perspective of sunshine sports is

TABLE 2
Experimental parameters
Project
Data
Drawing software
Auto CAD
Display image format
3D
Operating distance
10km
Data analysis software
Excel
It can be seen from Figure 4 that the spatial
structure of rural sports tourism destinations from
the perspective of Sunshine Sports is similar to the
ideal geographic location, and its rationality is
higher than other traditional methods. Traditional rural environmental tourism such as the division
method of land space structure based on GIS analysis and the division of the space structure of rural environmental tourism based on model structure integration are not ideal. The two methods are far from
the ideal geographical distribution of rural environmental tourism. The reason for this difference lies in
the fact in the fact that the study in this paper continuously combines the value-oriented information of
sunshine sports in the process of dividing rural sports
tourism destinations to integrate the psychological
needs of tourists, divides geographical locations according to their inner real thoughts, and assists in the
arrangement of regional structure to distinguish and
analyze the internal structure of tourist destinations
and divide and judge operations. While acquiring the
structure data, it manages the divided data location
information, constantly adjusts the data status at this
time, controls the data in a reasonable operating state,
and manages the concentrated area of tourist locations, masters the more critical control locations, and
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FIGURE 4
Comparison of distribution locations of different division methods.

FIGURE 5
Accuracy comparison chart.
higher than the other two traditional methods. Because the method in this paper always pays attention
to the divided spatial structure data information in
the process of operation, internal experimental research is carried out under the premise of fixed information location, and the data verification mechanism of the spatial structure information is regulated,
the operation plan is calibrated, the division release
instruction is executed, and the control is timely. The
strength of the division. According to the acquired
tourist psychology, it divides the location of dense

tourist areas, and monitors the number of later tourists in the location, but when the number decreases,
the location of the area is adjusted in time to improve
the accuracy of the division.
The traditional spatial structure division
method of rural environmental protection tourism
destinations based on model structure integration
uses internal operating models to simulate rural environmental protection tourism information, and divides regions according to the simulated model configuration. It has high research operability and can
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be studied under complex conditions. Tasks are less
affected by external factors, can continuously promote the process of structural division, and have
high division accuracy. Although the traditional spatial structure division method of rural environmental
tourism destinations based on GIS analysis uses GIS
technology to control the general location of tourism
data information, the monitoring of external data is
relatively small and cannot prevent the interference
of external data. The location transfer operation for
rural sports tourism destinations is low, resulting in
a low accuracy of the final division.
In summary, the spatial structure division
method of rural sports tourism destinations from the
perspective of sunshine sports has a relatively high
level of division, which can protect the geographical
environment characteristics within the region while
dividing.
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[2] Han, D., Qiao, J., Ma, Y. (2018) Rurality spatial
differentiation mechanism in the new era based
on the perspective of spatial interface: A case
study of Gongyi City, Henan Province. Progress
in Geography. 37(5), 79-90.
[3] Yao, H. and Liu, B. (2020) Study on the problems of rural tourism eco-environment and its
countermeasures. Fresen. Environ. Bull. 29(3),
1489-1492.
[4] Blancas, F., Lozano-Oyola, M., González, M.,
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sustainability indicators for tourism planning:
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(2018) Lift-share using mobile apps in tourism:
the role of trust, sense of community and existing lift-share practices. Transportation Research
Part D: Transport and Environment. 61, 397405.
[6] Xue, W., Chen, Y., Fan, X. (2018) Analysis of
Formal Language in Graphic Design. Packaging
Engineering. 39(8), 261-264.
[7] Chen, Y., Yang, R., Wang, M. (2018) Development process of rural homestay tourism and spatial restructuring with the actor-network method
from the perspective of shared economy: A case
study of Guanhu Village in Shenzhen. Progress
in Geography. 37(5), 142-154.
[8] Gao, P., Xi, J. (2018) Research on the Spatial
Structure and Complex Characteristics of Tourism Destination Network - A Case Study of
Yesanpo Tourism Destination. Journal of Natural Resources. 33(1), 85-98.
[9] Jiao, S., Lian, Y., Wang, A., Zhang, J., Yu, Z.,
Zhao, R., Li, Z. (2018) Study on Spatial Law
and Its Driving Forces of Rural Tourist Destinations in Henan Province - A Case Study of Leisure Farms and Charm Villages. Journal of
Xinyang Normal University (Natural Science
Edition). 31(1), 64-67.
[10] Li, Z., Xia, L., Deng, S. (2018) Tourists' Social
Behavior Changes and Influencing Factors on
Habitual Residence-tourist Destination Values.
Tourism Tribune. 33(1), 105-117.
[11] Liu, S. (2019) Research on the Spatial Distribution Pattern of Rural Anti-poverty Based on
Tourism Resources. Chinese Journal of Agricultural Resources and Regional Planning. 40(2),
123-128.
[12] Liu, S., Yang, Z., Yang, Y., Wen, C., Liu, F.
(2019) The Strategy of Transformation and Upgrading of the Leisure Tourism Type Country
under the Goal Orientation of the Pastoral Complex. Jiangsu Agricultural Sciences. 47(2), 317321.

CONCLUSIONS
(1) The use of spatial analysis technology can
effectively manage the basic information of rural
sports tourism destinations, describe the specific
conditions of the tourism destinations at any time,
and obtain highly operable location information data
to facilitate the division of its spatial structure.
(2) The use of the radius of gyration method to
analyze the distribution of rural sports tourism destinations, showing a circle-level distribution with the
city center as the core. When it exceeds a certain
range, the phenomenon of anti-attenuation from the
distance will occur. Using this phenomenon to determine the standard distance of the divided area can
effectively prevent division errors and control the division of areas within a reasonable range.
(3) Due to the uneven spatial distribution of the
level and density of tourist destinations, attention
should be paid to the environmental protection management of the central area while dividing, to ensure
that the tourist area is in a good environmental protection space.
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down on environmental violations and crimes [1].
However, due to the constraints of economic development, the proposed supervision and governance
plan did not achieve the expected results. There is a
game relationship between the supervisory department and the polluter. That is to say, the fundamental
reason for the pollution of the water environment
caused by polluters is the pursuit of economic benefits without paying attention to the impact on the environment, while the supervision of government departments only pursues the effectiveness of water environment governance, and does not consider the
loss of profits of enterprises. This makes their positions opposing and the interests they represent restrict each other.
In the above context, there are many game analysis on the environment and economy in the world.
Some game viewpoints provide a new way to solve
the contradiction between the interests of enterprises
and the interests of society as a whole. Reference [2]
explained the application of the basic theory of game
theory in environmental pollution control. The analysis results point out that the benefits of the game
party should be changed in combination with market
mechanisms and government policies, so that the
game can reach a Nash equilibrium that is conducive
to environmental protection, so as to improve environmental protection efficiency. Reference [3] proposed an evolutionary game analysis method of
chemical enterprise regulatory governance based on
public participation behavior. Based on the evolutionary game theory, it constructs a tripartite game
strategy income matrix for local governments, chemical companies, and the public, and compares and analyzes the evolutionary stable equilibrium of the behavioral strategies of each game subject. In the end,
it is concluded that benefits and costs are the key factors that affect the choice of strategy. The above researches are comprehensive, but in actual applications, some situations that are inconsistent with the
actual situation have appeared, which prevents them
from being widely used.
In this paper, we have studied and constructed
a game model between polluters and government environmental protection departments, and searched
for the Nash equilibrium solution, and discussed the

ABSTRACT
As one of the material foundations, water resources have a direct impact on human survival and
development. However, there is usually a big contradiction between water environment management and
social economic development. To this end, in this paper, we fully considered the game relationship between the government and enterprises, and simulated
the game relationship between surface water environment supervision and governance based on game
theory. The goal of this paper is to achieve the coordinated development of ecology and economy.
Through this research, we have established a game
strategy return matrix for government environmental
supervision and corporate pollution control under
different institutional conditions. And, according to
the expected utility function of economy and environment, the mathematical model of game is analyzed in detail. Finally, experiments were designed
for different economic and environmental conditions
for verification. The results show that the regional
environmental and economic coordination index of
the model designed by this research fluctuates
around 0.75. It is consistent with the actual situation
and proves the accuracy of the analysis in this paper.

KEYWORDS:
Surface water environment, supervision, governance,
game theory, return matrix

INTRODUCTION
Water environment problems seriously restrict
the healthy development of the economy and society.
Governments of various countries have been committed to environmental supervision and have put
forward a series of supervision measures. For example, actively promote the construction of artificial
wetlands outside the embankment, vigorously promote the treatment of domestic sewage along the
river, strengthen the supervision of industrial enterprises' discharge compliance, and severely crack
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FIGURE 1
Pollution of surface water.
decision-making behavior of governments and enterprises for quantitative analysis. The results show that
compared with the application results of the two conventional modeling analysis methods, the game
mathematical modeling analysis results of surface
water environment supervision and governance proposed in this paper are closer to the real environment-economic coordination index curve. Therefore, the analysis accuracy of the method in this paper is higher, which achieves the purpose of this paper. This research can provide valuable empirical
countermeasures for environmental governance.

them. The research is specifically manifested in the
following three aspects:
(1) Under unconstrained market conditions,
companies will continue to reduce environmental
costs in order to continuously expand their profit
margins. It will cause more and more serious surface
water pollution problems. Therefore, the government's environmental protection department needs to
be involved to supervise the decision-making behavior of enterprises and restrict the behavior of enterprises to pollute the water environment [5].
(2) Once the government's environmental protection department conducts supervision and governance of the surface water environment, corporate decision-making behavior will be interfered, reducing
profits, so companies will inevitably "resist." In this
context, it is unrealistic to rely solely on environmental protection departments for supervision and
governance, and the governance effects achieved
cannot meet the desired standard. In order to improve the effectiveness of supervision and governance, it is necessary to start with the pollution source
of the enterprise and take the following measures.
First, the government encourages polluting companies to encourage them to consciously conduct surface water environmental protection activities. Second, the government imposes a punishment system
on non-cooperative polluting companies, forcing
them to implement environmental protection
measures. In addition, the government's environmental protection department must earnestly perform its supervisory duties and improve its supervision [6].
(3) When using game theory to study the auction market of surface water pollution rights, it is
necessary to study the two main participants as a
group. The individuals in the group seek the theoretical optimal decision by constantly changing their
behavior, and ultimately make the group win the
game [7].

MATERIALS AND METHODS
Surface water is a public resource, and the
property rights relationship is not clear, which prevents surface water from being effectively protected
during use. Gaining benefits at the expense of environmental damage will lead to a series of pollution
problems. This prompts the government's environmental protection department to conduct supervision
and governance, and supervision and governance
will inevitably weaken the profit margin of enterprises. This antagonistic relationship makes the two
sides contain each other and influence each other,
that is, the hidden game theory. Game theory, also
known as "game theory" or "game theory", is an important discipline of operations research. Its main
function is to study the decisions made when the interests of the participants conflict and how to ensure
the balance of the interests of the participants [4].
In this paper, we apply game theory to establish
a game model of surface water environmental supervision and governance, aiming to express the decision-making behaviors between polluters and the
government in a quantitative form, so as to accurately analyze the complex relationships between
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TABLE 1
A measure of pollution of surface water environment.
Name
State pollution
standard
Enterprise pollution
amount S1

Standard
S (S
S1ʽS

S1ʾS

Reasonable pollution

Illegal pollution
The government penalizes companies for exceeding pollutant discharge

Enterprise pollution
level

standards, and suppose Į(Įʾ0) represents the amount of penalty for exceeding the standard per unit. When the enterprise conducts illegal pollution, it needs to pay the amount of penalty Į (S1-s)
Notes: Reasonable pollution refers to discharge within the standards set by the government. Illegal pollution refers to pollution
that exceeds the standards set by the government, that is, unqualified pollution.
S2ʽS1

TABLE 2
Behavioral strategies of companies and governments.
Main body
Government
Enterprise

Behavioral strategy
Regulatory
No regulation
Reasonable pollution
Illegal pollution

Policy set
(Supervision D1, not supervision D2)
(Reasonable pollution M1, illegal pollution M2)

TABLE 3
Probability of corporate and government's choice strategy.
Main body
Government
Enterprise

Strategy choice
Choice of regulatory strategy
Choose a no-regulation strategy
Choose a reasonable pollution strategy
Choose an illegal pollution strategy

Probabilistic expression
yy
1-yy
xx
1-xx

pollution standards for enterprises. The details are
shown in Table 1.
Hypothesis 4: Both companies and governments have only two strategies. The details are
shown in Table 2.
The behavioral strategies of enterprises and
governments are shown in Table 2. In order to gain
benefits, companies will deliberately ignore the environmental protection regulations formulated and
issued by the government's environmental protection
department, thereby polluting the surface water environment.
Hypothesis 5: Determine the probability of the
company and the government choosing the strategy,
as shown in Table 3.
Hypothesis 6: When the enterprise is reasonably polluting and the government adopts a non-regulatory strategy, the enterprise's income is set to 0,
and the cost to be invested is C1. At the same time,
companies can save some of the expenditure on supervision. When a company illegally pollutes, because there is no need to spend environmental protection costs, so the benefits will increase relatively,
recorded as V, V>0.
Hypothesis 7: When a company illegally pollutes, the government divides it into two situations
based on whether it adopts a regulatory strategy, as
follows:
Situation 1: The government chooses the strategy of non-regulation, and the government will be

Basic assumptions and variable description.
In the supervision and management of surface water
environment, when companies choose to implement
government environmental protection requirements,
it does not mean that they do not pay attention to the
acquisition of their own interests. Therefore, there is
often a game situation between them. In this paper,
we build an analysis model based on game theory to
analyze the behavioral choices that companies and
governments make when there are conflicts in their
interests. Before constructing the model, specific assumptions need to be made [8]. details as follows.
Hypothesis 1: Surface water environmental
pollution is caused by many factors, such as soil pollution, air pollution, solid waste pollution, etc. These
pollutions will eventually lead to a certain degree of
water pollution through the biosphere cycle. In order
to facilitate the description of the problem, it is assumed that the pollution behavior of a company is
the key factor that determines the quality of the surface water environment, and that the pollution behavior of the company is divided into two situations:
reasonable pollution and illegal pollution [9].
Hypothesis 2: There are two players in the
game, enterprise M and government D, and both are
bounded rationally.
Hypothesis 3: In order to better fulfill its supervisory responsibilities and facilitate supervisory
work, the government will formulate corresponding
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TABLE 4
Payment matrix.
Rational pollution strategy of enterprises x
-K, -C1
0, -C1

Government
Regulatory Strategy (y)
Non-regulatory strategy (1-y)

Illegal pollution strategy (1-x)
PX-K, -PX
0, 0

TABLE 5
A balanced description of the hybrid strategy Nash.
Conditions
y(אC1/PX,1]
y[א0,C1/PX)
x(א1- K/PX,1]
x[א0,1- K/PX)
y=y*=C1/PX,
x=x*=1- K/PX

Main body

Optimal choice
Rational pollution strategy
Illegal pollution strategy
Non-regulatory strategy
Regulatory policy

Enterprise
Government
/

Government and enterprise reach game equilibrium

punished by higher authorities for this reason, which
is recorded as -R (R 
Situation 2: The government chooses a regulatory strategy, and the government will be praised by
the superior, which is recorded as R1 (R1>0). At the
same time, the government will pay corresponding
supervision costs due to its regulatory actions, which
are recorded as K (K>0). The probability that a company evades pollution control and is found and punished by the government is P P DQGWKHSXQ
ishment is X. The cost of punishment and loss of enterprises for evading pollution control is C2, then C2
= PX [10].

function of the government and the enterprise is [5,
14]:
(1)
] D y, x y ¬ª  xK  1  x PX  K ¼º
] M x, y

x ª¬  yC1  1  y C1º¼ + 1  x  yPX

(2)

For the use of two formulas to find the first derivative, the optimal first-order conditions for the
government and the enterprise are:
(3)
] D y '  xK  1  x PX  K 0

] M x ' C1  yPX

0

(4)

Then we can get:
C1
(5)
y
PX
K
(6)
x* 1 
PX
This is the mixed strategy Nash equilibrium of
the game, which is shown in Table 5.
In the game between enterprise and government, the smaller the value of C1, the larger the value
of X, and the larger the value of P. As a result, the
probability of companies choosing a reasonable pollution strategy is greater, and the probability of
choosing an illegal pollution strategy is smaller.
Conversely, the larger the K value, the smaller the
company's choice of reasonable pollution strategies
and the greater the choice of illegal pollution strategies. Therefore, in order to encourage enterprises to
consciously carry out pollution control and choose
reasonable pollution strategies, the government
needs to do the following three points: 1) help enterSULVHVVSHQGRQSROOXWLRQFRQWUROFRVWV LPSURYH
the efficiency of government environmental protection departments' supervision of the surface water
HQYLURQPHQW RQFHDQHQWHUSULVHFKRRVHVDQLOOHJDO
pollution strategy and fails to carry out effective pollution control, the government must increase penalties for the enterprise and force the enterprise to improve its pollution treatment methods to meet government pollution standards.
(2) The second situation: the negligence of government supervision. When the government’s negligence of supervision has caused the company to pol*

Game modeling analysis. According to
whether the government needs to bear the responsibility for regulatory dereliction, the game analysis
between the government and the enterprise is divided into two situations. The first situation is a
game analysis with no responsibility for regulatory
GHUHOLFWLRQWKHVHFRQGVLWXDWLRQLVDJDPHDQDO\VLV
with responsibility for regulatory dereliction [11].
The following is a specific analysis.
(1) The first situation: no responsibility for supervisory negligence. Based on the above-mentioned basic assumptions and variable explanations,
we have established a payment matrix for the government to play with the company when it does not
assume responsibility for regulatory dereliction.
In the above payment matrix, according to
whether PX is greater than K, it can be solved in two
cases.
The first situation: when PX>K, the enterprise
and the government only need to request the solution
of the mixed strategic Nash equilibrium [12].
The second case: when PX<K, there is a unique
Nash equilibrium solution, namely (no regulation,
no governance). However, this (no regulation, no
governance) only balanced solution is not what we
want, and it is not in line with the purpose of environmental protection [13]. In this case, what we can
do is to increase or decrease the value of K in order
to achieve PX<K. At this time, the expected return
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lute the surface water environment, but the government supervision department has not found it, the
cost of environmental pollution generated by the
company needs to be borne by the government. That
is, the cost of corporate pollution control C1 is
passed on to the government, and the cost of government supervision increases. According to the above
situation, the game payment matrix between the government and the enterprise will change. The details
are shown in Table 6.
Repeat the foregoing steps to obtain the mixed
Nash equilibrium of the game between the enterprise
and the government. The formula is as follows [15]:
C1
(7)
y**
P X  C1

Fresenius Environmental Bulletin

of conscious surface water environmental protection
[9, 16].
In short, the cooperation between the government and enterprises will be more conducive to enhancing surface water environmental protection.
That is, the enterprise itself will actively seek more
effective methods to reduce pollution control costs.
The government still needs to improve the efficiency
of supervision and increase supervision and
punishment.

RESULTS
In order to verify the effectiveness of the proposed method, we designed a simulation comparison
experiment and analyzed the experimental results in
detail. The experiment takes different economic environmental conditions as experimental objects, and
analyzes the economic-environmental conditions in
different cycles [14]. The method in reference [2]
and reference [3] are compared with the experimental results of the method proposed in this paper
to improve the reliability of the experimental results.
The software used in the experiment is Analysis
third-party analysis and recording software.

K
(8)
P X  C1
Comparing formulas (5), (6) and (7), (8), we get
(9)
y**˘y*
x** 1 

x**˚x*

(10)
According to formulas (9) and (10), it can be
concluded that when the government fails to detect
the illegal pollution behavior of the enterprise due to
its negligence of duty, it will be punished by the superior, and the punishment will make the enterprise
supervision behavior more stringent, which will
bring a positive impact. The specific manifestations
are as follows: First, strict government supervision
can increase the probability of companies choosing
reasonable pollution strategies (x**˚x* VHFRQGWKH
probability interval for the government to choose a
UHJXODWRU\VWUDWHJ\LVH[SDQGHGIURPyWR>y**,
1]. The strengthening of government supervision
will help reduce the probability of companies choosing illegal pollution strategies and achieve the goal

Research area. China's plain river network
tidal areas are mostly located in the eastern coastal
plains, which have the characteristics of large population density, rapid economic development, and significant impacts of human activities. Therefore, water environment problems are complex. The experimental area selected in this paper is Section A of the
Daliao River in Liaoning Province. The specific environment is shown in Figure 2.

TABLE 6
Payment matrix.
The government
Regulatory Strategy (Y)
Non-regulatory strategy (1-Y)

Reasonable pollution by enterprises strategy x
-K, -C1
0, -C1

Illegal pollution strategy (1-x)
PX-K-(1-P)C1, -P(C1+X)
-C1, 0

FIGURE 2
Geographical environment of section A of Daliao River in Liaoning Province, China.
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Figure 3 shows the experimental test area. The
numbers along the river in the figure are test experimental sites.

Fresenius Environmental Bulletin

Figure 4 shows that the ratio of the enterprise
to environmental index in the reference [2] method
is significantly higher than the actual value, while
the ratio of the enterprise to the environmental index
in the reference [3] method is significantly lower
than the actual value. In contrast, the modelling analysis result curve proposed in this paper has the highest degree of fit with the actual regional environmental and economic coordination curve. That is to say,
the method proposed in this paper has more accurate
analysis ability of coordinated development of economy and environment.

CONCLUSIONS
(1) As one of the material foundations, water
resources have a direct impact on human survival
and development. At present, the shortage of water
resources and pollution of the water environment are
becoming more and more serious. In order to protect
water resources and reduce surface water pollution,
the monitoring and governance of government departments are essential.
(2) In this paper, we have established a game
model of government environmental supervision and
corporate pollution control, and discussed in depth
the decision-making process and game results between government and companies under different institutional conditions. In order to ensure the effectiveness of the design, a simulation experiment is designed to simulate the operating state of the economy
and the environment.
(3) The experimental results show that the accuracy of the game modeling analysis in this paper
is high, which is very consistent with the actual
curve, and the accuracy is high.
(4) However, there are still some shortcomings
in this research. That is, this study only conducted a
game analysis of surface water environment supervision and governance in the short-term state, and
did not consider the game behavior between surface
water environment supervision and governance in
the long-term state. Therefore, the results obtained
have certain limitations. Therefore, in the next stage
of research, we will focus on the game analysis of
surface water environment supervision and governance in a long-term state to improve the research
results.

FIGURE 3
Distribution of the experimental areas.
Analysis. In this paper, we conducted a simulation experiment on the accuracy of regional actual
environmental economic coordination analysis. In
addition, the multi-subject game method in the environmental supervision process proposed in reference
[2] and the evolutionary game analysis method of
chemical enterprise supervision and governance
based on public participation behavior proposed in
reference [3] are used as the experimental comparison group. The experimental index is the regional actual environmental and economic coordination index, and the simulation results are shown in Figure
4.
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ABSTRACT

INTRODUCTION

In modern environment, due to a number of
global, national and local constraints affecting the
economy, society and natural environment, the concept of sustainable development seeking to harmonize the economic, environmental and social development goals is becoming increasingly important.
In this context, ecological production is increasingly coming into focus, especially the organic production as a part of the agricultural sector. In addition,
education, among other factors, largely determines
the development of organic, that is, ecological production. If we take into account the application of
modern ICT (Information and Communications
Technology) in the process of education aimed at
the development of ecological production, it is clear
that the subject of the research in this paper is the
role and importance of modern ICT aided education
in the development of ecological production. The
aim of this research is to point out to the necessity
and justification of greater application of ICT in the
process of education supporting the development of
ecological production. Accordingly, the results of
this research, drawing on numerous examples of
good practice and scientific and expert analysis
done by many authors and renowned institutions
around the world dealing with this issue, emphasize
the significant role and importance of education
aided by modern ICT for future development of
ecological production, particularly nowadays when
this represents a necessity due to the effects of numerous negative health, economic, environmental
and other important impacts at the global level, as
well as the level of individual regions, countries
and local communities.

In addition to the economic effects, new technologies that are applied in almost all areas of human life and activities, have to be environmentally
friendly and socially acceptable, that is, in accordance with the principles of sustainable development.
Ecological production is a response to the increasing exploitation of natural resources and negative environmental consequences. Ecological production implies economic, environmental and social
sustainability, but requires a lot of knowledge and
education (Figure 1) [1], linking science, new technology, nature and society [2], specifically due to
the fact that all over the world, consumer interest in
ecological products, and especially the ecological
food products, is growing.
As the best representative of ecological production and sustainable development, organic production is gaining more importance. It involves the
use of organic inputs, traditional production techniques and organic methods, without use of artificial inputs. Organic production is regulated by law,
it includes strict control and certification and requires specialized educational and training programmes. It is based on the principles formulated
by IFOAM (International Federation of Organic
Agriculture Movements): health, ecology, fairness
and care [3].
The production and consumption of organic
products depends on knowledge and education (Table 1) [4], on consumer awareness of the need to
preserve their own health, natural resources and the
environment, but also on economic factors such as
price, disposable income, product availability and
incentives for the organic sector. Factors that significantly affect the demand for organic products are:
age, marital status, and food habits.
Given the substantial role of knowledge and
education in all areas of the economy and society,
including ecological, i.e. organic production, it is
important to keep in mind that the education system
covers the following areas: social care for children
and preschool education; primary education and
upbringing; general secondary education and sec

KEYWORDS:
Sustainability, ecological production, organic agriculture,
education, ICT (Information and Communications Technology)
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Education
Research
Innovation
Stakeholders engagement
Realising ecosystem services
Production capacity
Management and marketing
Natural resources
Biodiversity
Specific factors

Growth of production and
consumption of ecological
products

FIGURE 1
The theoretical model of benefits for ecological production and consumption, derived from education and
other important factors.
TABLE 1
Knowledge and education between some of factors affecting consumers attitude and demand for organic
food.
Country context
Methods of research
Factors (Very Important)
x High perceived prior knowledge
UK
Questionnaire (Correlation and Regression)
x High levels of future orientation
x Knowledge & Education
Questionnaire (Descriptive Analysis, CorreMalaysia
x Environmental Concern
lation, Coefficient Analysis)
x Health Consciousness
Survey (Content analysis - verbatim tranx Knowledge of organic content
Canada
scripts of the audio-taped interviews)
x Labeling and certification
ondary art schools; vocational secondary education;
undergraduate and postgraduate studies – Master’s
or PhD studies; applied studies; teacher education
and etc.
Education is realized as formal, non-formal
and informal, where all three types of education can
use modern ICTs. In addition, knowledge dissemination and data flows are very important.

Distance education (Figure 2) [5] focuses on
modern learning methods and technologies, with
the aim of transferring knowledge to students who
are physically separated from teachers, which is not
the case with traditional educational institutions
(schools), i.e. classrooms.

FIGURE 2
Components of distance education.
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FIGURE 3
Mobile learning in the learning scheme.
Having in mind all the above-mentioned facts,
the subject of the research in this paper is the importance of education based on modern ICTs in the
function of developing ecological production, with
emphasis on the organic production, as the most
representative type of ecological production. Accordingly, the aim of the research is to determine
how education with the help of modern ICTs can
contribute to the development of ecological production. The initial hypothesis is as follows: If education aimed at the development of ecological production is more based on modern ICTs, a more significant progress can be expected in this field, in
economic and broader socio-environmental terms.

Mobile learning (Figure 3) [6] is a new and
modern way of learning, which is also important in
the context of the development of ecological production.
In modern society, education, supported by
ICT, is being transformed into a broader concept of
learning. New technologies are pushing the boundaries in education and creating new jobs, where research centers, laboratories, experimental and simulation centers and the like are playing an important
role. The achieved level of development of informatics, robotics and biotechnology significantly
determines the technological basis of learning. Given that the global economy requires a computerliterate workforce, it is becoming clear that education can and must play a crucial role in this process.
Lifelong learning is required in, as well as outside
the classroom, and this is made possible thanks to
modern ICT, because people equipped with new
knowledge, technologies and skills are a very important resource.
ICTs are used to: monitor the conditions in
which a particular activity takes place; collection of
all relevant parameters and their storage; processing
of collected data; distribution of information to end
users; management and etc. For this purpose, the
following devices are used: stationary and mobile
computer devices (tablets, etc.), smartphones, sensors, actuators, wireless communication systems
(Wi-Fi, ZigBee, Bluetooth, etc.); computer applications; Cloud Computing and etc.
In the last decades an amazing progress on
ICT systems, tools and methodologies has been
achieved. Table 2 [7], presents different ICT tools
in education.

1.
2.
3.
4.

MATERIALS AND METHODS
This research included a desk study on relevant and existing documentation, reports and publications on topics related to application of modern
ICT aided education in the development of ecological production. Also, this is a literature-based research, because the research materials are books
and articles by numerous authors, then official statistics and publications of relevant private and public institutions, including numerous examples of
good practice. Namely, governments of many countries, certification bodies - certifiers, statistical offices, international and national institutes, universities, secondary vocational schools, individual researchers, associations, groups, market research
companies, non-governmental organizations and
similar associations, monitor the development of
ecological, i.e. organic, production and the application of ICT in the field of education, thus providing
relevant data sources. In addition, the paper draws
on the documented and publicly published results
of numerous realized projects and research studies.
Of particular importance is the availability of
data published in the 21st survey of certified organic agriculture worldwide, carried out by FiBL (Research Institute of Organic Agriculture) in cooperation with IFOAM - Organics International and other
numerous partners from around the world, including Eurostat, FAOSTAT, etc. In terms of coverage,

TABLE 2
ICT in education.
Focus of ICT in education
Programming, drill and practice, computer-assisted learning
Computer-based trainings, multimedia
Web-based trainings
E-learning, social networking and the
like
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data from 186 countries were available, thereby
data on the relevant indicators were collected [8].
In addition, due to the nature of the researched
topic, the comparative and descriptive method, the
method of induction and deduction, analysis and
synthesis, concretization and generalization, as well
as the historical method were used in this research.

duction, safeguards the health of land, ecosystems
and people, combines tradition, innovation and science, in order to preserve the environment and ensure a good quality of life. Organic products are
produced under strictly controlled conditions and
imply a documented procedure. Approved certifying body issues a certificate that the production is in
accordance with the law. Storage, transport and
processing take place without mixing organic products with the conventional ones, as well as without
the use of ionizing radiation and genetically modified organisms. Organic products are marked with a
special label. Worldwide, the organic farmland and
retail sales grow (Table 4 and Table 5) [8].
European Union (with 7% share of organic area in total utilized agricultural area) applies comprehensive regulations in this field, especially relating to imports from third countries, labeling, rules
for conversion, etc. Also, Australia, Canada, USA,
India, Indonesia, Japan, Mexico, New Zealand and
etc., apply very developed regulations and standards.
Organic production is a perspective for agricultural producers who find it difficult to achieve
competitiveness in the field of conventional production, which is especially true for small farms in
less developed countries. With technical, institutional and infrastructural support, yields from small
farms using ecological methods can be very profitable. Small farms apply the traditional method of
production, because they cannot afford expensive
technology, so, with proper education, it is easier to
engage them in the conversion to organic farming.

RESULTS AND DISCUSSIONS
Ecological production in terms of the development of organic agricultural production.
Ecological production, embodied in organic agricultural production as its best representative, is an
alternative approach to production, which implies
particular social relations, as well as relations to
nature and technology. Although conventional agriculture is still prevalent in the world, organic production is expanding rapidly, as a practice of
healthier living accompanied by numerous environmental, economic and socio-cultural benefits
(Table 3) [9]. The use of synthetic substances and
artificial inputs is prohibited in organic production.
Organic products are based on natural inputs and
biological processes, so they are the safest and the
healthiest products. However, due to the profit orientation of modern society, where conventional
production brings the highest profits, the acceptance of alternative organic production that
brings lower profits is very slow. Therefore, it is
important to recognize, theoretically and practically, organic production and provide greater support.
Organic agriculture, as a system of ecological pro-

Oblast
Agriculture
Environment
Society
Economy
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TABLE 3
Benefits of organic agriculture.
Possible positive changes
High-quality & safe food products, reduction of chemical substances, agrarian development
Reduced pollution, preserved ecosystems, natural resources and biodiversity
Human, animal and plant health, clean air, water and soil
Contribution to development of local economy, revenues for producers and profit for whole
sector

Indicator
Organic agricultural land
Organic share of total agricultural land
Producers
Organic market

Per capita consumption

TABLE 4
Organic agriculture in the World.
World
Top countries
2018: 71.5 million ha
Australia (35.7 million ha), Argentina
(1999: 11 million ha)
(3.6 million ha), China (3.1 million ha)
2018: 1.5 %
Liechtenstein (38.5 %), Samoa (34.5 %),
Austria (24.7 %)
2018: 2.8 million producers
India (1,149,371), Uganda (210,352),
(1999: 200,000 producers)
Ethiopia (203,602)
2018: 96.7 billion Euros (2000:
USA (40.6 billion Euros), Germany
15.1 billion Euros)
(10.9 billion Euros), France (9.1 billion
Euros)
2018: 12.8 Euros
Switzerland (312 Euros), Denmark (312
Euros), Sweden (231 Euros)
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Region

Africa (Ethiopia &
Kenya)
Asia
Europe
Latin America
North America
Oceania
World
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TABLE 5
Organic agriculture by regions, 2018.
Organic
Shares of the
Organic
Growth
area
global organ- share of total
2017(ha)
ic farmland
farmland
2018
area (%)
area (%)
(%)
2,003,976
3%
0.2%
+0.2%

Organic
producers
(No.)

Organic
retail sales
(Million €)

788,858

17

6,537,226
15,635,505
8,008,581
3,335,002
35,999,373
71,514,583

1,317,023
418,610
227,609
23,957
20,859
2,796,916

10,071
40,729
810
43,677
1,378
96,683

9%
22%
11%
5%
50%
100%

0.4%
3.1%
1.0%
0.8%
8.6%
1.5%

+8.9%
+8.7%
+0.2%
+3.5%
+0.3%
+2.9%

TABLE 6
Integrating sustainability in process of education.
Method / technique
Description
Ways
Immersion
Accentuating world experiences
Observing environmental impacts
Diversity of learning styles
According preferences to learners
Greater use of didactic approaches
Except teachers, utilising learnWelcoming learners’ ideas, concepActive participation
ers’ knowledge and ideas
tions and feelings
Exposing learners to alternative
Giving learners opportunity to express
Valuing
ways of knowing and valuing
their own values
Remote issues have local expresShowing examples of impacting the
Balancing "far" and "near"
sion
local and global environment
Successful stories, looking for
Finding several solutions to address
A case-study approach
transferability of experiences
particular issue
Social dimension of learning
Social interaction
Discussions
Learning for action
Development of action
Learners develop course of action
vide a good framework for the integration of ICT in
practice. FAO (Food and Agriculture Organization)
and UNICEF (United Nations Children’s Fund)
have encouraged the development of school garden
projects related to the promotion of environmental
education [16]. Many higher education institutions
offer courses in ecological production [17]. An interesting example is represented by the outcomes
within the framework of the EU Socrates Thematic
Network for Agriculture, Forestry, Aquaculture and
the Environment (AFANet) - Table 6 [2].
There are numerous examples of countries in
which support is provided in various ways (incentives, research, education, extension services, projects, manuals for implementation of ecological
methods, NGO activities, forums, web sites, workshops, events dedicated to ecological production
and etc.) to the development of ecological, i.e. organic production (Table 7) [3, 17-20].

Education in the function of the development of ecological (organic) production. Concerns about the negative impact of conventional
methods of production have led to the emergence of
sustainable practices that are economically sound,
environmentally protective and socially acceptable.
However, the findings revealed that sustainable
methods have had a limited impact on changes of
teachers and education programmes [10]. Therefore, Francis & Carter [11] point out that education
for sustainable development is needed by everyone
– both teachers and students. Therefore, environmental education and ecological types of production - history and future prospects are emphasized
[12]. Furthermore, the influence of different advices on beliefs and motivations of producers to implement ecological elements in their production is
being analyzed [13]. The role of education and extension services in organic farming is studied by
certain authors [14], as well as the future of agricultural ecological education and green education [15].
Some of the very important institutions in
terms of providing support to education for the development of ecological production, and especially
organic agriculture as one of its segments, are
IFOAM - Organics International and FiBL (Research Institute of Organic Agriculture). Some projects and recommendations are not specifically designed for ICT innovations, however, they still pro-

ICT aided education aimed at developing
ecological production and organic agriculture as
one of its segments. ICTs have a very wide application in the economy and society, therefore, they
largely determine the directions of development of
ecological production. ICTs can make agricultural
production more efficient (precision agriculture), as
well as education. A growing number of rural people are using mobile phones and the Internet. Some
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farmers use specific applications to gain advice on
crops, animal husbandry, weather, pests and diseases, markets and prices [21]. Also, they use low-cost
video cameras and web-based services for audio or
video communication and information. However, in
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some rural areas, electricity or Internet access, local
wireless, WiFi for networking, are not available and
satellite communication is usually less than adequate. Digital divide is very visible.

TABLE 7
Examples of education in the function of the development of ecological production (organic agriculture).
Description
Country
Armenia
Activities implemented by local NGOs and international organizations; Organic Agriculture master’s program at Armenian National Agrarian University (ANAU); Sustainable Strategy
Program.
Australia
Canberra Organic Growers Society (COGS) - an Australian non-profit organisation which provides a forum for organic growers, a wide range of general information, selected articles, weblinks and a free expert question and answer service.
Azerbaijan
Organic farming education through projects and trainings.
Canada
Canadian Organic Growers (COG) - the national information network.
China
Invest in new farmers trainings, etc.
Colombia
Academic programs, ranging from technical levels to postgraduate levels.
Egypt
Some universities have departments for organic agriculture.
EU MemStudy courses and specialized degrees in ecological production/organic farming at various uniber States
versities: Wageningen University in the Netherlands, University of Hohenheim in Organic Agriculture; Faculty of Witzenhausen - University of Kassel (Germany); Aarhus University in
Denmark. Institute of Organic Agriculture (University of Bonn, Germany) offers research,
publications and web-links about organic agriculture; In Sweden: Swedish University of Agricultural Sciences offers courses on organic agriculture for students, Centre of Sustainable Agriculture offers courses to farmers, advisors and others in organic sector, periodicals and newsletters with important information.
India
Agricultural universities offer education in organic farming, i.e. courses, have departments and
research of organic farming; numerous projects.
Kenya
Institute of Organic Farming for training farmers and extension workers, etc.
Namibia
Improvement of pedagogical skills of teachers in sustainable agriculture education.
Nigeria
The Federal University of Agriculture, Abeokuta; International Summer School in Organic
Agriculture; Organic Agriculture Project in Tertiary Institutions in Nigeria.
Philippines
The Government established the Cordillera Organic Agriculture Development Center at Benguet State University; other universities have also started to include organic curriculums; online distance learning course at the University of the Philippines Open University.
Rwanda
High-tech lab helps in development of ICT-based solutions; the link-up providing Internet access, training for improving ICT skills; advices on how to market ideas and access capital;
workshops, camps helping people with business plans, network and target markets.
Serbia
Secondary agricultural schools and agricultural faculties offer subjects and courses on organic
agriculture, in addition to theoretical and practical classes, there are also NGOs and associations, whose activities are supported by the state.
Switzerland Specialized schools offer training courses on organic agriculture and specific technical educational programs; The ZHAW University of Zürich offers a specialization on organic agriculture
as a part of the Environmental Engineering BSc. The University HAFL Zollikofen offers a
supplementary qualification in organic agriculture as part of the Agronomy.
Tanzania
Government provides training institutions, curriculums and course performance certificates.
Thailand
State University of Maejo; Organic Food Center, etc.
Tunisia
Courses at higher agronomic institutes of learning; MSc degree programs in some of the higher
institutions; programs of professional trainings for stakeholders involved in organic sector.
UAE
Monitoring consumers’ awareness about organic products in United Arab Emirates, etc.
Uganda
Martyrs University has courses in organic agriculture, etc.
UK
Coventry University in the United Kingdom, etc.
USA
Diversified education programmes in higher education institutions and training; Bachelor's
Degree programmes; certificates; Cornell University; California State University; University of
California - Santa Cruz; Washington State University; public and private colleges; networks;
USDA programes; student-organized courses and experimental farms.
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There is a lack of widespread adoption of digital
information systems and devices, both in production and in the process of education focusing on
eco-smart producers.
Important issues of ICT utilization in agricultural education and extension have been addressed
by some authors [22, 23], as well as new challenges
for education in agroecology [24]. Critical food
systems education is a study conducted by Meek &
Tarlau [25]. Learning efficiency of ICT-based instructional strategies was investigated by Bellos, et
al. [26]. Farmers’, educators’, students’ and extension officers’ preferences for modern ICT have also
been studied by many authors [27-31].
As key determinants of ICT usage in education, the most common are: age and level of education of teachers and learners, then their computer
literacy (skills), access to computers and the Internet, knowledge of English language, encouragement for the use of ICT in education, etc.
ICT (Big Data, Cloud Computing, Internet of
Things, etc.) offer eco-smart solutions. Web sites,
networks, online learning guides, open online
courses and similar educational resources about
eco-growing techniques and healthier lifestyles,
provide individual or formal ICT aided learning.
The distinction between online learning, e-learning
and distance learning is becoming less pronounced
[21].
At some universities, innovation in the digitization of material is taking place. Some courses
have been fully digitized. They generate learning
materials for use or re-use by distance learning users. Learners can leave comments or questions
about relevant topics or lessons. Convergence of
data, audio, video technology and mixed media is
extensively present, including modelling, expert
systems, GIS, social media for inclusive community computing and communications [21].
New technologies (mobile applications; robots; weather-based agro-advisory messages; geomapping; technologies which help to scan fields
and monitor every stage of production cycle; digital
databases with details of available resources; early

Fresenius Environmental Bulletin

warning systems about disease problems; programmes for reducing costs; blockchains to keep
track of products; tele-education; feedback information systems; predictive analytics and monitoring tools; e-commerce platforms; digital libraries,
e-literacy, i.e. e-source books; etc.) have potential
to deliver significant economic, social and environmental benefits. ICT can enable to respond more
organically to environmental challenges.
In some countries, government provides simulative measures for digital transformation. Developed digital infrastructure (Figure 4) [32] is a precondition for digitalization, so it is usually supported. Collaborative platforms that combine digital
technology (smartphones, tablets, etc.) and sustainable business models are therefore designed [33].
ICT projects are realized in many fields, including the ecological production. The ICTs empower ecological producers with information,
communication assets and services that can increase their productivity, incomes and products
security.
The demand for ICT specialists is growing. In
the future, most jobs will require digital skills.
Therefore, the European Union, as many other
countries, emphasize smart, inclusive and environmentally friendly development. Among the main
elements in the AKIS (Agricultural Knowledge and
Innovation Systems) are education and research Figure 5 [34].
ICTs improve access to knowledge for rural
population, by means of rural telecenters, messaging systems, community knowledge workers, public
extension services, online networks, SMS, multimedia information and audiovisual formats, television broadcasts, various types of forums, etc. ICTs
in education (formal, informal and non-formal) are
facilitating linkages between market actors and
smallholders [32]. Mobile phones with video and
Bluetooth technology are very useful tools for
knowledge transfer. In this respect, video-based
information is particularly advantageous to illiterate
farmers [35]. In terms of education, farmers’ needs
are very important - Figure 6 [32].

FIGURE 4
Access to ICT infrastructure, appliances and services.
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FIGURE 5
Education as an important element in the AKIS of the EU (European Union).

FIGURE 6
Contemporary ecological and other farmers’ information needs and sources.
labor market, as well as the cooperation of relevant
social actors (educational institutions, business entities, social partners, etc.).
The positive impact of ICT on sustainability is
indisputable. Nevertheless, the current application
of ICT in many countries is not enough, due to the
unfavorable educational structure and limited financial resources which significantly slow down
the process of ICT implementation in education
process. As modern business becomes the area of
ICT use, a number of changes need to be implemented [37]. The availability of new technologies,
use of the Internet, mobile and social networks,
improvement of digital skills, encouragement of
digital tools and innovation, is also required.
The future directions of development have to
be based on ecological principles, socio-economic
and environmentally acceptable technological solutions [38]. Producers should learn in a modern way
and act jointly. Governments should, as an important lever of development, recognize and promote new approaches and ICT aided education in
the development of ecological production. NGOs
should lobby and assist in the implementation of
specific trainings [39]. Various funding programmes for ecological production have to be developed for both young and old people, as well as
more educated and less educated population. Marketers need to understand the factors influencing
the demand for ecological products, so marketing
managers must be educated with the help of ICT, as

CONCLUSION
Ecological production, which is the most pronounced in organic agriculture, is a type of production that is completely acceptable in ecological,
health, social and economic terms, which cannot be
said for many other types of production that are
applied today worldwide. Hence, having in mind
the modern trends in digitalization and its large
application in all areas of the economy and society,
it is evident that ICT aided education can greatly
contribute to the development of ecological production. In this respect, adopting ICT in education in
the field of ecological production development is a
multi-disciplinary phenomenon.
Research indicates that government has a substantial role in stimulating the adoption of appropriate technologies that can improve sustainability and
ecological business methods, as well as in defining
policies and approaches for stimulating the adoption of ICT in education process. ICTs in education
have to be one of the major driving forces for promoting ecological production. In this regard, lifelong learning is needed by everyone, from the producers to the teachers themselves. Cooperation
among teachers, i.e. universities, secondary
schools, relevant institutes and centers, as well as
partnerships with industry, are important in realizing the vision of sustainable development [36]. It is
especially important to achieve greater connectedness between higher education institutions with the
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[8] Willer, H., Schlatter, B., 7UiYQtþHN J., Kemper, L. and Lernoud, J. (2020) The World of
Organic Agriculture-Statistics & Emerging
Trends 2020. FiBL, Frick & IFOAM-Organics
International, Bonn.
[9] Komazec, Lj. and Aleksic, M. (2015) Organic
agricultural production in the function of reducing rural poverty - the example of Velebit
village in the A. P. of Vojvodina. Economic
Horizons. 17(2), 151-159.
[10] Agbaje, K., Martin, R. and Williams, D. (2001)
Impact of sustainable agriculture on secondary
school agricultural education teachers and programs in the North Central Region. Journal of
Agricultural Education. 42(2), 38-45.
[11] Francis, C. A. and Carter, H. C. (2001) Participatory Education for Sustainable Agriculture:
Everyone a Teacher, Everyone a Learner.
Journal of Sustainable Agriculture. 18(1), 7183.
[12] Nelles, W. (2011) Environmental Education,
Sustainable Agriculture, and CGIAR: History
and Future Prospects. Comparative Education
Review. 55(3), 398-423.
[13] Gabel, V. M., Home, R., Stolze, M., Birrer, S.,
Steinemann, B. and Köpke, U. (2018) The influence of on-farm advice on beliefs and motivations for Swiss lowland farmers to implement ecological compensation areas on their
farms. The Journal of Agricultural Education
and Extension. 24(3), 233-248.
[14] .XFLĔVND K., Golba, J. and Pelc, I. (2009) The
role of education & extension services for organic and. conventional farming in the region
of Podkarpacie, Poland. Agronomy Research.
7(II), 625–631.
[15] Kupper, H., Laurentzen, R. and Mulder, M.
(2012) Recent Policy Developments in Green
Education in the Netherlands. The Journal of
Agricultural Education and Extension. 18(2),
121-139.
[16] Sottile, F., Fiorito, D., Tecco, N., Girgenti, V.
and Peano, C. (2016) An Interpretive Framework for Assessing and Monitoring the Sustainability of School Gardens. Sustainability. 8,
801.
[17] FAO (2020) Organic: Research and Institutions. Food and Agriculture Organization of the
United Nations, Rome. http://www.fao.org/ organicag/oa-relatedlinks/links-cat/research-andinstitutions/en/
[18] UNEP-UNCTAD (2008) Best practices for
organic policy: what developing country governments can do to promote the organic agriculture sector. UN, New York and Geneva.
[19] Goemans, C. (2014) Access to knowledge,
information and education. In: Youth and agriculture: key challenges and concrete solutions
FAO, Rome. 1-17.

well as policy makers, professionals from the food
industry, energy and tourism industry, and especially consumers [4].
Ecological production should be integrated into the curriculum for primary and secondary
schools. Specialized institutions involved in training for ecological production have to be supported
as well as higher education institutions. Ecological
programmes should be established to integrate traditional knowledge and new ICT [18].
Theory can help educators to integrate experiential learning into courses and curricula. In addition to theory, future curricula will be successful if
they incorporate students’ suggestions and recommendations from practice [20]. Educators should
bring together new and traditional ways of learning,
develop curricula, study programmes and subjects
based on ICT teaching methods [39].
All the above stated facts clearly confirm the
hypothesis set out in the paper, which assumes that
if education aimed at the development of ecological
production is significantly based on modern ICTs,
significant progress can be expected in this field.
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profile of the same bacterium developed in TSA and
SW media. Given the results of the protein
expression obtained from the page ruler prestained
protein ladder, significant changes in the level of
gene expression are observed under different
temperature conditions of the strain. One of the most
striking ones is the gene product seen in the 20 and
25 oC groups at the level of 110 kDa. While this gene
product is not expressed at low and high
temperatures, the optimum level of expression is
significantly increased. Increased gene products due
to temperature increase are seen at approximately 90
kDa, 65 kDa, and 30 kDa. When the temperaturedependent expression levels decreased, it was found
to be around 40 kDa and 45 kDa.

ABSTRACT
Yersiniosis infection is frequently seen in
aquatic products and causes great economic losses.
Infection occurs at water temperatures of 15-22 oC.
In this study, the Yersinia ruckeri strain was
developed in the TSA medium and at 1.0 OD density
at 600 nm. Then, 100ul of the same concentration of
suspension was added to the 25 ml TSA and 25 ml
SW medium and incubated for 24 hours at different
temperatures (15, 20, 25, 37). Gram staining,
catalase, oxidase, and motility tests of developing
bacteria were investigated. The API 20E kit was
used according to the manufacturer's instructions to
determine
phenotypic
characterization
and
temperature-related differences. The molecular
identification of the agent at different temperatures
at the same density was carried out in Real-Time
PCR with the primer assay specific for the 16S
rRNA gene. Western blot analysis was performed to
determine the differences in expression at the protein
level at different temperatures.
The results of the study revealed that TSA and
SW media developed in the media and Gramnegative and catalase oxidase were positive. The
motility was lost at 37 oC. In the results of
phenotypic characterization performed with API
20E, incubation at different temperatures revealed
differences in CIT, VP, and GEL tests on the same
bacteria. Y. ruckeri strains of the same optical
density in the follow-up of the DNA isolation of 16S
rRNA gene region-specific primer assays performed
Real-Time PCR analysis of all of the bacterial DNA
used in the same optic density (OD) because of the
very close to the Ct values were found to be positive
and give sigmoidal curves give positive results. The
results were also confirmed after the analysis
whether the samples reacted with the use of
standards and automatic threshold values. After the
formation of PCR amplicons, melting curve analysis
revealed peaks formed by melting curves and it was
understood that there was no false positivity. Total
protein levels obtained by the Bradford method were
determined as 0.1384 at 15 oC, 0.1777 at 20 oC,
0.1820 at 25 oC, and 0.1857 at 37 oC. It was found
that there was no change in the gene expression

KEYWORDS:
Yersinia ruckeri, Fish Diseases, Protein expression,
Western blot, Real-Time PCR

INTRODUCTION
Fish diseases are an important problem in
aquaculture. Because fish are grown in closed areas
such as ponds and cages, and stock densities are
gradually increased to increase productivity in the
unit area. This situation leads to the formation of
unsuitable aquaculture conditions for fish and
consequently increases the sensitivity to infections
>1@.
In intensive aquaculture, it is especially
important to take prophylactic measures against
bacterial and viral diseases periodically and to apply
the treatment methods consciously when necessary
>2@. Yersiniosis is one of the most common
infections in bacterial diseases worldwide,
especially in our country.
Bacterial disease agents in the Aquaculture
field change mortality, virulence, and clinical
symptom rates at different temperatures due to the
host's body temperature being related to water
temperature. Therefore, bacterial disease agents
should exhibit differences in microbiological
development at different temperatures and gene-
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level interactions should be different at different
temperatures.
The causative agent of Yersiniozis is Yersinia
ruckeri and gram-negative enterobacterium. When
the water temperature rises to 13 °C, infection occurs
if the fish carry the disease agent. Although
antibiotic treatment is successful, the disease recurs
>3@. Transfer of infected fish to the farm is the most
common source of infection. Asymptomatic carriers
spread the bacteria to the pond via feces and thus
healthy fish become infected >4@. The best way to
protect against infection is not to infect the causative
agent of the breeding environment >5@.
Western blotting is an important technique used
in cell and molecular biology. Using blot analysis,
researchers can detect specific proteins from a
complex mixture of proteins extracted from cells.
Western blotting is often used in research to separate
and identify proteins. In this technique, a mixture of
proteins is separated according to their molecular
weight and charge. Proteins are transferred onto a
membrane. The membrane is then incubated with the
protein-specific antibodies of interest and labeled
>6@.
In this study, biochemical and molecular
identification of Y. ruckeri on a specific medium was
performed. Bacterial plantings from the same colony
and the same amount were used at 4 different
temperatures (15, 20, 25, 37 oC). Bacterial
identification was performed by Real-Time PCR
(RotorGene Q-Qiagen). Biochemical tests were
performed with API kits (Biomerioux). Western blot
analysis was performed to determine protein profiles
from the isolates. As a result of the study, differences
in protein band profiles of the same bacterial
colonies isolated at different temperatures were
determined.
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80 >3@. In this study, TSA and SW media were used
as 2 replications.
In this study, Gram staining, catalase and
oxidase tests, and motion tests were performed to
realize the phenotypic properties of Y. ruckeri
isolated on the medium. Then, the phenotypic profile
was determined with API 20E rapid diagnostic kit
(Biomerioux). For this purpose, after 24 hours of
incubation at the optimum temperature (20-25 oC),
bacteria obtained at McFarland 1 concentration were
distributed to API 20E cubes. After 24 hours of
incubation at 37 °C, the API was evaluated for color
changes according to the reading table instructions
>7@.
Isolation and identification of the Y. ruckeri
agent, determined by phenotypic properties, by
primers specific to the 16SrRNA gene region in
Real-Time PCR were also confirmed molecularly.
For this purpose, total genomic DNA isolation from
bacterial isolate whose spectrophotometer optical
density was set to 0.6 at 600 nm was performed with
QIAamp DNA mini kit and QIACUBE device. DNA
isolation was followed by Real-Time PCR with the
optimized protocol >8@.
For each group used in the study, the bacteria
were grouped and their concentrations were
equalized. The grouping was applied both for
different media (TSA and SW) and for molecular
quantitation (qPCR). The aim is only to ensure that
the temperature difference occurs in the study and
that other conditions are optimized and equal. The
composition of the Real-Time PCR mixture
generated in the study (Table 1) and the PCR
protocol (Table 2) are given below.
After Real-Time PCR, significant Ct and
sigmoidal curves were evaluated as positive results
and Y. ruckeri. 1 negative control, 1 non-template
control, and 1 mix-control were used as negative
samples.
Isolated and identified Y. ruckeri strains were
incubated at 22 oC for 24 hours in TSA. Separate
plantings were then carried out for the experimental
groups. Bacterial growth in TSA medium at 15, 20,
25, 37 oC, and SW medium at 15, 20, 25, 37 oC were
investigated. Then, the growing isolates were
incubated again at different temperatures in the same
medium (Table 3).

MATERIALS AND METHODS
Y. ruckeri strains used in the study were
purchased from the ATCC collection (ATCC
29473). TSA, BHIA nutrient agar, such as general
media, and SW'a selective / indicator media such as
ROD can be sown. After 24-48 hours of incubation
at 20-25 °C in TSA, colonies with raised edges of 2
mm diameter develop. In SW, green-colored, frosted
colonies are typical due to the degradation of Tween

TABLE 1
Mix protocol prepared in Real-Time PCR
Reagent
Quantity
Forward Primer
1,5 ul
Reverse Primer
1,5 ul
SYBRGreen Master Mix
12,5 ul
DNA
2,0 ul
Total
25,0 ul
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Pre-denaturation
Denaturation
Annealing
Extention
Last-Extention
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TABLE 2
Real-Time PCR protocol
95 oC
94 oC
59 oC
72 oC
72 oC

10 min
20 sn
20 sn
45 cycle
20 sn
7 min

TABLE 3
Different experimental groups designed in the study
1. Group
2. Group
3. Group
4. Group
25 ml TSA and 2 ml
25 ml TSA and 2 ml
25 ml TSA and 2 ml
25 ml TSA and 2 ml
TSB
TSB
TSB
TSB
1.0 OD Y. ruckeri 0,1ul
1.0 OD Y. ruckeri 0,1ul
1.0 OD Y. ruckeri 0,1ul
1.0 OD Y. ruckeri 0,1ul
15 oC 24-hour incubation 20 oC 24-hour incubation 25 oC 24-hour incubation 37 oC 24-hour incubation
5. Group
6. Group
7. Group
8. Group
25 ml WSA and 2ml
25 ml WSA and 2ml
25 ml WSA and 2ml
25 ml WSA and 2ml
WSB
WSB
WSB
WSB
1.0 OD Y. ruckeri 0,1ul
1.0 OD Y. ruckeri 0,1ul
1.0 OD Y. ruckeri 0,1ul
1.0 OD Y. ruckeri 0,1ul
15 oC 24-hour incubation 20 oC 24-hour incubation 25 oC 24-hour incubation 37 oC 24-hour incubation
To investigate the temperature-dependent
protein profile changes of developing bacteria, the
protein isolation and visualization process was set to
0.6 (2x107) optical density at 600 nm wavelength in
the liquid medium. To determine protein profiles of
Y. ruckeri isolates developed in different
incubations, the supernatant was removed by
centrifugation at 10000 rpm for 5 min. Cell lysis
buffer containing protease inhibitor will be added on
the pellet and the cells will be lysed by sonication.
The obtained homogenate was centrifuged at 14000
rpm for 10 min to obtain protein extract. The
supernatant formed after centrifugation was taken to
new Eppendorf tubes and protein concentration of
homogenate was calculated using Bradford solution.
For a healthy and comparable Western blot analysis,
the protein loads in each sample were equalized. For
western blot analysis, 50 ȝJ protein extract was
dissolved in SDS loading buffer and loaded onto 810% acrylamide gel. Loaded samples were carried
out in the Western Blot tank at 80 V electric current.
At the end of the run, the gel was subjected to

overnight staining with coomassie blue. The
following day, the excess dye was removed by
destaining solution and protein bands were analyzed
>9@.

RESULTS
Y. ruckeri strains were first developed in the
TSA and SW medium at 22 oC. They were then
developed at 15, 20, 25, and 37 °C. The results of
some microbiological tests of bacteria are given
below. After their development, tests were found to
be Gram-negative, Catalase positive, and Oxidase
positive. However, it was observed that the mobility
of Y. ruckeri was lost at 37 oC and its mobility was
lost.
The phenotypic characterization of the isolates
was performed with API 20E. The biochemical
properties of the Y. ruckeri isolate used in the study
are as follows (Table 4).

FIGURE 1
Images of Y. ruckeri agent developing in TSA and SW media
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No
Code
1
ONPG
2
ADH
3
LDC
4
ODC
5
CIT
6
H2S
7
URE
8
TDA
9
IND
10
VP
11
GEL
12
GLU
13
MAN
14
INO
15
SOR
16
RHA
17
SAC
18
MEL
19
AYM
20
ARA
(+): Positive, (-): Negative
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TABLE 4
API 20E test results of Y. ruckeri used in the study
20 oC
Test
15 oC
ȕ-Galactosidase
+
+
Arginine dehydrolase
Lysine decarboxylase
+
+
Ornithine decarboxidase
+
+
Citrate use
+
+
Hydrogen Sulfate
Urease
Triptofan deamilaz
øndol
Voges-Proskauer
Gelatin Production
Glucose
+
+
Mannitol
+
+
Inositol
Sorbitol
Rhamnose
Saccarose
Melibios
Amygdaline
Arabinose
-

25 oC
+
+
+
+
+
+
+
-

37oC
+
+
+
+
+
+
-

FIGURE 2
Y. ruckeri 16S rRNA Real-Time PCR result
the identification of Y. ruckeri isolates in the same
optical density for molecular identification, Ct
values were very close to each other due to the same
OD and sigmoidal curves. In the study, it was also
confirmed after the analysis whether the samples
reacted by using standards with specific copy
number and using an automatic threshold value.
After the formation of PCR amplicons, the peaks of
the melting curves were evaluated by melting curve
analysis and it was found that there was no false

After phenotypic characterization with API 20
E, it was observed that the changes in the incubation
temperature of the bacterial agent caused differences
in some test results. It is noteworthy that these tests
are related to temperature changes since all factors
other than temperature are equal from the number of
bacteria to the amount of medium in the working
apparatus.
After Real-Time PCR analysis carried out with
16S rRNA gene region-specific primary assays for
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FIGURE 3
Melting curve analysis image with amplicons after Real-Time PCR analysis
of protein is seen. In light of these results, it is
understood that bacterial growth is also increased in
the medium. To compare the differences in protein
expression levels in different groups by Western blot
analysis, an equal amount of protein was loaded
from each sample. For Western blot analysis, 50 μg
of protein extract was dissolved in sample buffer and
loaded onto 8-10% acrylamide gel. Loaded samples
were carried out in SDS-Page at 80V electric current.
At the end of the execution, the gel was stained with
Coomassie blue overnight. Images containing
expressed protein bands of different sizes obtained
in different groups are given below (Figure 5). The
next day after the Coomassie blue staining, the
excess dye was removed by destaining solution and
protein bands were analyzed. Page ruler prestained
protein ladder (26619-Thermo) was used as a marker
in the study.
Considering the results of Coomassie staining,
significant changes in the gene expression level of
the strain under different temperature conditions are
observed. One of the most noteworthy of these is the
gene product, which is seen at 110 kDa level in 20
and 25 oC groups. The expression of this gene
product at low and high temperatures was not
observed, while the expression levels at the optimum
levels increased significantly. Gene products whose
expression is increased due to temperature increase
are seen at about 90 kDa, 65 kDa, and 30 kDa. When
the gene products with a decreasing level of
expression due to temperature were examined, it was
found around 40 kDa and 45 kDa.

FIGURE 4
Total protein levels of Y. ruckeri strains
incubated at different temperatures for the same
time
positivity. The graph obtained after Real-Time
PCR (Figure 2), the reaction results image, and the
Melting curve graph (Figure 3) are given below.
Protein contents of Y. ruckeri isolates
developed at different temperatures were obtained
by determining the protein concentration of).
homogenate using the Bradford method. The values
obtained as a result of this process were evaluated
graphically using the GraphPad Prism program
(Figure 4
In terms of total protein content after growth at
different temperatures of Bacteria cultivated at the
same amount of media and same optical density were
evaluated; at 20 and 22 oC, it is seen that the
development is closest to each other, at 37 oC there
is the most developed and at 15 oC the lowest amount
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FIGURE 5
SDS-page image and Coomassie blue staining of Y. ruckeri strains developing in TSA (A) and SW (B)
medium at different temperatures after destaining
primary assay specific to the 16S rRNA gene.
Western blot analysis was performed to determine
the differences in expression at protein levels at
different temperatures.
In the results of the study, it was observed that
the causative agent developed in TSA and SW
media, Gram-negative, and catalase oxidasepositive. The effect has been observed to lose motion
at 37 oC. Similarly, some researchers have reported
that the factor develops in TSA and SW media
>7,11,12@, and some researchers have stated that
mobility is lost at 37 oC >11@.
Results of phenotypic characterization with
API 20E showed that incubation at different
temperatures caused differences in CIT, VP, and
GEL tests on the same bacteria. API 20E was used
in many studies on the same factor >7, 11, 12@, and
different treatments (temperature, duration, isolate
difference, API It has been reported that some tests
give different results >7,11-13@.
After the real-time PCR analysis carried out by
16S rRNA gene-specific primer assays in the followup of DNA isolations of Y. ruckeri strains at the same
optical density, it was seen that Ct values were very
close to each other because of the same OD and gave
positive results by sigmoidal curves. In the study, it
was also confirmed after the analysis whether the
samples reacted by using standards with specific
copy numbers and using an automatic threshold
value. After the formation of PCR amplicons, the
peaks of the melting curves were evaluated by
melting curve analysis and it was found that there
was no false positivity. Many researchers have
reported that they chose PCR analysis for the same
factor >7,13@.
Total protein levels obtained by Bradford
method were determined as 0.1384 at 15 oC, 0.1777
at 20 oC, 0.1820 at 25 oC, 0.1857 at 37 oC. It was
found that there was no change in the gene

DISCUSSION AND RESULTS
Infectious diseases of aquaculture include
diseases caused by many pathogens. They may be
formed from bacteria, viruses, fungal infections, or
parasitic infestations. Although some of these
diseases can be treated with chemotherapeutic
agents, relapses may occur (Yersiniozis, Vibriosis,
Lactococcosis, etc.). Yersiniosis is one of the most
important diseases of rainbow trout and other
salmonid fish. Rainbow trout (Oncorhynchus
mykiss) is the most sensitive species among
salmonids >10@.
When the fish are vaccinated in 5 g and the
form of an intraperitoneal injection in 20 grams,
protection can be provided until the portion is
reached. The incubation period of the disease is very
short and virulence is very high. Injection of 104-105
bacteria or 10 min bath of 106 bacteria has been
reported to cause death >5@.
In this study, Y. ruckeri was selected as the
causative agent of Yersiniozis infection due to its
frequent occurrence in our country and has a wide
temperature range. Yersiniosis infection is
frequently seen in aquaculture and causes economic
losses. Infection occurs at water temperatures of 1522 oC. In this study, Y. ruckeri strain was developed
in the TSA medium and obtained at a density of 1.0
OD at 600nm. Then, 100 ul of the same density of
bacteria was added to TSA and SW media and
incubated at different temperatures (15, 20, 25, 37)
for 24 hours. Gram staining, catalase, oxidase, and
motility tests of the developing bacteria were
investigated. The API 20E kit was used in
accordance with the manufacturer's instructions to
determine the differences in phenotypic properties
and temperature. Molecular identification of the
agent developed at the same density at different
temperatures was performed in Real-Time PCR by
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(Oncorhynchus mykiss) Farms in the Eastern
Black Sea Region. Journal of Anatolian
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of phenotypic, serotypic and genotypic
differences of Lactococcus garvieae isolates
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Applied Sciences, Van.
[9] Gorgisen, G., Ozes, D., Pehlivanoglu, S.,
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[10] dD÷ÕUJDQ, H. (2007) Rainbow Trout Diseases.
Eastern Anatolia Development Program
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and
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Development
Component.
[11] Candan, A.<D]ÕFÕ, M. (2000) Determination of
time and temperature correlation when using
API 20E for the identification of Yersinia
ruckeri strains. Türk Mikrobiyol. Cem. Derg.
30, 109-113.
[12] Altun, S., Kubilay, A., Diler, Ö. (2010)
Investigation of phenotypic and serological
characteristics of Yersinia ruckeri strains.
Journal of Kafkas University Faculty of
Veterinary Medicine. 16, 223-229.
[13] Altun, S., Onuk, E.E., Ciftci, A., Duman, M.,
Büyükekiz, A.G. (2013) Determination of
phenotypic, serotypic and genetic diversity and
antibiotyping of Yersinia ruckeri isolated from
rainbow trout. Journal of Kafkas University
Faculty of Veterinary Medicine. 19(2), 225-232.
[14] Tinsley, J.W., Lyndon, A.R., Austin, B. (2011)
$QWLJHQLF DQG FURVVဨSURWHFWLRQ VWXGLHV RI
biotype 1 and biotype 2 isolates of Yersinia
ruckeri in rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of Applied Microbiology.
111(1), 8-16.

expression profile of the same bacteria that
developed in TSA and SW media. To determine the
differences of the Y. ruckeri factor, some researchers
performed western blot analysis and stated that
differences between different isolates revealed
differences in protein expression level >14@.
Considering the results of protein expression
compared to Page ruler prestained protein ladder,
significant changes in the gene expression level of
the strain under different temperature conditions can
be seen. One of the most noteworthy of these is the
gene product seen at 110 kDa in 20 and 25 oC groups.
The expression of this gene product at low and high
temperatures was not observed, while the optimum
expression level was significantly increased. Gene
products whose expression is increased due to
temperature increase are seen at about 90 kDa, 65
kDa, and 30 kDa. When the gene products with a
decreasing level of expression due to temperature
were examined, it was found around 40 kDa and 45
kDa.
The identification of proteins in the gene
expression profile, which varies according to
temperature according to SDS-page results, is very
important for the pathogenesis of the disease. Our
results show that these proteins can cause disease
and can be used as biomarkers in the realization of
new therapeutic approaches against the disease.
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EXPERIMENTAL RESEARCH ON OILY SLUDGE
SOLIDIFICATION TECHNOLOGY BASED ON
ENVIRONMENTAL PROTECTION AND
RENEWABLE UTILIZATION
Bo Chen*, Hongbao Liang, Hongtao Chen
School of Mechanical Science and Engineering of Northeast Petroleum University, Heilongjiang, Daqing 163318, China

exploitation [1-2]. For oil and natural gas resources,
most of current oilfields in China have entered the
middle and late stages of exploitation. The water
production of a single well in the oilfield continues
to rise, while the formation pressure drops rapidly.
In order to increase formation pressure and increase
crude oil production, it is necessary to inject water
through the formation. In order to improve the
formation pressure, the oil recovery factor can be
improved through water injection and water flooding
[3-5]. However, after water injection, the water
production of oil wells increases, and the oily
sewage produced produces a large amount of oily
sludge. At the same time, a large amount of oily
sludge is generated during the oil and gas drilling
process. These oily sludge pollutes the area around
the well site. The reduction, environmental
protection, and recycling of mud are essential. In
addition, oil sands (mainly composed of heavy oil,
water, and minerals, similar to oil sands) are rich in
resources and have broad prospects, and similar
sludge pollution problems also exist in the
development process [6-7]. At the same time, with
the increasing national environmental protection
requirements, the reduction, resource utilization, and
harmless treatment of sludge have become an
inevitable development trend. Reducing the water
content of high water-bearing sludge to achieve
reduction is to implement its resource and harmless
treatment. The most direct, economical, and
effective prerequisite for transformation. The
chemical analysis results show that the oil sludge
mainly contains various wastes such as crude oil,
cuttings, drilling fluid solid materials, etc., which is
difficult to treat. In addition, high water content
sludge also contains a large amount of toxic, harmful
and refractory organic substances such as benzene
series, phenols, anthracene, etc., which will harm the
ecological environment and human health if it is
directly stacked or improperly handled [8-10].
High-water sludge drying technology mainly
includes thermal drying, ultra-high temperature
steam injection, new drying methods (including
microwave drying, electric osmosis drying and
frying drying), etc. The most widely used is thermal
drying technology. Thermal drying technology is

ABSTRACT
In order to study the solidification technology
of oily sludge in one oil field in China, the oily
sludge was treated with solidification technology
using the sewage tank of the sewage treatment center
of an oil production plant combined station as a
water sample and cement as a curing agent. Bricks
made with waste as the main material are relatively
fragile in stability, durability and environmental
protection, which have been restricting the
development of waste innocuous and resource
management. This article analyzed the component
content of oily sludge, measured the strength of the
solidified product and the oil content of the solidified
block leachate and its influencing factors, and
evaluated the environmental safety performance of
the solidified leachate from the aspects of COD, oil
content and toxic element content. Experimental
research results show that the amount of cement
determines the compressive strength of the solidified
block. When the quality of cement (Q1)/the quality
of sludge (Q2) is 2.00, the compressive strength can
reach 15.74MPa$WႏZLWKWKHLQFUHDVHRIWLPH
cement addition and Q1/Q2 weight ratio, the COD
of the leachate is less than 150mg/L, and the leachate
meets the secondary discharge requirements of the
comprehensive sewage discharge standard and the
environmental protection and renewable technical
requirements.

KEYWORDS:
Environmental protection and renewable, oily sludge,
cement, strength, leachate, COD

INTRODUCTION
As an important strategic material of the
country, oil is closely related to the country's security
and sustainable development. At present, China is
facing a severe situation of oil supply. The oil fields
that have entered the middle and late stages of
development account for the vast majority, and there
are more and more problems in the process of oil

11685

© by PSP

Volume 29 – No. 12A/2020 pages 11685-11692

divided into direct drying and indirect drying
according to different heating methods and media.
Since direct drying is prone to exhaust gas pollution
and safety risks during the treatment process, it is
less used in oilfield sludge treatment. There are
many municipal sludge treatments, the indirect
drying treatment process is simple, the environmental performance is good, and there are many
applications [11-13]. Ultra-high temperature steam
LQMHFWLRQ WHFKQRORJ\ PDLQO\ XVHV aႏ KRW
steam, through high-pressure nozzles and other
devices, to crush high water-containing sludge, and
then through cyclone separator to achieve the
separation of oil and gas, water vapor and solid
phase. This type of method has good treatment
effect, the recovery rate is high, but the
disadvantages are high energy consumption and
difficult equipment maintenance. New type of
drying technology mainly includes microwave
drying technology, dianshitu drying technology,
fried drying technology, etc [14-16]. These
technologies either have high energy consumption
and complex equipment, or they are difficult to
maintain and costly, and are generally in the research
stage and have not been promoted and applied.
Li et al. [17] analyzed the physical
characteristics (density, 87 particle size, etc.) and
chemical characteristics (water content, oil content,
sand content, water-soluble organic matter, etc.) of
oil sludge samples in response to the pollution of
solid waste from oil extraction. On this basis, the
formation mechanism of sludge was analyzed, and
the results showed that the oily sludge had a
relatively high viscosity, was slightly acidic,
belonged to the micron level, and contained about
25% of sludge. The production of sludge was mainly
due to the addition of various surfactants during the
oil recovery process. At the same time, more
sediment is mixed, resulting in the formation of a
complex structure, which is difficult to effectively
degrade and remove [18-19]. Combined with the
orthogonal test, the experiment has optimized the
emulsifier, acid and action conditions (temperature,
time, etc.) with better performance. Field practice
shows that the treatment agent formula can
effectively treat sludge and save 80% of the cost.
At present, the research and application of oily
sludge treatment at home and abroad mainly include
incineration, landfill, crude oil recovery, biological
treatment, thermal desorption and solidification [2025]. Among them, the solidification technology was
initially applied to the solidification treatment of
radioactive pollutants, and the current solidification
technology has been widely used in the treatment of
radioactive substances and heavy metal pollutants
[26-28]. Cement has the advantages of low price and
excellent reliability, which is a common
solidification agent. After years of joint efforts of
scholars at home and abroad, cement-solidified oily
sludge has achieved certain research results [29-33].
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This paper takes oily sludge from an oil field in
China as the research object, uses cement as the
solidification agent, applies solidification technology to treat the oily sludge, and analyzes the
component content of the oily sludge. The strength
of the solidified product and the oil content of the
solidified block leachate and its influencing factors
were measured, and the environmental safety
performance of the solidified leachate was evaluated
in terms of COD, oil content and the content of toxic
elements.

MATERIALS AND METHODS
0D൴Q ൴QVWUXPHQWV DQG UHDJHQWV The
instruments used in the experiment are analytical
balances (Shanghai Zanwei), electronic balances
(Nanjing Precision Instrument Factory), molds,
ultraviolet spectrophotometers (Shanghai Aoxi
Scientific Instruments Co., Ltd.), constant
temperature water baths (Honghua Instrument
Equipment Industry and Trade Co., Ltd.), pressure
gauge (Pangao/PANGO), freezing point tester (Zibo
Coulomb Analytical Instrument Co., Ltd.), acidity
meter (Wuhan Bowen Electronics Co., Ltd.).
The reagents used in the experiment are
dichloromethane,
petroleum
ether,
carbon
tetrachloride, anhydrous sodium sulfate, ferrous
ammonium sulfate, hydrochloric acid, sulfuric acid,
nitric acid, and silver nitrate are all analytical
reagents. Cement, mineral spirits, and crosslinking
agents are all analytical industrial products.
([SHU൴PHQWDOPHWKRGIn this paper, a series
of experiments and studies were carried out using the
sewage pond of the sewage treatment center of an oil
extraction plant joint station in the eastern oil field
of China as the sampling point ()൴JXUH).

FIGURE 1
6HZDJHWUHDWPHQWSRQGRIDMRLQWVWDWLRQRIDQ
RLOSURGXFWLRQSODQWLQHDVWHUQ&KLQD
  'HWHUP൴QDW൴RQ RI WKH ZDWHU FRQWHQW RI
R൴O\ VOXGJH An appropriate amount of oily sludge
sample is weighed and mixed with a non-aqueous
solvent, and then the distillation method is used to
determine the water content of the oily sludge. The
detailed operation of the experiment is shown as: 1)
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Take out an appropriate amount of water-containing
sludge, weigh about 24g of the test sample of watercontaining sludge, wash and dry the round-bottom
flask, add the weighed oily sludge to the clean circle
in the bottom flask, add gasoline to the flask. The
liquid level is subject to the sludge sample. 2) Wash
the branch pipe of the water distribution pipe and dry
the water on it, install it on the round bottom flask,
and check its tightness. After the tightness is good,
then connect the straight condensing pipe to the
water distribution pipe. 3) Wait until the surface is
clear and will not change for the end of the
experiment. Finally, the water content of the watercontaining sludge is 13.57%.

week for maintenance. After 20 days, it will be airdried naturally. After air-drying, it will be subjected
to compression test and soaking test ()൴JXUH).

  'HWHUP൴QDW൴RQ RI R൴O FRQWHQW RI R൴O\
VOXGJHN-hexane is a commonly used extractant in
determining the oil content of oily sludge. The
extractant used in this experiment is n-hexane. The
specific steps of the experiment: 1) Take out an
appropriate amount of oily sludge, weigh 4-5g of
oily sludge sample, measure 50 mL of n-hexane in a
measuring cylinder, add the weighed oily sludge
sample and n-hexane to the cone, shake well for 2
minutes in a shaped bottle, add the stopper and leave
it for 24 hours; 2) Preheat the water bath shaker to
ႏDQGFRQWUROWKHWHPSHUDWXUHDW-ႏ$IWHU
the temperature stabilizes, put the Erlenmeyer flask
and the oily sludge sample in a water bath shaker,
soak in hot water for 60 minutes, and pay attention
to deflation during this period to avoid flushing the
cork. The number of deflation is 2; 3) Prepare
suitable suction filtration device equipped with
suction filter paper. The suction filter paper is presoaked in n-hexane for about 24 hours, and an
appropriate amount of anhydrous sodium sulfate is
taken out for drying. The extract is filtered by
suction, and the filtrate is in a 150 mL beaker that
has been dried to lose weight in; 4) Take 50 mL of
n-hexane and add it to the filter residue, shake in a
water bath shaker for 30 min, and repeat the fourth
step until the n-hexane is added to the filter residue
to be colorless; 5) Add the filtrate to the beaker in a
hot water bath, control the temperature at 55-ႏ
ventilate and concentrate the n-hexane until the nhexane is completely removed. Then, take out the
beaker and put it in the oven, control the temperature
at 60-ႏIRUKUV$IWHUWKDWWDNHRXWWKHbeaker
and immediately put it in a desiccator to cool to room
temperature, weigh it, and calculate the oil content.
The oil content is the quality difference before and
after the beaker. The calculated oil content of the oily
sludge sample is 12.08%.

  'HWHUP൴QDW൴RQ RI FRPSUHVV൴YH VWUHQJWK
Place the solidified block cured in the solidification
experiment on the pressure gauge, and gradually
increase the pressure until the instantaneous pressure
when the solidified block appears to crack. This
pressure is the pressure at which the solidified block
is fractured. The compressive strength is calculated
according to the following formula:

FIGURE 2
&HPHQWEORFNDIWHUDLUGU\LQJ

Ra=P/A

(1)

Where Ra - compressive strength, P - the
instantaneous pressure when the solidified block
fracturing, A - The contact area between the
solidified block and the pressure gauge.
  'HWHUP൴QDW൴RQ RI &2' RI H[WUDFW At
present, there are two main methods for the
determination of COD in the leachate, one is
potassium dichromate and the other is potassium
permanganate. By comparing the pros and cons of
these two methods, this experiment uses potassium
dichromate to determine the COD of the leachate.
We prepare the standard solution of potassium
dichromate and the sulfuric acid-silver sulfate
solution for later use, measure 5 mL of the sample
with a graduated cylinder, add it to the conical flask,
add 15 mL of purified water, and then add the
potassium dichromate 10 mL of standard vertebrae
solution. After cooling the solution to room
temperature, we add an appropriate amount of
zeolite and mercury sulfate. The sulfuric acid-silver
sulfate solution with 30 ml is added from the
condenser. We heat to reflux until the solution boils
2 h. After the solution is cooled to room temperature,
we add 3 drops of testferrous ammonium indicator,
and then titrate with ferrous ammonium sulfate
solution. The end point of the titration is that the
solution turns from yellow through yellow-green to
reddish brown. When it reaches the end of titration,
record the use amount of ferrous ammonium sulfate
solution. At the same time, we perform a blank
experiment in accordance with the same operating

(3) 6RO൴G൴I൴FDW൴RQ H[SHU൴PHQWWeigh a large
amount of oily sludge, take out an appropriate
amount of oily sludge, cement, and additives and
mix them in a certain ratio. After mixing, add them
to a mold (50×50×50 cm3). After pressurizing for 24
hours, the mold will be watered 4 times a day for a
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TABLE 1
&RPSRQHQWFRQWHQWRIRLO\VOXGJH
Samples
1
2

Water content/%
53.38
61.51

Oil content/%
2.18
1.78

steps, and record the amount of ferrous ammonium
sulfate solution. The COD calculation formula is as
follows:
mg
(V0  V1 ) u C u 8 u 1000
(2)
COD (O2 ,
)
L

Fe(OH)3
11.32
9.31

CaCO3
27.34
22.49

Others
The remaining
The remaining

method: 53.20%; weight method: 54.14%. Based on
the analysis of the above results, this paper uses
water separation method and Soxhlet extraction
method in the determination of sludge oil content
and water content. Table 1 shows the specific
component content.

V

Where C - Concentration of ferrous ammonium
sulfate standard solution (mol/L), V0 - titration blank
sample ferrous ammonium sulfate dosage (ml), Vl Dosage of ferrous ammonium sulfate in titrated
water sample (mL), V - The volume of the water
sample (mL), 8×1000 - The molar mass of oxygen
atoms (mg/mol).

18.00

16.02

15.75

16.00

Strength/MPa

14.00

  'HWHUP൴QDW൴RQ RI KHDY\ PHWDO HOHPHQWV
൴Q WKH OHDFK൴QJ VROXW൴RQ We measure the same
volume of water and nitric acid, shake gently, mix
evenly, and prepare as an acid hydrolysis leaching
solution for later use. First, we acidify the leachate
of the solidified block by using hydrochloric acid
with a volume ratio of 1:1 until the pH is up to 1.5.
Then, we remove the crude oil in the solidified block
leachate with carbon tetrachloride. After that, we use
the 1:1 nitric acid solution configured above to
acidify the leaching solution, heat and concentrate at
an appropriate temperature to make it concentrated
into solid particles, take it down and cool to room
temperature, and determine the metal elements and
their content in oily sludge by semi-quantitative
atomic emission spectrometry.

12.00

9.84

10.00

7.42

8.00

5.56

6.00
4.00
5
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Solidification time/d

FIGURE 3
7KHUHODWLRQVKLSEHWZHHQFRPSUHVVLYHVWUHQJWK
DQGVROLGLILFDWLRQWLPH
16.00

15.74
14.87

Strength/MPa

14.00

12.00

11.95
10.00

10.33

8.00

RESULTS AND DISCUSSION

7.42
6.00

&RPSRQHQW FRQWHQW RI R൴O\ VOXGJH The oily
sludge studied in this experiment comes from the
sewage tank of the sewage treatment center of an oil
extraction plant. The sewage treatment technology
process of this sewage treatment center uses
flocculants. Because the flocculants have super
strong sweeping effect, the oil content brought out
from the sludge is greater than the normal natural
settlement.
We take out an appropriate amount of oily
sludge, soak the oily sludge with purified water, stir
evenly to make it evenly dispersed and soak. After
standing for 60 minutes, we measure the pH of the
supernatant with a pH meter. Measurement result:
pH=7.05.
Different methods were used to compare the
results of oil content in oily sludge: Soxhlet
extraction method: 2.18%; weight method: 2.07%.
Different methods were used to compare the results
of water content in oily sludge: water separation

6.45
1.0

1.2

1.4

1.6

1.8

2.0

Q1/Q2

FIGURE 4
7KHUHODWLRQVKLSEHWZHHQFRPSUHVVLYHVWUHQJWK
DQG44
([SHU൴PHQWDO UHVXOWV RI WKH VWUHQJWK RI WKH
VRO൴G൴I൴HG EORFN   7KH UHODWLRQVKLS EHWZHHQ
FRPSUHVVLYH VWUHQJWK DQG VROLGLILFDWLRQ WLPH In
this experiment, cement is selected as the
solidification agent. When Q1/Q2 is 2:1, the
relationship between compressive strength and
solidification time is shown in Table 2. Among them,
Q1 is the quality of cement and Q2 is the quality of
sludge. It can be seen from )൴JXUH  that the
compressive strength of the solidified block
increases slowly after being placed for 28 days, and
basically no longer increases substantially, which
can indicate that the hydration process of cement is
basically over. Therefore, after 28 days of
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TABLE 2
7HVWUHVXOWVRIKHDY\PHWDOHOHPHQWVLQVROLGLILHGEORFNOHDFKDWH
Element
Cu
Pb
Cr
As
Zn
Ni

Concentration/(mg/L)
13.6×10-3
Not detected
Not detected
Not detected
Not detected
Not detected

Toxic substance content standard/(GB89781996)/(mg/L)
50
3
10
1.5
50
10

solidification, a series of tests can be carried out.

reaction formula is as follows:

  7KH DPRXQW RI FHPHQW DIIHFWV WKH
FRPSUHVVLYHVWUHQJWK The solidification time is set
to 28 days. The impact of Q1/Q2 on the compressive
strength is shown in F൴JXUH 4. From the data in the
table, it can be seen that as the value of Q1/Q2
increases, the compressive strength of the cured
block shows a gradually non-linear increasing trend.
When Q1/Q2 is 2.00, the compressive strength can
reach 15.74Mpa. This data shows that choosing
different amounts of cement for solidification can
solidify oily sludge to different strengths, which can
greatly improve the utilization rate of oily sludge.

xCa(OH)2+SiO2+(n1)H22ĺ[&D2ā6L22āQ+2O
xCa(OH)2+Al2O3+(n1)H22ĺ[&D2ā$O2O3āQ+2O

300.00

1#
2#
3#
4#
5#

250.00

200.00

COD/(mg/L)

Compressive strength/MPa

25.65

24.00

22.69
22.14

22.00

(4)

The hydration products of the secondary
hydration reaction all have good gelling effects.
Adding an appropriate amount of additives can
effectively increase the strength of the solidified
block, but adding too much additives does not have
the same hydration characteristics as cement.
Therefore, when the added amount exceeds the
amount of the secondary hydration reaction, it will
cause the reduction of the strength of the solidified
block.

,QIOXHQFH RI FURVVO൴QN൴QJ DJHQW UDW൴R RQ
FRPSUHVV൴YH VWUHQJWK When Q1/Q2 is 1:1, the
compressive strength of cement cured block is
analyzed by changing the content of crosslinking
agent. The results are shown in )൴JXUH.
26.00

(3)

150.00

100.00
20.00

18.96
50.00

18.00
16.00

0.00
2

14.12
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Time/h

14.00
22

FIGURE 6
7KHUHODWLRQVKLSEHWZHHQWKHDPRXQWRIFHPHQW
DQGWKH&2'RIWKHOHDFKDWH

Crosslinking content/%

FIGURE 5
7KHLQIOXHQFHRIFURVVOLQNLQJDJHQWFRQWHQWRQ
FRPSUHVVLYHVWUHQJWK

1#: COD change curve with Q1/Q2 of 0.382; 2#: COD
change curve with Q1/Q2 of 0.459; 3#: COD change curve
with Q1/Q2 of 0.551; 4#: COD change curve with Q1/Q2
of 0.714; 5#: COD change curve with Q1/Q2 of 0.969.

As the content of crosslinking agent increases,
the compressive strength gradually decreases. When
the ratio exceeds 18.4%, the compressive strength of
the cement solidified block obtained is lower than
the cement building material index. This is mainly
because the crosslinking agent can react with the
cement hydration product Ca(OH)2 to form a
hydration product mainly composed of calcium
silicate hydrate and calcium aluminate hydrate. The

0HDVXUHPHQWUHVXOWVDQGDQDO\V൴VRI&2'൴Q
WKH H[WUDFW We mix 5 groups of different Q1/Q2
without any other mixtures, and the range is
controlled between 0.382-0.969. Then, we place
WKHP LQ ႏZDWHU DIWHUSUHSDUDWLRQ DQGPHDVXUH
COD of the leaching solution of the solidified block
for 3, 6, 9, and 12 hours. The results are shown in
)൴JXUH below.
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With the increase of cement addition, the COD
of the leachate does not change much at 3h. But as
time increases, the more cement is added, the greater
the COD value of the leachate. As the weight ratio
of cement to sludge is 0. 969, the COD of the
leachate is less than 150mg/L after 12 hours at 50°C,
which meets the discharge requirements of
comprehensive sewage discharge standards.
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the solidified block shows a gradual non-linear
increasing trend. When Q1/Q2 is 2.0, the
compressive strength can reach 15.74Mpa. When
Q1/Q2 is 1.0, the content of crosslinking agent is less
than 16%, the compressive strength of the resulting
cement block is greater than 20MPa, and the
performance meets the basic requirements of
building materials.
(2) Water curing after solidification is also one
of the factors that affect the solidification effect.
Under certain conditions, the solidification effect of
the solidified block with water curing will be
relatively better. After the bricks are out, they should
be covered with plastic sheeting or wrapped with
plastic film immediately.
(3) At 50°C, with the increase of cement
addition and the weight ratio of Q1/Q2, the COD of
the leachate is less than 150mg/L, which meets the
requirements of comprehensive sewage discharge
and discharge standards. This technical method can
be effective for oil production plants. The oily sludge
is solidified to meet the technical requirements of
environmental protection.

5HVXOWDQDO\V൴VRIOHDFK൴QJDPRXQWRIKHDY\
PHWDO HOHPHQWV The test results of heavy metal
elements in the solidified block leachate are shown
in Table 2. It can be seen from the table that only
copper is contained in the oily sludge, and the other
heavy metals are not detected, and the copper
concentration is far less than the specified standard
requirements, and its concentration is about 13.6×103
mg/L, far below the upper limit of metal detection
in environmental protection requirements.
$QDO\V൴VRIR൴OFRQWHQWPHDVXUHPHQWUHVXOWV
Using dirty oil as a crude oil sample, 5 groups of
cement solidified blocks with Q1/Q2 of 1.0 to 1.8
were respectively immersed at 25°C, and the oil
content of the leachate at different times was
measured. The results are shown in )൴JXUH.
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ABSTRACT
The near-zero energy-consumption transformation technology of residential building envelope
can maximize the use of renewable energy. Its consumption of non-renewable energy approaches zero,
which is the development trend of green building energy conservation. In this paper, taking the hot summer and cold winter area as an example, we analyzed
the main reasons for the energy loss of the current
residential building indoor environment, and obtained the external wall insulation energy-saving
mode. On this basis, a 3D model of a residential
building with nearly zero energy consumption was
created. The Bursa seven-parameter model is used to
select common points with high accuracy and symmetrical distribution around the building. It can
transform the model coordinate system and provide
accurate building data for the near-zero energy consumption transformation of the envelope structure.
The energy consumption value is regarded as the object of convergence, which combines the energy saving rate and sensitivity analysis method, and can
evaluate the heat transfer coefficient of the external
wall, the heat transfer coefficient of the external window and the south-facing window-to-wall ratio parameter. In turn, a near-zero energy-consumption
renovation plan for the envelope structure can be obtained, and the goal of near-zero energy consumption
for buildings in hot summer and cold winter areas
can be achieved. The simulation experiment results
prove that the best heat transfer coefficient of the envelope structure and the best window-to-wall ratio
for each direction of the building can be obtained according to the method in this paper. And the cumulative heating load index per unit area of the residential
building after applying the method in this paper is
14.93 kWh/m2, and the cooling load index is 6.15
kWh/m2, which meets the heating and cooling requirements of nearly zero-energy buildings, and can
provide basic data for continuous development of
green residential building.

INTRODUCTION
"Green building" is the use of the best building
energy-saving design, advanced energy-saving materials and technology to reduce the energy consumption of the building to the lowest level. It is a
resource-saving and environment-friendly building
mode [1-4]. For ecological independent houses, in
order to achieve the goal of green buildings, renewable energy sources, such as solar energy, geothermal energy, and wind energy, must also be used to
supply the energy required for heating and air conditioning, while using high-tech. On the basis of green
building technology at this stage, it is necessary to
focus on improving the thermal insulation efficiency
of the envelope structure [6-9]. Nearly zero energy
consumption is an effective way to achieve this goal.
The near-zero energy consumption building embodies the adaptation to climate characteristics and natural conditions [10-14]. It adopts an enclosure structure with thermal insulation performance and air
tightness. At the same time, fresh air heat recovery
technology is adopted to reduce the heating and cooling requirements of buildings and make full use of
renewable energy. It provides a comfortable indoor
environment with lower energy consumption,
thereby fulfilling the fundamental requirements of
green residential buildings.
In the near-zero energy consumption research
and development process, design is one of the most
critical links [15-17]. Existing design standards are
scattered in each professional standard system. Most
energy saving clauses are in non-professional technical standards. As a result, the accumulation of
many isolated energy-saving methods fails to
achieve the desired energy-saving effect. Therefore,
in this paper, we have conducted a systematic analysis of the key technologies for the near-zero energy
consumption transformation of the envelope structure, and then obtained a practical and effective energy-saving development path.
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First of all, we analyzed the current status of
energy consumption in residential buildings and the
reasons for heat loss in residential buildings, which
provide a reference for subsequent formulation of
scientific and reasonable renovation plans. Secondly,
3D models of residential buildings are designed. In
addition, according to the data calculated by the
model, the defects of the area ratio parameters of exterior walls, exterior windows, and window walls
and improvement methods are analyzed to ensure the
implementation of the near-zero energy consumption
technology and bring people a better living experience.
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the criterion [4], the specific results obtained are
shown in Figure 1.

MATERIALS AND METHODS
FIGURE 1
Air conditioning energy consumption in residential buildings at different insulation levels.

Residential building energy consumption.
Before studying the key technologies for the nearzero energy consumption transformation of the envelope structure, it is necessary to briefly understand
the actual building energy consumption status in hot
summer and cold winter areas to provide a theoretical basis for the near-zero energy consumption transformation.
Total building energy consumption includes
public building energy consumption, residential
building energy consumption and other building energy consumption. Residential building energy consumption includes residential buildings and dormitories, among which residential buildings account for
about 93%. Therefore, residential energy consumption is a key component of building energy consumption.
Heat loss in residential buildings is an important factor in energy loss at this stage. It is caused
by the heat transfer energy consumption of the envelope structure and the air infiltration of the door and
window slits. According to related data, the heat
transfer of the envelope structure is about 74~78%,
the outer wall is about 25~26%, the window is about
24~27%, and the roof is about 8~9% [3, 18]. It can
be seen that in the energy-saving planning of green
houses, the thermal insulation function of the envelope structure must be solved first.
In order to study the energy consumption of
residential buildings in hot summer and cold winter
areas, we set no hot water system in the room, turn
off the gas, the exterior of the building contains landscape lighting, and the external lighting load will not
enter the interior, and the windows use 2.5 mm thick
low-radiation single-layer glass windows (no external shading facilities). Ordinary ceramic tiles are laid
on the ground, the roof has good insulation performance, and the walls are 250 mm heavy-weight
walls. By inputting hot summer and cold winter
weather factors and other required parameters, and
taking the air-conditioning power consumption as

Figure 1 simulates the air-conditioning power
consumption from January to December under three
different envelopes. It can be seen from the figure
that no matter what kind of building envelope thermal insulation scheme is used, the highest air-conditioning energy consumption period is July and August. Taking July as an example, the air-conditioning
energy consumption under the three types of building envelopes without insulation, external insulation
and internal and external insulation are 18.2 kWh/m2,
13.9 kWh/m2, and 11.6 kWh/m2. If we take the absence of any thermal insulation measures as a comparison plan, we know that both external thermal insulation and internal and external thermal insulation
can effectively save electricity and energy consumption. This proves that building exterior wall insulation is an effective energy-saving method.
Residential building model construction.
With reference to the 3D landscape model construction method and considering the requirements of residential building models, we designed a convenient
and reliable 3D modeling program for green residential buildings. The process is shown in Figure 2.
When the model data is obtained, two parts of
data must be defined for the collective modeling of
residential buildings: geometric data and texture data.
The handheld laser rangefinder and steel ruler used
are combined as the basic measuring instrument,
which is convenient, light, easy to operate, and has
high accuracy. It is suitable for residential building
data measurement [7, 19-20]. We use AttoCAD to
make the floor plan of the building, that is, the threedimensional modeling base map. Then, Sketch Up
was adopted as a basic model drawing and texture
mapping tool. It can substitute the finished sketches
into 3D Max for repair and rendering, and finally
help us obtain a 3D model of green residential buildings.
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Sketch a plan

Get data model

Laser rangefinder +
steel ruler to collect
data

Sketch a plan

Create 3D geometry model

Build the finished
sketch and render it

Sketch a plan

Model point coordinate
processing

Write conversion
program

Sketch a plan

Model representation,
transformation and repair

Visual editing + city
GML processing

Sketch a plan

Model usage

model analysis

FIGURE 2
The 3D modeling process of green residential buildings.
The model point is just an isolated data collection in a custom coordinate system. To fulfill requirements such as spatial positioning, the model coordinate data needs to be classified into the local coordinate system or the national coordinate system. Bursa's seven-parameter model [6] is used to select common points with good accuracy and well-distributed
points around the building, and to find the seven parameters required for transformation. Furthermore,
the transformation from the model custom coordinate system to the local coordinate system is completed.
The basic parameter formula of coordinate conversion is [12, 21]

ªX2 º
« »
«Y2 »
«¬ Z 2 »¼

format. It describes the division of most geographical objects in the city, and considers the collection
and appearance of the regional model.
When using the data conversion tool to transform the model into the CityGML language, there
are many differences between different data, which
may cause damage to the model [22]. This paper uses
LandXplorer CityGML Viewer software to implement visual editing and repair of the model, and uses
CityGML 4J to complete the model analysis.

RESULTS
The technical elements of the near-zero energyconsumption transformation are: excellent thermal
insulation performance envelope structure, no thermal bridge creation and construction, good airtight
performance, high-efficiency fresh air heat recovery
system and renewable energy utilization. Regarding
the enclosure structure with high-quality thermal insulation performance, the following parameters are
set: the area ratio of the outer wall, the outer window,
and the window-to-wall area.

ª 1 H t  H Y º ª X 1 º ª 'X 0 º
1  m «« H Z 1 H X »» ««Y1 »» + «« 'Y0 »»
«¬ H Y  H X 1 »¼ «¬ Z1 »¼ «¬ 'Z 0 »¼

(1)
In formula (1), ǻX0ǻY0ǻZ0 are translation parameters, İX, İY, İZ, İt are rotation parameters, m is a
scale change parameter, (X1, Y1, Z1) are local or national coordinate system coordinates, (X2, Y2, Z2) are
the coordinates of the model's custom coordinate
system.
After realizing the construction of the 3D
model of the green residential building and the processing of the coordinate system, the model should
be appropriately expressed. At this time, according
to the specific characteristics of the model, an appropriate language should be selected for model explanation. In this paper, we choose "City Geography
Markup Language, CityGML". The reason is that
CityGML can complete an open data model for storing and exchanging virtual 3D city models in XML

Exterior wall renovation based on heat
transfer coefficient. The non-transparent envelope
structure changes the thickness of the insulation
layer to obtain the design heat transfer coefficient. If
the insulation thickness is too small, the heat transfer
coefficient will increase and cause more building
heat loss. If the thickness of the insulation layer is
too small, the economic investment will increase
[10]. According to the heat transfer coefficient requirements of the envelope structure, the thickness
of the insulation layer is set to 120~340 mm, the simulation variable step length is 30 mm, the relative
heat transfer coefficient of the outer wall is
0.198~0.084 W/(m2·K), and the roof heat transfer
coefficient is 0.175 ~0.063 W/(m2·K).
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change in the possible value of each influencing element. It can explore and evaluate the impact of
changes in influencing elements on a certain or a certain group of evaluation indicators from the perspective of quantitative analysis [24-25]. It can be seen
from Figure 4 that when the heat transfer coefficient
of the outer wall is between 0.198~0.06 W/(m2·K),
the energy-saving effect is reduced with the decrease
of the heat transfer coefficient.

Heating energy consumption
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Thermal insulation guide thickness of external wall / mm

FIGURE 3
Changes of energy consumption accompanied by
the thickness of the outer wall insulation layer.
In areas with colder temperatures, the most important thing is that the building must have good
thermal insulation. Enhancing the level of insulation
can not only reduce energy consumption, but also
achieve a higher indoor temperature in winter and a
lower surface temperature in summer to improve living comfort. The law of energy consumption with the
thickness of the outer wall insulation layer is shown
in Figure 3.
It can be seen in Figure 3 that the thickness of
the insulation layer of the envelope structure increases from 120 to 340 mm, the heat transfer coefficient is significantly reduced, the heating energy
consumption and total energy are reduced, and the
cooling energy consumption is not changed much.
The reason for this phenomenon is that the heat
transfer coefficient of the envelope structure has decreased, which reduces the heat consumption of the
foundation of the envelope structure. When the insulation thickness is less than 230 mm, the heating energy consumption exceeds the annual heating demand criteria for buildings with nearly zero energy
consumption in cold areas set in the technical guidelines [23]. When the thickness of the outer wall insulation layer is higher than 280 mm, the energy consumption changes very little, and the energy saving
effect is not obvious. At this time, increasing the
thickness of the insulation layer will lead to increased construction costs. Therefore, based on the
comprehensive consideration of the reference value
of the technical guide planning, the real energy-saving effect and the economic cost, we have turned the
thermal insulation material for the exterior wall of
the building with zero energy consumption in the hot
summer and cold winter area into thick graphite polystyrene insulation board.
The correlation between the external wall heat
transfer coefficient, energy saving rate and sensitivity coefficient based on the energy saving rate is
shown in Figure 4. The sensitivity coefficient is the
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FIGURE 4
Relationship between external wall heat transfer
coefficient and energy saving rate and sensitivity
coefficient.
Renovation of exterior windows based on
heat transfer coefficient. The outer window can
complete the heat minimization goal of the summer
working condition and is an important part to prevent
heat loss in the winter working condition. The exterior window is a relatively weak component in the
energy-saving planning of green residential buildings. Its heat transfer coefficient is many times that
of non-transparent enclosure structures such as exterior walls and floors. Reducing the heat transfer coefficient of the external windows and controlling the
window area can reduce the heat loss caused by the
windows, but this will also cause insufficient lighting and solar radiation heat that cannot be used effectively. If the window does not have excellent thermal performance, the temperature of the inner surface of the window will be very low, forming an airconditioning layer, which will greatly affect the indoor living experience and generate mold. Therefore,
important planning parameters such as the heat
transfer coefficient of external windows, window
walls, and the heat coefficient of the sun should also
be optimized to minimize the heating and cooling
needs of buildings.
The technical guidelines clearly point out that
the heat transfer coefficient of external windows in
cold winter areas is 0.70~1.20 W (m2·K) [13], and
the solar heat gain coefficient is higher than 0.5 in
winter and less than 0.3 in summer. The thermal performance of exterior windows of near-zero energy
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consumption green residential buildings is far superior to that of traditional buildings. When the heat
transfer coefficient of the outer window fluctuates
between 0.7 and 1.2 W (m2·K), the total energy consumption and total energy consumption of heating
and cooling are within the area defined by the technical guidelines. For the specific situation, we can
refer to Table 1. Considering the energy saving rate,
as shown in Figure 5, the heat transfer coefficient of
the exterior window has a much higher sensitivity
coefficient to energy consumption than that of the
exterior wall. From the perspective of heat transfer
loss of the envelope structure, Figure 5 shows that
the outer window is the weak area of the envelope
structure.
In view of the energy-saving problem of exterior windows, we propose some renovation plans.
First, reducing the heat transfer coefficient of each
exterior window is more beneficial to heating energy
consumption, and the effect of the south window will
be better than that of the exterior windows in other
directions. The use of hollow glass windows should
be promoted as much as possible. The use of plasticsteel single-frame ordinary hollow glass windows in
multi-story residential buildings has the best energysaving effect, but it must also be clear that plasticsteel windows have lower daylight coefficients and
solar aging than aluminum alloy windows. High-rise
residential buildings can meet energy-saving requirements by using thermal insulation and ordinary
aluminum alloy single-frame hollow glass windows.
High-rise buildings try not to use plastic-steel windows, because the installation position of external
windows has a great influence on energy consumption. Therefore, it is recommended to install the external insulation outside, the internal insulation inside, and the self insulation in the middle.
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factor, which represents the percentage correlation
between the natural light at a certain point indoors
and the outdoor daylight. Regarding green residential buildings, it is reasonable to have a daylight coefficient value of 6%~10%. In this paper, the average
daylighting coefficient of the daylighting area is not
less than 1% as the criterion to calculate the minimum window size, namely [21]

Cb

W S 5 f
1 T
100 AbT

(2)
In formula (2), Cb is the daylighting coefficient,
W is the window area, S is the coefficient of the shading angle ș, f is the window glass scattering transmittance, Ab is the total indoor surface area, and T is the
average indoor effective absorption rate.
The calculation formula for window area is

W

Reconstruction of window-to-wall ratio
based on daylighting coefficient. The primary consideration for energy-saving optimization of window-to-wall ratio is the specific requirements of daylighting standards for window-to-wall ratio. The
"Code for Residential Design" [11] requires that the
daylighting coefficient of the bedroom, living room
and kitchen of residential buildings is not less than
1%, and the daylighting coefficient is not less than 5%
when the lighting windows are installed in the staircase. The daylight factor is also called the daylight

100100 AbTCb
S  5 f 1 T

(3)
From the calculation result of formula (3), it
can be seen that the lowest window-to-wall ratios for
residential buildings with near zero energy consumption in the hot summer and cold winter areas that
meet the lighting conditions are as follows: east
(west) direction is 12.04%, south direction is 9.98%,
and north direction is 11.54%. Regarding the calculation result as the convergence criterion of the energy-saving optimization of the window-wall ratio
[15], the optimization result of the near-zero energy
conversion technology is more accurate. In addition,
the relevant standards set the window-to-wall area
ratio for each orientation in the cold area of residential buildings as follows: northward no higher than
25%, east (west) no higher than 30%, and southward
no higher than 45%. The annual heating energy balance of the mobile model passive house obtained by
the European standard calculation clearly shows that
12% of the window area causes 50% of the energy
loss of the passive house. Moreover, the passive use
of solar energy can be used to gain heat through windows. Therefore, we focused on the planning and design of the south-facing window-to-wall ratio. The
trend of energy consumption along with the change
in the south-facing window-to-wall ratio can be seen
in Figure 6.

TABLE 1
Energy consumption analysis of residential buildings based on different heat transfer coefficients of external windows.
Heat transfer coefficient of
Heating energy conHeating energy conTotal energy conCoding
outer window
sumption 1
sumption 2
sumption
1
0.7
16.01
9.01
51.79
2
0.9
16.97
9.14
52.64
3
1.0
17.54
9.06
52.96
4
1.1
17.69
9.87
53.26
5
1.2
17.86
9.95
54.95
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0.6

the global heat transfer coefficient of the window,
but also consider the influence of the solar heat gain
coefficient and the shading system, and the balanced
window-to-wall ratio on the internal thermal environment in winter and summer.
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FIGURE 5
Relationship between heat transfer coefficient of
the outer window and the energy saving rate and
sensitivity coefficient.
It can be seen from Figure 6 that the total energy consumption has shown an upward trend with
the increase in the south-facing window-to-wall ratio.
Heating energy occupies the main part, followed by
cooling energy. The amount of change in cooling energy consumption is higher than heating energy consumption. The reason is that the increased windowto-wall ratio will increase the indoor solar radiation
heat in winter, and the generated heat will help improve the indoor thermal environment and save heating energy consumption. Cooling energy consumption in summer increases significantly. This is because the ratio of window to wall increases, not only
the amount of heat conduction into the room using
the envelope structure increases, but the amount of
solar radiation entering the house through the outer
window also increases significantly. The selection of
external windows should not only pay attention to
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FIGURE 6
Relationship between energy consumption and
window-to-wall ratio.
Table 2 shows the simulation results of heating
and cooling energy consumption of green residential
buildings when the ratio of window to wall is different. Taking the building energy consumption with a
window-to-wall ratio of 0.15 as a comparative value,
as the window-to-wall ratio increases, the heating
and cooling energy consumption has changed significantly. Under the lighting conditions, the increase in
cooling energy consumption is the lowest overall
when the south-facing window-to-wall ratio is 15%
to 19%.

TABLE 2
Energy consumption simulation of green residential buildings based on different window-to-wall ratios.
Window-to- Heating energy
Cooling energy Total energy con- Heating sensitivity Cooling sensitivity
wall ratio
consumption
consumption
sumption
coefficient
coefficient
15
13.97
10.45
50.99
—
—
17
13.99
10.78
51.24
0.003
0.078
19
14.21
10.96
51.59
0.012
0.084
21
14.36
11.17
52.23
0.014
0.091
23
14.59
11.36
52.45
0.023
0.094
25
14.76
11.48
52.84
0.025
0.095
27
14.96
11.74
53.11
0.027
0.098
29
15.03
12.03
53.24
0.031
0.101
31
15.28
12.25
53.46
0.034
0.102
33
15.64
12.36
53.98
0.035
0.105
35
15.75
12.74
54.31
0.036
0.107
37
15.96
12.95
54.67
0.037
0.108
39
16.05
13.26
54.85
0.038
0.109
41
16.23
13.57
55.26
0.039
0.112
43
16.38
13.84
56.21
0.041
0.114
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TABLE 3
Residential building load.
Statistics project
Building air conditioning area
Building load value
Maximum heat load throughout the year
Maximum cooling load throughout the year
Cumulative heat load throughout the year
Cumulative cooling load throughout the year
Building load area index
Maximum heat load throughout the year
Maximum cooling load throughout the year
Cumulative heat load throughout the year
Cumulative cooling load throughout the year
Building seasonal load index
Heating quarterly heat load index
Air conditioning quarterly heat load index

Unit
m2
/
kW
kW
kWh
kWh

Statistics
176.54

W/m2
W/m2
kWh/m2
kWh/m2

55.23
131.47
14.58
6.23

W/m2
W/m2

5.07
2.73

10.02
24.56
2 745.31
1 087.26

building indoor environment, and obtained the external wall insulation energy-saving mode. A 3D model
of a residential building with nearly zero energy consumption was created.
The Bursa seven-parameter model is used to select common points with high accuracy and symmetrical distribution around the building. It can transform the model coordinate system and provide accurate building data for the near-zero energy consumption transformation of the envelope structure. The
energy consumption value is regarded as the object
of convergence, which combines the energy saving
rate and sensitivity analysis method, and can evaluate the heat transfer coefficient of the external wall,
the heat transfer coefficient of the external window
and the south-facing window-to-wall ratio parameter.
A near-zero energy-consumption renovation
plan for the envelope structure was obtained, and the
goal of near-zero energy consumption for buildings
in hot summer and cold winter areas was achieved.
The simulation experiment results prove that the best
heat transfer coefficient of the envelope structure and
the best window-to-wall ratio for each direction of
the building can be obtained according to the method
in this paper. And the cumulative heating load index
per unit area of the residential building after applying
the method in this paper is 14.93 kWh/m2, and the
cooling load index is 6.15 kWh/m2, which meets the
heating and cooling requirements of nearly zero-energy buildings.

Simulation experiment. In this paper, we take
the typical city A with hot summer and cold winter
as an example, and select residential buildings in a
certain area of the city to verify the practicality of
this article's near-zero energy-consuming renovation
technology. Based on the optimization methods of
the envelope structure identified by the above research, DeST-h is used to implement energy consumption simulation exploration on model buildings.
The internal structure of the residential building
room is set as the master bedroom, second bedroom,
balcony, bathroom, kitchen, etc. The heat disturbance inside the room is the system default value. The
maximum power for adjusting the lights is 6 W, and
we select "Definition of Ventilation Range" for indoor ventilation. The minimum ventilation frequency for the room and outside is 1 time/h in winter
and summer when the air conditioner is turned on. In
summer, the air conditioner is not turned on and set
to 3 times/h, and the maximum number of indoor and
outside ventilation is 6 times/h. The calculation results of the residential building load are shown in Table 3.
It can be seen from Table 3 that the cumulative
heating load index per unit area of residential buildings throughout the year under this method is 14.93
kWh/m2, and the cumulative cooling load index per
unit area is 6.15 kWh/m2. These two values are in
line with the heating and cooling energy consumption requirements of nearly zero energy consumption
residential buildings, and prove that the use of the
improved technology in this paper can achieve the
most fundamental energy-saving goals of green residential buildings.
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DISCUSSION AND CONCLUSIONS
In this paper, taking the hot summer and cold
winter area as an example, we analyzed the main reasons for the energy loss of the current residential
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greatly reduced the vitality of development and further widened the urban-rural gap. For this reason,
China proposes a rural revitalization strategy [1-3],
and the use of this strategy to coordinate the future
modernization development in China has the following significance:
(1) The implementation of this strategy is a necessary way to solve the problem of uneven rural development. Since the reform and opening up, the rural areas in China have undergone significant
changes, but there are still major dual structure problems, and economic backwardness is a prominent
manifestation of uneven development. From the perspective of per capita income and consumption level,
although the income and consumption levels of the
rural population grow faster than urban residents,
there is still a large gap in the consumption of highend durable goods such as automobiles and air conditioners. From the perspective of social security,
the current rural minimum guarantee and the new rural cooperative medical insurance standard [4-5] is
far lower than that of urban residents. If this situation
is not effectively improved, it will become the biggest obstacle to the modernization drive in China.
(2) The development of this strategy is to meet
the basic requirements of the people for a better life.
From the urban perspective, the residents' demand
for the quantity of agricultural products has been
well met, but the demand for the quality of agricultural products has not yet been met. Not only are rural areas required to provide a large number of pollution-free products, but also ecological products
such as clean air and water, and tranquil pastoral
scenery. From a rural perspective, not only has agriculture developed, but also the economy has prospered across the board, which has increased residents' income [6].
(3) The rural revitalization strategy has conditions for implementation. Since the strategy was put
forward, the overall development of urban and rural
areas has achieved certain results. Many measures
have been taken to speed up rural construction [7-8].
Some infrastructure has been significantly improved.
Public services such as the New Rural Cooperative
and Subsistence allowance have undergone historical changes from scratch, laying a solid foundation
for rural revitalization.

ABSTRACT
In order to achieve comprehensive, coordinated
and sustainable development, the coupling development path of economy and ecological environment
under the rural revitalization strategy is analyzed.
Through the dialectical relationship between economy and ecological environment, a coupling system
is established. We analyze the characteristics of the
relativity, controllability and relative stability of the
two developments, and draw the relationship between poverty and the ecological environment, and
the relationship between economic development and
the ecological environment. We divide the coupled
development evaluation system into index layers,
system layer, indicator layer and variable layer to determine the two evaluation indicators. Then, we use
factor analysis to reduce the dimensionality of indicator data, build a coupled development degree evaluation model. After that, we combine the development degree, respectively from improving infrastructure, villagers’ quality, developing circular
economy to transform government functions and
other paths to further promote rural revitalization
and achieve coordinated economic and environmental development.

KEYWORDS:
Ecological environment, rural revitalization strategy, economic development, coupling system, factor analysis
method

INTRODUCTION
The rural area is a regional spatial organization
structure relative to the city. The rural population is
sparsely distributed and the economy is relatively
backward compared with the development speed of
industrialization and urbanization. Promoting rural
modernization has become the foundation and important guarantee for building a powerful socialist
country. In recent years, the rural population has
fallen sharply, and the number of high-quality young
laborers has migrated to a large extent, which has
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Under the strategy of rural revitalization, although people's material level has been improved, environmental problems have become increasingly
prominent, and pressures on population, resources,
and other aspects have become more and more serious, which has an adverse impact on the sustainable
development in China. To achieve comprehensive
and coordinated development, the relationship between economy and environment must be correctly
handled. Therefore, with the support of rural revitalization strategy, this article analyzes the development path of the coupling of economy and ecological
environment [4, 9]. The coupling between ecology
and economy belongs to both ecological management and economic management process. Under the
continuous improvement of market mechanisms, by
promoting the common progress of economic benefits and ecological environment, a win-win situation
of economic growth and environmental improvement is achieved.
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FIGURE 1
Schematic diagram of the relationship between
economic development and ecological
environment.
(1) Ecological environment perspective. Economic development is carried out on the basis of the
ecological environment. The essence of social production is to obtain resources from the natural environment and form the means of production through
processing. In the process, some resources are converted into products, while other resources are returned to the environment as waste [12]. A better environment can reduce the cost of economic development and provide continuous power support for development. If the environment is destroyed, its deterioration will be reflected through economic development, affecting the pace of development, and at
the same time further deteriorating the environment
through economic development. Therefore, protecting the ecological environment can promote a virtuous circle, provide a good environment for economic
construction, and achieve sustainable economic development.

MATERIALS AND METHODS
Dialectical relationship analysis. Any economic activity is generated in the system of economic development and ecological environment,
and the impact of economic development on the environment is a key issue and prominent contradiction
in modernization [4]. Analyzing the dialectical relationship between the two is of great significance to
coordinated development.
The materialist dialectical point of view points
out that all things and phenomena are divided into
two aspects: mutual connection and mutual exclusion. The various elements within things are in a contradictory system. The two attributes of contradiction are identity and struggle, and they are interrelated. Struggle cannot exist alone without identity,
and struggle is restricted by identity. These two
properties jointly push things forward. The abovementioned dialectical relationship requires people to
grasp the opposition in the unification [10-11], and
only in this way can we accurately deal with the contradictory characteristics of things. The economy
and the environment co-exist in a large system, and
they interact and influence each other. Economic development plays a leading role and is an important
condition for improving the ecological environment,
and the ecological environment is a necessary guarantee for economic construction. Based on this, a
schematic diagram of the relationship between economic development and ecological environment is
shown in Figure 1.

(2) Economic development perspective. Economic development promotes the ecological environment mainly in the following two aspects: in the
case of good economic development, it can provide
more economic support for improving the environment, and improve the environment through science
and technology and macroeconomic control methods.
Without economic development as a prerequisite,
people's material conditions and environmental quality cannot be improved. On the other hand, through
scientific development and rational use of the natural
environment, combined with human development
needs, a more ideal production and living environment can be constructed.
(3) The relationship between the two. Without economic development, environmental problems
cannot be fundamentally resolved. The development
cannot be achieved without improving the environment. This requires people to deal with the relationship between the two objectively, not to restrict economic development because of environmental protection, but to open up a path to carry out economic
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construction within the maximum tolerance of the
ecological environment.
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best economy or the best environment unilaterally,
but to formulate the most suitable economic development method under special environmental and social conditions, and to unite with the best ecological
goal. The most suitable development method is the
best goal for the ecological environment, which will
improve people's living standards. Economic goals
that do not consider ecological and environmental issues will become pure economic growth goals [10,
19]. Although such goals can meet people's greatest
requirements in a short time, they destroy the foundation of economic development and cannot achieve
sustainable development. Similar to the above-mentioned reasoning, the most appropriate ecological
goal is for the economy, and is in line with the goal
set on the basis of economic development. Without
the premise of economic development, purely ecological goals have no economic significance for social progress.

Economic and ecological coupling development characteristics. Coupling is a physical concept, which means that two or more systems interact
with each other and then unite, or they interact
through a certain internal mechanism to form integration. Coupling forms include the following types:
indirect coupling, data coupling, control coupling,
etc. Coupling theory mainly includes system theory
[13-15], cybernetics and synergetics, etc. It mainly
analyzes the coordination relationship and development mechanism of coupling systems, and is widely
used in agriculture, ecology and other fields.
From the perspective of system composition,
the system is composed of two or more elements
with mutual relations, which operate according to
certain rules, and have overall functions and comprehensive behaviors. It can be seen from the above that
the system coupling has the following four premises
[7, 16-17]:
The influencing factors that make up the system must have diversity and differences to promote
the continuous evolution of the system. Different influencing factors have certain correlations, and the
degree of factor change determines the interaction,
restriction and transformation of each element. The
mechanism of action of different elements needs to
comply with system rules, which can not only limit
the constituent elements, but also promote the realization of system functions. The influence of individual elements in the system is limited and must interact to become a whole.
Therefore, the system has the following characteristics: there is a certain boundary, which is a sign
of dividing each part of the system. It has a fixed hierarchical structure [18], which can be subdivided
into several subsystems. The component elements
have a certain proportional relationship and arrangement order. The system not only can reflect the independent functions of the subsystems, but also the
functions that each element does not have. This feature is called system integration and can be expressed as 1+1>2.
In order to facilitate the study of the law of system evolution, classification is required. Under the
action of a large number of elements, combined with
the movement characteristics of the elements, it can
be divided into dynamic systems and static systems.
According to the subject's understanding of the system, it can be divided into conceptual systems and
material systems. The research in this article belongs
to natural systems and artificial systems. The coupling characteristics of the development of these two
systems are as follows:

(2) Controllable characteristics of coordinated development. There are certain laws in the
coupled development of economy and ecological environment. By analyzing the regularity of movement,
obeying the laws of ecology and economy, using scientific methods, and economic measures and other
macro-control measures [9, 20], its development can
be regulated and controlled.
(3) Relative stability and dynamic characteristics. The economic and ecological environment
subsystems have their own adjustment capabilities,
which can control internal and external changes in
the system, but the degree of control is limited.
When the internal or external conditions of the system change, if the self-regulating ability is not exceeded, the system can restore the initial coordinated
state. If the maximum bearing capacity is exceeded,
the initial state is broken, and the system will re-establish balance under the new conditions [21].
Therefore, the coupled development of the economy
and the ecological environment is relative and conditional, while the movement is absolutely unconditional.
Establishment of an evaluation index system
for the coupled development of economy and
ecology. The respective subsystem factors of economy and ecology are embodied as variables in quality and quantity. Combining the characteristics of the
coupled development of the two, we determine the
representative evaluation indicators, and combine
their respective characteristics to form a coupled development indicator system that reflects the development status as a whole and evaluates it. This index
system is a comprehensive measurement of coupled
development, which is a systematic assessment of
the degree of coupled development, which helps to
find out the restrictive factors and analyze the devel-

(1) Target relative characteristics. The coupling development between the economy and the
ecological environment does not only start from the
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opment path rationally. Compared with other individual indicators, the index system has the advantage
that it can fully reflect the operation and development of the economy and the ecological environment.
The indicator system is divided into the following four levels: 1) Index layer: It is the economic and
environmental coordination index, which can reflect
the overall situation and coupling degree of the two.
It is the highest level in the entire system, with two
subsystems of economy and ecological environment.
2) System level: Determined by some specific methods or technical processing. These indicators cannot
be directly obtained from data. Different analysis
methods can obtain different system values. Choosing the index that best reflects the state of the system
among a large number of indexes will help simplify
the index. 3) Indicator level: Its role is to ensure that
the meaning and scope of the system level are further
clarified and clear. Setting the variable layer under
this layer is not only a synthesis of the index layer,
but also a medium between the system layer and the
variable layer [22-23]. There are multiple variable
layers in any indicator layer. 4) Variable layer: indicators that have clear definitions and can be found in
data. Its characteristics are relatively standardized
and provide scientific assistance for the research index level.
The economic and ecological environment coupling development indicator system is a unified
whole, which requires both upper and lower levels
of connection and parallel relationships between indicators. Different indicators reflect different aspects
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of coupled development. According to the actual situation, reasonable indicators are selected (Table 1).
These indicators need to reflect the current situation,
structural level, overall situation and trend of the two.
Economic indicators are the first category of indicators. The purpose of its development is to promote production, increase production scale, improve
the economic system, and increase economic benefits, so as to promote the enhancement of comprehensive strength, further create better products, and
meet people’s growing material cultural needs.
Environmental indicators are the second category of indicators, which refer to the sum of different
factors related to economic development outside the
economic system, mainly reflecting environmental
quality, governance and resource utilization indicators.
Construction of the evaluation model for the
degree of economic and ecological coupling development. Using the above-established index system
to evaluate the degree of economic and environmental coupling development involves calculation problems. Because of the large number of indicators,
there is usually a correlation between different indicators, which will increase the computational complexity. Therefore, this article uses factor analysis to
perform dimensionality reduction operations to
eliminate the mutual influence between indicators
and reduce the amount of calculation.

TABLE 1
Indicators for coupled development of economy and ecological environment
Scale
GDP
The tertiary industry as a percentStructure
age of GDP
CompetiForeign investment as a percentage
tiveness
of GDP
Overall labor productivity, energy
EcoEffectiveconsumption per 10, 000 yuan outEconomic
ness
put value
nomic
indiand
Fiscal
revenue
as a percentage of
cators
System
ecoGDP
logiPer capita housing area of rural
cal
population, number of college stuQuality of
coordents in ten thousand, natural popLife
diulation growth rate, per capita
nated
GDP
develEnvironSulfur dioxide emissions, soot
opmental
emissions
ment Enviquality
index
Total economic investment in enronvironmental treatment; industrial
menGovernwastewater treatment compliance
tal inance
rate; comprehensive solid waste
dicatreatment efficiency
tors
Resource
Resource consumption, resource
utilization
processing conversion rate
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Since the attributes and units of each variable
are different, there are both qualitative and quantitative indicators. There is no unified standard and cannot be compared. For this reason, the factor analysis
method is used to calculate the result deviation [12],
and the data is standardized. The calculation steps
are as follows:
Step 1: Select a set of evaluation indicators
Select the key evaluation indicators that affect
the coupled development of the economy and the
ecological environment, and construct an indicator
set, where is the number of indicators, and the initial
indicator data is obtained through actual investigation and research.
Step 2: Standardize initial data of indicators
In order to eliminate the influence of different
dimensions between different indexes, the index obtained after the initial data ܺ is quantified is expressed as ܻ . For the forward expression as follows
[15]:

Yij

X i  X min
, i 1, 2,..., p
X max  X min

RESULTS
Based on the judgment of the above-mentioned
coupling development degree, the following development path is proposed on the basis of the rural revitalization strategy.
Improve infrastructure and increase coupling benefits. For a long time, the development of
rural economy has been slower than that of cities.
Under such a long-term accumulation of backwardness, technology and infrastructure have been relatively backward. Despite the continuous increase in
policy preference and financial support after the
founding of New China, disaster prevention facilities,
environmental protection facilities and various treatment facilities in relatively remote rural areas are
still lagging behind the social average. Among them,
the backward transportation facilities are the most
obvious.
As the proportion of mountains in rural areas is
relatively large, and there are many high mountains
and valleys, it has increased the difficulty of infrastructure construction and increased costs. Therefore,
traffic problems have become the main reason restricting economic development and resource development [13, 24]. Inconvenient transportation, different cultures and concepts have caused social closure,
leading to information, technology, and autism. The
backwardness of the geographical environment not
only increases the cost of economic activities, but
also affects rural education, medical care, tourism,
and the introduction of talents, hindering the vitality
of the rural economy, and restricting the protection
and governance of the ecological environment. The
backwardness of infrastructure also reduces the output performance of the ecological environment and
cannot reasonably provide ecological benefits for
economic construction.
In terms of ecology, we need to strengthen the
transformation and construction of some infrastructures such as environmental protection, wastewater
treatment, and disaster prevention to improve ecological benefits and protect the environment.
In summary, strengthening infrastructure construction is an important foundation for the coupled
development of the economy and the ecological environment. While promoting economic growth helps
to update some outdated concepts.

(1)

The negative index expression is:

yij

X max  X i
X max  X min

(2)

Step 3: Construction of the evaluation model
for the coupled development of economy and ecological environment
The comprehensive evaluation model is as follows [9, 18]:
n

Ui

¦G W
ij

ij
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i  1, 2,3,..., n

j 1

(3)
In formula (3), ܷ represents the calculated system value, ܩ represents the correlation coefficient
between the factor ݆ and index extracted from the
system ݅, ܹ describes the factor ݆ contribution rate
obtained from the system ݅, and ݊ is the total number
of factors extracted by the system ݅.
All calculated values obtained are weighted
and summed to obtain the economic and ecological
coupling development index. It is a comprehensive
evaluation index for coupled development. The
higher the index, the better the degree of coupled development; conversely, the lower the degree of coupling. The degree of coordinated economic and ecological development in the region can be judged according to the coupling development index in different periods.
All calculated values obtained are weighted
and summed to obtain the economic and ecological

Improve the quality of villagers and promote
ecological civilization. In some remote rural areas,
due to the closed nature of the society, some backward ideas such as conservative and comfortable
with the status quo are left behind. Under the constraints of more traditional concepts, they have become accustomed to the generation of agricultural
production methods, which hinders economic development.

coupling development index. U is a comprehensive evaluation index for coupled development. The
higher the index, the better the degree of coupled development. The degree of coordinated economic and
ecological development in the region can be judged
according to the coupling development index in different periods.
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Affected by factors such as outdated concepts
and economic backwardness, some areas have unhealthy social culture, mainly reflected in the high
dropout rate and low cultural quality. If you want to
improve the quality of villagers, you need to do the
following:
To emancipate the mind, ideological education
must be universal, to transmit new economic concepts, talent concepts, and ecological protection concepts to all people, to change out-of-date ideas to the
greatest extent, and to bring them out of stereotypes
and bad habits.
To strengthen the intensity and depth of regional education, rural education is mainly reformed
from four aspects: improving compulsory education
ability, doing well in villagers’ vocational and technical training, vigorously promoting employment
training, enhancing teacher training, improving the
teaching environment, etc., and improving overall
education coverage and teaching level to cultivate
residents' self-development ability;
In addition to the above, it is necessary to increase the number of scientific and technological talents, formulate talent introduction strategies or conduct talent exchange and study, and improve the cultural literacy of villagers.

must be based on the development of ecological industries. The ecological industry can scientifically
allocate energy to improve the recycling rate. In rural
areas, we should focus on the development of ecological animal husbandry, ecological industry, and
ecological tourism in light of actual conditions.
The development of the aforementioned ecological industries requires financial support and policy support from governments at all levels. The coupled development of economy and environment requires reference to ecological laws in addition to
economic effects. Therefore, relevant departments
need to put aside one-sided economic growth data
and place the economy under environmental constraints. In addition, it is necessary to adjust the product structure and the degree of industrialization,
combine local ecological advantages, and develop
ecological industries in accordance with local conditions.
In short, only by vigorously developing ecological industries can ecological benefits be converted
into economic benefits scientifically and rationally,
and a new rural outlook featuring the coupled development of economy and ecological environment can
be built.
Transform government functions and promote system innovation. The high degree of social
integration and stability determines the leading role
of government departments in rural areas (Figure 2).
Even if a certain region is given sufficient preferential policies and development space, the government
will inevitably appear dislocation and loss of position under the premise of leading the government.
The rural economy needs to be dynamically adjusted,
and its own development capabilities must be enhanced. Too many controls and preferential treatments may not solve the fundamental problem.
Therefore, the government needs to do the following:

Develop circular economy and develop ecological industries. Strengthening rural ecological
construction is not to ignore economic development,
but to take ecological construction as the basis and
form a coupled development pattern with economic
development as the main theme. The two not only
restrict each other but also promote each other, forming a healthy and sustainable development. Circular
economy is an economic form that best reflects the
coupling relationship.
Under the severe ecological situation in rural
areas, the coupling of economy and environment

National
macro policy

Policies to
support
development in
poor areas
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FIGURE 2
Policy guarantee system of government departments.
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First of all, the government should change the
functions so that the government can play its role in
planning, regulation, organization and other macro
aspects to the greatest extent. They should entrust the
development of rural economy to local enterprises,
and combine the contribution rate of economic benefits to the ecological environment to form a benefit
evaluation system.
Second, the government should promote the reform of the enterprise system. The non-public economy itself has a small market capacity and slower
development. If the government intervenes too much,
it will restrict development to a certain extent.
Measures such as asset replacement and policy relaxation should be adopted.
Finally, we should combine ecological construction with increasing per capita income, take a
long-term perspective, and completely get rid of the
traditional inconsistency of economic growth index
evaluation of social and economic conditions.
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to further improve the indicator system and adjust
the weight coefficients reasonably.
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ABSTRACT
Here, a large-scale 3D physical similarity simulation experiment model is developed to understand the complex environment of the surrounding
rock during the tunnel boring machine (TBM) construction at the auxiliary adit of the Laobawan Coal
Mine. Monitoring multiple indicators including
“sound-heat-light-electric” in the testing system in
real time revealed the evolution characteristics of
the surrounding rock supported by the adit segment.
We found that the deformation of the surrounding
rock follows different trends during different stages
of TBM construction. The deformation of the surrounding rock and the expansion of the fissure can
be divided into four stages during which the evolution of the deformation is nonhomogeneous, namely the initial, excavation stress rebalance, fissure
growth, and fissure penetrating stages. A 1.3-mdiameter loose ring of surrounding rock is formed.
The change in the microstrain of the segment can
be divided into two stages. The first stage corresponds to the growing period while the second
stage corresponds to a stabilizing period of the
microstrain. Owing to the reorganization of the
surrounding rock structure and stress reconstruction, a rapid microstrain increasing zone will occur
in the growth stage, while rapid microstrain increasing and decreasing zones will occur in the stabilization stage. The segment stress gradually transforms
from the inherent symmetric to an asymmetric
characteristic. After the adit construction, the segment stress gradually transitions from the highly
asymmetric state to a relatively uniform condition,
while the magnitude of the stress significantly increases. These results will aid in environmentally
TBM construction in the mining industry, understanding the deformation and damage characteristics of the surrounding rocks, and designing the
segment support.

INTRODUCTION
The tunnel boring machine (TBM), also
known as the full-face rock boring machine, is an
advanced piece of construction machinery that has
been widely used in the construction of tunnels and
subways. Such machinery has also been used in the
field of mining engineering in recent years such for
the construction of Donkie-marein Coal Mine in
Canada and several other coal mines in China,
including the Wangjialing Mine, Tashan Coal Mine
near Datong, and the No. 2 auxiliary well of the
Bulianta Coal Mine owned by the Shenhua
Shendong Coal Group Co. Ltd. TBM construction
technology has already achieved a remarkable tunneling speed exceeding 1000 m per month (Shanxi
Wanjiazhai Yellow River diversion project). In
addition, as the construction technique and operating process becomes more established for TBM,
such technology becomes increasingly advantageous as it enables safer, faster, more economic,
and environmentally friendly tunnel construction
[1-3]. Therefore, applying TBM technology to the
roadway construction of coal mines is of great significance for shortening the construction period,
reducing the cost per ton of coal, and realizing safe,
highly efficient, and sustainable coal mine development [4-7]. Song et al. [8] performed a mechanical analysis of the segment support during TBM
tunnel construction. They summarized the deformation characteristics of the segment under stress,
and established a mechanical model of the segment
with one end fixed and one end simply supported.
Chen et al. [9] developed a tunnel segment model
with nine rings using the finite element software
ADINA. They applied grouting and jack pressures
to their model, and analyzed the strain and stress
distribution of the tunnel lining segment. Chen et al.
[10] studied the stability of the surrounding rock
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during the TBM construction of a tunnel with large
mudstone deformation. They analyzed the distribution of pore pressure, stress field, and displacement
field of the surrounding rock, as well as the stress
of the concrete lining segments. These analyses
provide important theoretical references for future
tunnel construction practices. Leng at al. [11] explored the disturbance of TBM construction on the
surrounding rock using the finite difference method. They suggested that the displacement and plastic zone associated with TBM construction are only
65% and 70% of those associated with the drilling
and blasting approaches, respectively.
The physical similarity simulation experiment
is one of the main research methods used for laboratory tests. Compared with other methods, 3D
loadable similarity simulation experiments are more
reasonable approaches for studying underground
engineering projects under 3D stress conditions.
For example, Li et al. [12] developed a discretized
3D multi-principal stress surface loading rack system. Zhang et al. [13] developed a 3D geomechanical experimental system independently. The Institute of Mining Technology at Taiyuan University of
Technology developed a large-scale 3D coupled
solid-liquid simulation test bench [14]. Lai et al.
[15-17] performed large-scale 3D simulation experiments to analyze the deformation of surrounding
rock in complex environments. However, most of
these studies are limited to either theoretical analysis or numerical [18]. There has been a lack of
research on using 3D physical similarity simulation
experiments to investigate the surrounding rock in
the TBM construction of roadways supported by
segments in the mining industry. In this study, we
focused on the TBM construction at the auxiliary
adit of the Laobawan Coal Mine and developed a
large-scale 3D physical similarity simulation experimental model. Specifically, we applied a coupled
“dynamic-static” load on the testing system and
monitored multiple indicators in the system including “sound-heat-light-electric” in real time. These
testing data provide an important scientific basis for
controlling the deformation of surrounding rock and
designing the support parameters for future TBM
construction.
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a length and diameter of 20 m and 6.4 m, respectively. The main parameters used in the experiment
are determined as follows: (1) the geometric similarity scaling ratio between the model and the prototype is 1:10; (2) the filling length, width, and
height of the similarity materials are 4.42 m, 1.95
m, and 2.90 m, respectively; (3) the primary experimental materials include sand, gypsum, white
powder (mixture of calcium carbonate and magnesium carbonate), clay, and Balinese stone. Among
these materials, sand, gypsum, and white powder
are mixed in a certain ratio to form rock layers of
similar strengths (hardness and toughness), as
shown in Figure 1.

FIGURE 1
Large-scale 3D physical simulation experimental
platform.
Experimental test system. The 3D simulation
experimental design plan, model, and test systems
are shown in Figure 2. A large-scale multifunctional experimental bench that can apply a
preset (asymmetric) dynamic load is used in this
similarity simulation experiment. A total of six
testing systems are used in the experiment: (1)
SAEU2S digital intelligent acoustic emission device used to test the internal damage, rupture, deformation levels, and energy variation characteristics of the surrounding rock under different loading
and excavation disturbance conditions; (2) thermal
infrared camera used to quantify the heat of the
surface rock in the model and summarize how the
heat of the rock mass varies as a function of its
internal deformation; (3) optical borehole observation system and detecting device used to quantitatively validate the damage and failure characteristics of deep rock formation during excavation; (4)
multi-channel computer-based pressure data acquisition system used to analyze the distribution of
stress and support load during the TBM construction process and how these distributions evolve
over time; (5) optical total station and close-range
photographic technology used to establish a 3D
model, digitalize the deformation characteristics of
the surrounding rock, and collect digital information of the rock mass and segment deformation;
(6) static strain analysis system combined with the

MATERIALS AND METHODS
Construction of large-scale 3D physical
simulation experiment. The simulation experiment
was developed using the actual TBM construction
site at the auxiliary adit of the Laobawan Coal Mine
as the prototype to explore how the deformation of
surrounding rock evolves during TBM construction.
A large-scale 3D physical simulation experimental
setup with a length, width, and height of 8.8 m, 5.6
m, and 12.0 m, respectively, was used to simulate
the real construction site. The simulated tunnel has
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above monitoring data to provide in-depth analysis
of the deformation/dislocation behavior of the segments and deformation characteristics of the surrounding rock. These analyses will provide a scientific basis to optimize the TBM construction process in the mining industry.
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of the deformation and damage behavior of the rock
layers when being disturbed by the TBM construction process under a realistic stress condition.
When predicting the damage precursor of surrounding rock, it is difficult to observe the damagerupture source during experimental monitoring and
in engineering practice. The relationship between
the “identifiable feature” associated with the local
deformation and stress damage of the rock mass can
be obtained by analyzing the AE signals. Based on
the statistical analysis of the AE signals, the deformation of the surrounding rock and the expansion
of the fissure can be divided into four stages: the
initial, excavation stress rebalance, fissure growth,
and fissure penetrating stages.
Figure 4 shows the AE characteristics associated with fissure growth in the surrounding rock.
With continuous excavation of the adit, the signals
collected by the AE transducers were found to
change substantially. The statistics of the peak
values are given as the numbers of big events:
4,613/min, 4,129/min, 4,263/min, 4,765/min, and
5,266/min; the total number of events:102,012/min,
9,436/min, 9,014/min, 10,014/min, and 9,823/min;
and the energy rates:31,439, 46,946, and 20,162.
During this period, the internal fissure kept collapsing and expanding and the surrounding rock was
deformed severely. From the results, the growth of
the fissure can be clearly observed until it penetrated the entire rock mass.

RESULTS
Acoustic emission data analysis. In the experiment, a set of digitalized intelligent acoustic
emission (AE) devices were used to monitor the
internal variation of the surrounding rock during the
excavation process at the mine adit. The AE transducers were deployed at hole #1 at 200 m above the
adit, hole #2 at 200 mm from the left side, hole #3
and #4 at 200 mm from the bottom, and hole #5 at
200 mm from the right side. Figure 3 shows the
detailed layout of the measuring points of the AE
transducers.
Following a similar principle as the actual
TBM construction process, the acoustic emissions
were monitored at different stages during the test,
where each stage covered a drilling footage of 400
mm. The excavation started with a diameter of 640
mm and was accomplished on the full face in a
single run. A high-power drilling rig was used to
ensure the similarity of the experimental excavation
process. This will allow for an accurate simulation

FIGURE 2
Design of large-scale 3D physical simulation monitoring system.
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The temperature gradient (TRP) can be expressed as a function of the position coordinate
vector (x, y, z) as [17]
T RP x, y , z

(2)

Analysis of the infrared image obtained after excavating for 200 mm and installing the
support. Figure 5(b) shows the infrared image of
the experimental model obtained after the first
excavation of 200 mm and installation of the support. The optical image clearly shows that the first
excavation is complete, and all the supports are
already installed in the tunnel. The temperature at
the surface of the model can also be clearly seen
from the infrared image where the roadway is primarily shown by pink (warm) color while the surface of the model outside the roadway is mainly
shown by blue (cold) color. This feature suggests
that the temperature of the roadway is slightly lower than the temperature at the surface of the model
outside the roadway after completion of excavation
and support installation; however, this difference is
not very large. Compared to the surface temperature
of the model before excavation, no significant
change was observed after completion of the first
excavation and support installation as both cases
are characterized primarily by blue regions. After
the first excavation of 200 mm and installation of
support in the tunnel, the internal stress was redistributed inside the model. The surface temperature of the model outside the roadway is thus slightly higher than the temperature inside the roadway,
as shown in the infrared image. Nevertheless, this
difference is not very large. A stress relaxation was
found to occur at the lower left corner of the adit,
but the surface temperature of the model outside the
roadway remained almost constant after the first
excavation.

FIGURE 3
Layout of AE measuring points on the experimental platform.
By analyzing the AE information, the relationship between the crack expansion İf, the number of
big events AEe, and the energy rate AEer can be
defined as
İf = 4000AEe + 10000AEe

wT
wT
wT
i
j
k
wx
wx
wx

(1)

Infrared thermography (thermal) analysis.
A series of infrared images were obtained by continuously shooting the model with an infrared camera during the experiment. After analyzing and
processing the images, six groups of pictures were
selected to represent different stages during the
experiments. The figures shown in the left column
are optical images while the ones shown in the right
column are infrared images. The infrared image of
the experimental model before excavation is shown
in Figure 5(a). “Hot spots” with different colors are
revealed in the infrared images taken during the
experiment. The temperatures at these “hot spots”
are higher than those in the surrounding regions.

FIGURE 4
AE characteristics associated with the growth of the fissure in the surrounding rock.
(a) Statistics of the events, (b) Energy rate-time relationship.
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FIGURE 5
Thermal infrared imaging analysis.
(a) Infrared image taken before excavation, (b) Infrared image taken after the first excavation of 200 mm and installation of
the support, (c) Infrared image taken after the second excavation of 200 mm and installation of the support, (d) Infrared
image taken after the third excavation of 200 mm and installation of the support, (e) Infrared image taken after the fourth
excavation of 200 mm and installation of the support, (f) Infrared image taken after the fifth excavation of 200 mm and installation of the support.

Analysis of the infrared image obtained after excavating for 400 mm and installing the
support. Figure 5(c) shows the infrared image of
the experimental model obtained after the second
excavation of 200 mm and installation of the support. The optical image clearly shows that the second excavation is complete, and all the supports are
already installed in the tunnel. Meanwhile, the
infrared image shows that the roadway is characterized primarily by pink colored (warm) regions after
the second excavation and support installation. The
upper region of the model surface outside the roadway is characterized primarily by blue colored
regions (cold) while the lower region is composed
of a mixture of blue and pink colored regions.
These features demonstrate that the temperature at
the surface of the model outside the roadway is
already slightly higher than that inside the roadway.
In addition, the temperature at the upper part of the
model surface outside the roadway is slightly higher than that at the lower part of the model surface.
Compared to the images obtained after the first
excavation of 200 mm and support installation, the
infrared images obtained after excavating for 400
mm and installing the support shows a stronger
level of pink color in the roadway and a more apparent blue color on the upper side of the model
surface outside the roadway. With increasing excavation depth into the adit, two stress fractures occurred on the lower part of the adit owing to the
stress transfer effect.

Analysis of the infrared image obtained after excavating for 600 mm and installing the
support. Figure 5(d) shows the infrared image of
the experimental model obtained after the third
excavation of 200 mm and installation of the support. The optical image clearly shows that the third
excavation is complete, and all the supports are
already installed in the tunnel. The infrared image
shows that the roadway is characterized primarily
by pink colored regions after the third excavation
and support installation. Compared to the images
obtained after the second excavation of 200 mm
and installation of the support, the infrared images
obtained after the third excavation of 200 mm and
support installation show more significant pink
colored areas for the roadway and a more apparent
blue color for the surface of the model outside the
roadway. With increasing excavation depth into the
adit, the overlying rock formations started acting on
top of the adit. Specifically, a concentrated stress
was observed in the upper left corner and the rock
masses in the lower left corner of the bottom side;
the regions originally under stress relaxation were
now crushed and broken.
Analysis of the infrared image obtained after excavating for 800 mm and installing the
support. Figure 5(e) shows the infrared image of
the experimental model obtained after the fourth
excavation of 200 mm and installation of the support where the roadway is primarily characterized
by pink colored regions in the infrared image.
Compared to the images obtained after the third
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excavation of 200 mm and support installation, the
infrared images obtained after the fourth excavation
of 200 mm and support installation reveal more
apparent pink and blue colored regions in the adit
and on the surface of the model outside the adit,
respectively. The overlaying rock formation is now
observed to affect the surroundings of the adit causing stress concentration throughout the region and
severely destroying the bottom of the surrounding
rock.
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Analysis of deformation inside the borehole
using light. When using the optical borehole observation and testing device, a probe equipped with an
illuminating component is inserted into a pre-made
testing bore to observe the growth of the fissures
inside the rock mass. This observation allows us to
determine the damage condition inside the rock.
A total of six testing boreholes were drilled on
the top and front part of the model. The parameters
associated with each borehole are as follows: borehole 1: diameter = 4 cm and depth = 60 cm; borehole 2: diameter = 4 cm and depth = 165 cm; borehole 3: diameter = 4 cm and depth = 83 cm; borehole 4: diameter = 4 cm and depth = 63 cm; borehole 5: diameter = 4 cm and depth = 105 cm; and
borehole 6: diameter = 4 cm and depth = 20 cm.
As shown in Figure 6, the boreholes were relatively intact in the early stage of excavation with a
smooth hole wall and a small amount of fissure
damage. Over the course of the experiment, different levels of damage occurred on the hole wall
because of the disturbance on the surrounding rock
induced by the excavation activity through the adit.
Six types of deformation damage were found in the
borehole: oblique fracture, lateral fracture, shear
fracture, hole wall expansion, disintegration, and
section deformation. The lateral fracture was mainly caused by the difference in the displacement of
the rock layer induced by the gravitational effect of
the overlaying rock formation during the excavation
process of the adit. Oblique and shear fractures
were caused by the internal shear stress inside the
model. Disintegration and wall expansion were
caused by the locally concentrated stress inside the
model. Section deformation was primarily caused
by the horizontal stress.

Analysis of the infrared image obtained after excavating for 1 m and installing the support.
Figure 5(f) shows the infrared image of the experimental model obtained after the fifth excavation of
200 mm and installation of the support. Compared
to the images obtained after the fourth excavation
of 200 mm and support installation, the infrared
images after the fifth excavation of 200 mm and
support installation show a wider area inside the
adit characterized by the blue region. In addition,
the color at the surface of the model outside the adit
in the image changed from red to green. These
behaviors indicate a strong deformation of the segment inside the adit. The surrounding rock of the
adit has already formed a loose circle. According to
equation 2, we have TRP = 14.8 –    ႏ
The model possesses an axisymmetric geometry
such that the magnitudes of the vectors are the same
in the (x, y, z) directions. Therefore, the diameter of
the ring formed by the loose surrounding rock is
calculated to be approximately 130 mm. However,
the damage at the bottom left corner of the adit is
observed to be quite severe.

FIGURE 6
Observation images taken inside the borehole.
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Analysis of the strain of the segment support by electric signal. Design of the simulated
segment. In our model, a PVC-U tube was used to
simulate the real segment support. The outer diameter and wall thickness of the tube were 630 mm and
19.3 mm, respectively. The tube was first cut into
pieces with length of 200 mm, and each piece was
further cut into six fragments along the axial direction. By drilling both ends of each fragment and
connecting them by using iron shards and screws,
we formed a simulated segment support as shown
in Figure 7(a).
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Simulated segment strain monitoring system. Strain gauges were attached to the six fragments of the segment along different directions.
The strain gauges with an odd number were attached circumferentially, while the ones with an
even number were attached axially. The attachment
was located at the center of each fragment. A
DH3818 static strain test and analysis system were
used to record the stress–strain relationship of the
segment during the experiment. Figure 7 shows the
actual DH3818 static strain test and analysis system.

FIGURE 7
Static strain test analysis system.
(a) Design of simulated segment, (b) Image of static strain test analysis system.

FIGURE 8
Microstrain of the segment caused by the disturbance from the excavation.
(a) Microstrains during the first and second excavation periods, (b) Microstrains during the second and third excavation
periods, (c) Microstrains during the third and fourth excavation periods, (d) Microstrains during the fourth and fifth excavation periods.
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The deformation data of the segment were
measured and plotted as the excavation progressed
along the adit. By comparing the deformation magnitude of the segment during each excavation
through the adit, we can analyze the relative change
in the deformation of the segment support during
the tunnel excavation.
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thus yielding minimal deformation. The relative
changes in the microstrains recorded by the 12
groups of strain gauges on the segment follow the
same distribution trend with the stress condition of
the surrounding rock near the segment.
Deformation characteristics of local special
points in the segment. Deformation characteristics of local special points in the segment. By
observing and comparing the deformation characteristics of certain special locations in the surrounding rock near the segment support, we can design a
better support plan for the maximum stress location
in the surrounding rock. After the five rounds of
excavation, all five sets of segments were monitored separately. As shown in Figure 9, the evolution of the deformation at the location monitored by
strain gauge 1 of all five groups of segments can be
divided into three stages: microstrain growth, microstrain growth slowdown, and microstrain stabilization. For all five groups, the maximum deformation always occurred adjacent to strain gauge 1.
Therefore, the location of strain gauge 1 was selected as the local special point for performing the
comprehensive analysis for all five groups of segments.
The maximum deformation at the location
monitored by strain gauge 1 in the first segment
JURXS ZDV  İV 7KLV YDOXH FRQWLQXHG WR Gecrease from segment group 2 to 5. In other words,
the deformation of the surrounding rock reduced as
it was closer to the excavation working plane of the
adit. This feature demonstrates that the deformation
of the segment is strongly affected by time.

Collecting the strain data of the simulated
segment. We analyzed the deformation data of the
segment collected by the DH3818 static strain test
analysis system. The segment supports were installed in the tunnel after excavation of 200 mm.
The readings of all 12 strain gauges installed on the
segment near the heading face of the adit were
recorded for each measurement iteration.
As shown in Figure 8, the change in the microstrain can be divided into two stages. The first
stage corresponds to the growing period of the
microstrain, and the second stage corresponds to the
stabilizing period of the microstrain. Owing to the
reorganization of the surrounding rock structure and
stress reconstruction, a rapid microstrain increasing
zone will occur in the microstrain growth stage,
while rapid microstrain increasing and decreasing
zones will occur in the microstrain stabilization
stage.
By comparing the relative deformation recorded during the five rounds of excavation, it was
found that the deformation of the segment continues to increase over time, thus indicating an increasing impact from the stress of the surrounding
rock on the segment. As the excavation progresses
to a greater depth, we can obtain the relative deformation on the segment between the first and second
round of excavation from the difference between
the absolute deformation recorded during the adit
excavation. The measurements recorded by strain
gauges 1 and 2 increased over time. The maximum
deformation of the segment during the five rounds
of excavation occurred at the location where strain
gauges 1 and 2 were deployed, while the largest
UHODWLYHFKDQJHLQWKHPLFURVWUDLQ İV ZDV
between the first and second rounds of excavation.
The second largest deformation occurred at the
location where strain gauges 3 and 12 were deployed. The largest relative change in the correVSRQGLQJPLFURVWUDLQ İV RFFXUUHGEHWZHHQ
the second and third rounds of excavation. The
third, fourth, and fifth largest deformation occurred
at the locations where strain gauges 4 and 11, 1 and
10, and 9 and 6 were deployed, respectively. The
change in the displacements associated with these
six groups of strain gauges continued decreasing in
turn and in the same order. Such behavior is also
consistent with the stress characteristics of the segment. The minimum deformation occurred at the
location where strain gauges 7 and 8 were deployed. This result indicates that the surrounding
rock at the top of the segment was least stressed,

Stress characteristics of local special points
in the segment. The stress conditions of five
groups of statically placed segments were monitored after the excavation work was completed
through the adit. As shown in Figure 10(a), the
initial stress follows a symmetric distribution inside
the segment except for slightly larger stress at the
top and bottom locations. The radial stresses at the
top and bottom monitoring points were 1.26 MPa
and 1.11 MPa, respectively. These large stresses are
mainly induced by the self-weight of surrounding
rock.
As shown in Figure 10(b), the disturbance
from the excavation process through the adit causes
the surrounding rock to be compressed, thus yielding locally concentrated stress. Owing to such concentrated stress, the surrounding rock experienced
slip, dislocation, and dilatancy deformation along
the original or newly formed fracturing surface.
These behaviors reconstructed the stress distribution in the segment and developed concentrated
stress in the top right region of the segment. At the
same time, the surrounding rocks to the left and
bottom of the segment collapsed or were destroyed,
accompanied by a release of a large amount of
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deformation energy. The stress release in some
local regions resulted in the stress being reequilibrated and reconstructed in the system.
As shown in Figure 10(c), the continuous excavation at the adit causes the surrounding rock to
be deformed and destructed accompanied by the
reconstruction of the stress on the segment support.
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The original symmetric stress characteristics of the
segment were gradually transformed into an asymmetric stress effect. The maximum stress gradually
shifted from the vertical direction to an inclined
direction at an angle of 30° to the horizontal direction with a magnitude of 1.88 MPa.

FIGURE 9
Relative change in the deformation of strain gauge at position 1#.

FIGURE 10
Stress analysis of the segment.
(a) Initial stress condition of the segment, (b) Reconstructed stress condition of the segment, (c) Asymmetric stress condition
of the segment, (d) Final stress condition of the segment.
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As shown in Figure 10(d), the deformation of
the surrounding rock gradually transforms from the
deformation growth stage to the deformation stabilization stage after the excavation is completed. The
maximum stress taken by the segment also transitioned from a highly asymmetric state to a relatively uniform condition. However, the maximum
stress applied on the rock increased substantially
for 0.98 MPa, and reached 2.24 MPa.
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CONCLUSIONS
The statistical analysis of the AE signal revealed a large difference in the deformation trend of
the surrounding rock during different stages. In
particular, the deformation of the surrounding rock
and expansion of the fissure can be divided into
four stages including the initial stage, excavation
stress rebalance stage, fissure growth stage, and
fissure penetrating stage. These features demonstrate that the evolution of the deformation near the
adit is nonhomogeneous throughout the surrounding rock during the TMB construction process.
By analyzing the infrared thermal images and
comparing them with the optical images, we found
severe deformation of the segments during the
excavation of the adit and the formation of a loose
ring by the surrounding rock near adit. The diameter of the loose rock ring was approximately 1300
mm, corresponding to a diameter of 1.3 m in the
original adit prototype. The bottom left corner of
the adit was destroyed severely.
By observing the internal space of the surrounding rock through a borehole, we identified six
types of deformation damage including oblique
fracture, lateral fracture, shear fracture, hole wall
expansion, disintegration, and section deformation.
There are mainly two stages involved in the
change of the microstrain of the segment. The first
stage corresponds to the growing period of the
microstrain, and the second corresponds to a stabilizing period of the microstrain. Owing to the reorganization of the surrounding rock structure and
stress reconstruction, a rapid microstrain increasing
zone will occur in the microstrain growth stage,
while rapid microstrain increasing and decreasing
zones occur in the microstrain stabilization stage.
The stress distribution inside the segment gradually
transformed from the inherent symmetric characteristic to an asymmetric characteristic. The maximum
stress also gradually shifted from the vertical direction to an inclined direction at an angle of 30° to the
horizontal direction with a magnitude of 1.88 MPa.
Finally, after the adit construction was completed,
the stress taken by the segment gradually transitioned from a highly asymmetric state to a relatively uniform condition, accompanied by a significant
increase in the magnitude of the stress.
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ABSTRACT

INTRODUCTION

Engineering geological disasters such as borehole instability during the development of loose
sandstone oil and gas reservoirs will damage the development environment of underground reservoirs.
The current analysis of the mechanism of borehole
collapse and instability of loose sandstone oil and
gas reservoirs is still incomplete. For this reason, a
fluid-solid coupling finite element model for studying the risk of wellbore collapse was constructed
based on the stress sensitivity model of the physical
parameters of the loose sandstone reservoir, and the
influence of the difference in inclination angle and
in-situ stress on wellbore stability was carried out.
The results of the study found that the borehole expansion rate when considering the stress sensitivity
of the loose sandstone reservoir is 3.24 times that of
the borehole expansion rate when the stress sensitivity is not considered. In addition, with the increase
of the inclination angle, the borehole expansion rate
will gradually decrease, and the damage to the development environment of the reservoir around the well
by drilling operations will correspondingly weaken.
Under the same drilling conditions, the expansion
rate of vertical wells is 4.44 times that of horizontal
wells. In addition, during the drilling of loose sandstone oil and gas reservoirs, the borehole yield collapse will increase nonlinearly as the in-situ stress
difference increases. The borehole expansion rate is
282.54% when the in-situ stress difference coefficient is equal to 1.23, but when the in-situ stress difference coefficient becomes 1.50, the borehole expansion rate rapidly increases to 423.73%. The research results can provide technical support for drilling and completion operations of loose sandstone oil
and gas reservoirs and provide design basis for
avoiding the protection of the underground development environment of loose sandstone oil and gas
reservoirs.

Exploration results show that loose sandstone
oil and gas reservoirs are widely distributed in
China. These reservoirs have huge reserves and good
physical properties, and their effective development
can contribute to solving the energy shortage in
China [1-3]. Nevertheless, loose sandstone oil and
gas reservoirs usually have low strength, weak cementation, and extremely strong plasticity [4], leading to wellbore collapse and instability during development [5-6] and other engineering geological problems [7-9]. The safe and efficient development of
loose sandstone oil and gas reservoirs poses a great
threat. In addition, loose sandstone oil and gas reservoirs are widely distributed in the sea, and the occurrence of geological disasters during the development
process will affect the marine environment and marine life. Therefore, it is of great significance to carry
out analysis and research on wellbore collapse and
instability and its disaster mechanism during the development of loose sandstone reservoirs.
In recent years, domestic and foreign research
on engineering geological hazards during the development of unconsolidated sandstone reservoirs have
made certain progress. Song et al. [5, 10] studied the
influencing factors of the borehole stability of the
loose sandstone reservoir based on the uniaxial compression mechanics experiment of the loose sandstone and the wellbore stability finite element analysis model, and compared it with the wellbore stability of conventional sandstone reservoir drilling and
found that the collapse and instability of the borehole
wall of the layer drilling in the loose sandstone reservoir is particularly serious. Based on the experimental results of the triaxial mechanical properties
of the loose sandstone and the finite element analysis
model, Deng et al. [7, 11-12] explored the sand production situation during the development operation
of the loose sandstone. The analysis results showed
that the loose sandstone oil and gas reservoir development process will have relatively severe sand production around the well. Jin et al. [8] carried out the
damage and destruction of the formation around the

KEYWORDS:
Loose sandstone, oil and gas well, stress sensitivity, wellbore stability, development environment
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well in the water injection process of the loose sandstone reservoir, and verified the conclusion that the
formation around the well is easily damaged during
the development of the loose sandstone reservoirs. In
spite of this, there are still a series of problems in the
current related research, mainly as follows: (1) The
related research lacks in-depth analysis of the physical parameter evolution characteristics and disastercausing mechanism of the zone around the well during the development process [13-15]; (2) The physical parameters of loose sandstone oil and gas reservoirs have strong stress sensitivity, and the current
analysis and research on borehole instability during
drilling of loose sandstone oil and gas reservoirs
have not considered the stress sensitivity characteristics of the physical parameters of the reservoir [1617], which may cause distortion of the collapse and
instability simulation results, affecting the design of
drilling engineering.
In this study, we established a fluid-solid coupling analysis mathematical model for borehole collapse and instability considering the stress sensitivity
of the physical parameters of loose sandstone reservoirs, and discussed the evolution of physical parameters around the well during drilling of loose sandstone reservoirs. We compared the difference in
wellbore stability when considering and ignoring the
stress sensitivity of reservoir physical parameters.
Finally, the influence of different factors on the borehole collapse of loose sandstone oil and gas reservoirs is studied to provide reference and basis for
drilling engineering design of loose sandstone oil
and gas reservoirs.

vdim

K dim

Eini

vini

-0.0002  V 2  0.0139  V  0.9697

K exp
K ini

0.0009  V 2  0.0495  V  0.9745

(3)
In the formula, Kdim, Kexp and Kini are dimensionless absolute permeability, absolute permeabilLW\XQGHUHIIHFWLYHVWUHVVıDQGLQLWLDODEVROXWHSHU
meability, mD.
Finally, related studies have found that the dimensionless porosity of unconsolidated sandstone
oil reservoirs will decrease in the form of an exponential function with the increase of effective stress,
which can be expressed in the form shown in equation (4).

Mdim

Mexp
Mini

0.978e0.041V

(4)

In the formula, ĳdim, ĳexp and ĳini are dimensionless porosiW\SRURVLW\XQGHUHIIHFWLYHVWUHVVıDQG
initial porosity, respectively.
In addition, the cohesive force of the loose
sandstone reservoir will also change with the effective stress. Although this experiment does not provide the relationship equation with the effective
stress, it can be expressed as a function of the porosity shown in equation (5) [11-13]:
(5)
C Cini  1  1.2 M  Mini

Stress sensitivity model of physical parameters. The stress sensitivity model of the physical parameters of loose sandstone reservoirs was obtained
from previous experiments [11, 18]. Stress sensitivity experiments of loose sandstone sediments in the
Bohai Sea indicate that the elastic modulus of sediments will increase with the increase of effective
stress. The relationship between dimensionless elastic modulus and effective stress can be expressed as:

Eexp

vexp

(2)
In the formula, vdim, vexp and vini are dimensionless Poisson's ratio, Poisson's ratio under effective
VWUHVVıDQGLQLWLDO3RLVVRQ VUDWLRUHVSHFWLYHO\
In addition, studies have found that the dimensionless permeability of loose sandstone will decrease in the form of a quadratic function with the
increase of effective stress [20], which can be expressed as:
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In the formula, Cini and C are the initial cohesive force and the cohesive force under the effective
stress ı, MPa. From equation (5), it can be seen that
the effective stress of the reservoir framework will
increase with the progress of the development work,
resulting in the compression of the pore space and
the increase of cohesion.
In addition, the relationship equation between
the internal friction angle and cohesion of the loose
sandstone formation [21] can be expressed by equation (6).

-0.0005  V 2  0.0263  V  1.0202

(1)
In the formula, ı is the effective stress, MPa;
Edim, Eexp, and Eini are the dimensionless elastic modulus, the elastic modulus under the effective stress ı,
and the initial elastic modulus, respectively.
Similarly, the study also shows that the Poisson's ratio of loose sandstone sediments will increase
with the effective stress [19], and the relationship between the dimensionless Poisson's ratio and the effective stress can be expressed in the form shown in
equation (2).

(6)
Geometry model, loads and boundary conditions. Before carrying out numerical simulation experiment analysis of wellbore collapse and instability for drilling operations in loose sandstone oil and
gas reservoirs, the following assumptions were
made: (1) The seepage of the loose sandstone oil and

11722

© by PSP

Volume 29 – No. 12A/2020 pages 11721-11729

gas reservoir fluid satisfies Darcy’s law; (2) The bottom hole pressure remains constant throughout the
drilling process. It is not affected by drilling fluid invasion and gas invasion; (3) The force and deformation of the stratum near the well and around the
well follow the small deformation theory of solid
mechanics.
Taking a loose sandstone reservoir in an oil
field in the Bohai Sea as an example, the ABAQUS
finite element platform was used to analyze the response evolution characteristics of physical parameters in the area around the well during vertical well
drilling. Figure 1 shows the fluid-solid coupling
analysis simulation model of borehole stability used
in this paper. As shown in Figure 1, the average water depth of the study area is 40m, the reservoir depth
is 1200m, and the model and borehole radius are
50m and 0.25m, respectively. When the model is
meshed, a single-precision layout method is used in
the radial direction to make the grid cell size near the
borehole 5 times the size of the grid cell at the outer
boundary. A total of 80 cells are arranged uniformly
in the circumferential direction. The model finally
contains 6000 CPE4P type fluid-solid coupling analysis units, which can simultaneously realize the analysis and simulation of drilling fluid invasion and formation force deformation around the well.
During the simulation process, a load equal to
the drilling fluid pressure and pore pressure boundary conditions are applied to the wellbore. In addition to the maximum and minimum horizontal principal stresses at the outer boundary, a pore pressure

Fresenius Environmental Bulletin

boundary condition equal to the initial pore pressure
must be applied. In addition, initial conditions such
as initial pore pressure, initial ground stress and initial fluid saturation must be assigned in the model.
The basic data required for each simulation is shown
in Table 1. In the simulation process, two analysis
steps of in-situ stress balance and soil type drilling
operations are set up, and the duration is 1s and 1
day, respectively.
Implementation method of stress sensitivity
model. It can be seen from equations (1) to (5) that
the elastic modulus, Poisson's ratio, permeability,
and porosity are all functions of effective stress,
while cohesion is a function of porosity. This research is based on the ABAQUS finite element platform and uses the Fortran language to realize the
real-time update of the physical parameters of the
formation near the wellbore by writing the USDFLD
subroutine. In order to achieve this function, the
USDFLD subroutine is written to set two field variables representing effective stress and porosity, and
four state variables representing elastic modulus,
Poisson's ratio, cohesion, permeability, and porosity,
respectively. The realization mechanism and process
of USDFLD subroutine is shown in Figure 2, which
is specifically:
(1) Obtain the effective stress and porosity of
any element in the model at any time.
(2) Real-time traversal and update of material
property parameters based on effective stress and
porosity.

FIGURE 1
Numerical simulation model position (left) and geometric model (right)
TABLE 1
Basic simulation data
Parameters
Initial pore pressure
Vertical principal stress
Minimum horizontal principal stress
Maximum horizontal principal stress
Initial porosity
Absolute permeability
Fluid saturation

Value
12.40
16.60
11.50
14.20
30
25
100

Unit
MPa
MPa
MPa
MPa
%
mD
%

Parameters
Elastic Modulus
Cohesion
Internal friction angle
Poisson's ratio
Drilling time
Bottom hole pressure
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Value
4.0
1.20
30
0.28
12
13.64

Unit
GPa
MPa
°
h
MPa
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FIGURE 2
The realization process of USDFLD subroutine used to update material parameters

FIGURE 3
Cloud map of yield instability area around the well with and without stress sensitivity
Notes: (a) Stress sensitivity is considered, (b) Stress sensitivity is not considered

(3) Coupling simulation of seepage and deformation of rock around the well using the updated
material property parameters.
(4) Update the state variables representing each
physical parameter based on the simulation results.
(5) If the simulation is over, stop the simulation
and output the result. If the simulation is not over,
enter the next time increment step and repeat the operations (1) ~ (4) until the end.

order to illustrate the necessity of considering the
stress sensitivity of physical parameters in the process of borehole stability simulation of unconsolidated sandstone oil and gas reservoir drilling, Figure
3 shows the equivalent plasticity of the zone around
the well when the stress sensitivity of the physical
parameters of the reservoir is considered (Figure 3a)
and not considered (Figure 3b). Strain (PEEQ) represents the cloud map of the yield area distribution.
In Figure 3, the larger the equivalent plastic strain is,
the more serious the yield instability of the formation
around the well is.
The analysis of Figure 3 shows that the stresssensitive yield area is an ellipse closed around the
wellbore regardless of whether the physical parameters of the reservoir are considered, and the major
axis of the yield ellipse is along the direction of the
minimum principal stress. The yield area around the
well is obviously larger than the yield area around

RESULTS
The effect of stress sensitivity on borehole
collapse. The stress sensitivity of oil and gas reservoir physical parameters will affect the distribution
of physical parameters around the well, which in turn
will affect the simulation results of engineering geological problems such as wellbore stability [22]. In
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the well when the stress sensitivity is not considered.
In order to quantitatively describe the stability of the
borehole, the borehole expansion rate under different
conditions is obtained based on the Python language
programming post-processing, and the borehole exSDQVLRQUDWHȘLVGHILQHGDV>@

K

Acolla
u 100%
Aboreh
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The influence of borehole inclination. In order to study the influence of inclination angle on
wellbore stability during drilling of loose sandstone
oil and gas reservoirs, it can be realized by in-situ
stress coordinate transformation based on the finite
element model shown in Fig. 1 [12, 24]. Figure 4
shows the Excel implementation method for in-situ
stress coordinate transformation.
Figure 5 shows the cloud diagram of the yield
instability in the vicinity of the well when the inclination angles are 0°, 30°, 60° and 90°, respectively,
considering the stress sensitivity of the loose sandstone reservoir.
It can be seen from Figure 5 that as the inclination angle increases, the wellbore collapse area gradually decreases, but the degree of wellbore collapse
gradually increases. When the inclination angle is 0°,
the long axis of the yield collapse ellipse around the
well is consistent with the minimum horizontal principal stress direction (i.e., the X axis direction), and
the maximum equivalent plastic strain PEEQ value
is 0.125. Moreover, the yield ellipse around the well
at this time can be closed around the wellbore. However, when the inclination angle is 90° (horizontal
well at this time), the long axis of the yield ellipse
around the well has shifted to the Y-axis direction,
which is consistent with the vertical principal stress
direction. Moreover, the yield ellipse cannot be
closed around the borehole when the inclination angle is 90°. This is mainly because the in-situ stress in
the plane strain model gradually changes from the
maximum horizontal principal stress and the minimum horizontal principal stress to the maximum
horizontal principal stress and the vertical principal
stress as the inclination angle increases [21].

(7)

In the formula, Acolla and Aboreh are the yield area
and the initial cross-sectional area of the borehole,
m2.
The calculation found that the borehole expansion rate was 282.52% when the stress sensitivity of
the physical property parameters was considered,
and when the stress sensitivity was not considered,
the borehole expansion rate was only 87.21%, which
was 30.87% of the borehole expansion rate when the
stress sensitivity was considered. When considering
the stress sensitivity of the physical parameters, the
yield of the yield area around the well is also significantly stronger than that without considering the
stress sensitivity of the physical parameters. When
the stress sensitivity is considered, the maximum
equivalent plastic strain of the formation around the
well is 0.125, while the maximum equivalent plastic
strain of the formation around the well is only 0.084
when ignoring the stress sensitivity of the reservoir
physical parameters, which is 32.80% lower than the
former. All these indicate that ignoring the stress
sensitivity of the physical parameters of loose sandstone reservoirs will weaken the instability of the
wellbore, which is not conducive to the prediction
and prevention of wellbore stability. Therefore, considering the stress sensitivity of the physical parameters of loose sandstone reservoirs is very important
for the simulation analysis of development-related
engineering geomechanics problems.

FIGURE 4
Coordinate transformation method
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FIGURE 5
Cloud diagram of yield and collapse around the well under different well inclination angles
Notes: (a) inclination angle 0°, (b) inclination angle 30°, (c) inclination angle 60°, (d) inclination angle 90°.

FIGURE 6
Bore expansion rate under different well inclination angles
TABLE 2
In-situ stress under different in-situ stress difference coefficients
In-situ stress difference
coefficient
1.23
1.3
1.4
1.5

Maximum horizontal
principal stress /MPa
14.20
14.95
16.10
17.25

Minimum horizontal
principal stress /MPa
11.50
11.50
11.50
11.50

FIGURE 7
Bore expansion rate under different in-situ stress difference coefficients
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However, in order to quantify the influence of
the well inclination angle on the borehole collapse
during the drilling of loose sandstone reservoirs, Figure 6 shows the distribution of the borehole expansion rate at different well inclination angles. It can
be seen from Figure 6 that as the inclination angle
increases, the borehole expansion rate gradually decreases, that is, the risk of borehole collapse and instability will be significantly reduced. When the inclination angle is 0°, the borehole expansion rate is
282.52%. However, when the borehole expansion
rate increases to 30°, 60°, and 90°, respectively, the
borehole expansion rate in the loose sandstone reservoir becomes 193.54%, 141.81%, and 64.31%, respectively. This is mainly due to the fact that the difference between the two principal stresses in the
plane strain model gradually decreases with the increase of the inclination angle, which leads to a
smaller yield area around the borehole and a lower
risk of wellbore collapse and instability [20, 25-26].

Fresenius Environmental Bulletin

nonlinear with the increase of the in-situ stress difference coefficient. Therefore, it can be foreseen that
the collapse and instability of the wellbore will cause
catastrophic wellbore damage within the allowable
range as the in-situ stress difference continues to
increase.

CONCLUSIONS
(1) Considering the stress sensitivity of loose
sandstone oil and gas reservoirs will have a significant impact on wellbore stability and development
environment around the well. Under the research
conditions, when considering the stress sensitivity of
the physical parameters of the loose sandstone reservoir, the borehole expansion rate is 282.52%, and the
drilling operation has severely damaged the development environment around the well. However, the
borehole expansion rate is only 87.21%when the
stress sensitivity is not considered. At this time, the
damage of drilling operations to the development environment around the well is relatively weak. The research results show that ignoring the stress sensitivity of the physical parameters of loose sandstone reservoirs will seriously underestimate the wellbore
collapse and instability of drilling, which is not conducive to the simulation of wellbore collapse and instability and the engineering protection of the development environment around the well.
(2) The inclination angle will affect the stability
of the wellbore and the development environment
around the wellbore. The collapse and instability of
the wellbore will gradually decrease with the increase in the inclination angle, and the expansion
rate of the wellbore will gradually decrease accordingly. The borehole expansion rate is 282.54% when
the inclination angle is 0°. However, the borehole
expansion rate decreases to 64.31% when the inclination angle increases to 90°. This is mainly because
the difference in in-situ stress distribution around the
well will weaken as the inclination angle increases.
(3) In the process of drilling loose sandstone oil
and gas reservoirs, wellbore stability will deteriorate
nonlinearly as the in-situ stress difference increases,
and the damage to the development environment
around the well will also increase. The wellbore expansion rate is 282.54% when the in-situ stress difference coefficient is 1.23, but the wellbore expansion rate increases rapidly to 423.73% when the insitu stress difference coefficient becomes 1.50. This
is mainly due to the significant stress concentration
around the well under the higher in-situ stress
difference.

The influence of in-situ stress distribution.
The difference in in-situ stress will also affect the
stability of the wellbore during drilling in loose sandstone reservoirs. In order to study the influence of
the in-situ stress distribution on the stability of the
borehole wall, the in-situ stress difference is changed
by fixing the minimum horizontal principal stress
and changing the maximum horizontal principal
stress. At the same time, for the convenience of research, the in-situ stress difference coefficient is defined as the ratio of the maximum horizontal principal stress to the minimum horizontal principal stress.
Table 2 shows the distribution of the maximum horizontal principal stress and the minimum horizontal
principal stress under different in-situ stress difference coefficients.
Figure 7 shows the borehole expansion rate under different in-situ stress distribution conditions. On
the one hand, it can be seen from Figure 7 that as the
in-situ stress difference increases, the yield collapse
area near the well around the well gradually increases. When the in-situ stress difference coefficient is 1.23, the borehole expansion rate is only
282.52%. However, with the increase of the maximum horizontal principal stress, when the local insitu stress difference coefficient increases to 1.50
(that is, the maximum horizontal principal stress is
17.25MPa), the borehole expansion rate has become
423.73%. This means that when the in-situ stress difference coefficient is 1.50, the area around the well
with the size of 4.23 boreholes will collapse. This is
mainly because with the increase of the in-situ stress
difference, the stress concentration of the formation
around the well becomes more and more obvious,
and the collapse and instability of the formation
around the well under the condition of more and
more significant stress concentration becomes more
and more obvious [27-29]. On the other hand, we can
see from Figure 7 that the borehole expansion rate is
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DETERMINATION OF REACTIONS OF SOME UPLAND
COTTON VARIETIES (GOSSYPIUM HIRSUTUM L.)
AGAINST VERTICILLIUM DAHLIAE KLEB
Oktay Erdogan
Department of Organic Farming Business Management, School of Applied Sciences,
University of Pamukkale, 20600, Civril, Denizli, Turkey

remaining seed after the ginning, the high protein in
the remaining pulp and the feed industry, while the
linters are used as raw materials in the production
of paper and gunpowder [2-4]. According to the
data of 2019 in the world, 34.7 million hectares of
cotton are cultivated in approximately 70 countries
and an average of 26.7 million tons of fiber cotton
is produced from these areas [5]. In Turkey, four
main regions (Southeastern Anatolia, Aegean,
Çukurova and Antalya) a total of 477 thousand
hectares of upland cotton cultivation and 2.2
million tons of seed cotton yield is produced. About
80% of world cotton production is carried out by
certain countries which Turkey is located [6].
One of the biotic factors affecting the yield
and quality factors in cotton is wilt disease caused
by V. dahliae Kleb. a soil-borne fungus [7]. Pathogen causes wilting in more than 400 plant species,
including cotton [8]. The fungus that causes the
disease can survive in the soil for up to 15 years as
microsclerots and wilt disease can cause significant
yield losses in cotton growing countries [9]. Verticillium wilt has been reported to cause an estimated
annual crop loss of 1.5 million bales worldwide
[10], approximately 148 thousand bales in the 2010
production season in the USA [11] and 480 million
bales in the USA between 1990 and 2014 years
[12].
Verticillium species enter the tissue gradually
from the root, settle in the wood pipes and begin to
develop here and cause clogging by settling in the
veins in the stem and causing chlorosis and necroses in the leaves at first, and then wilt forms thyllose
[13, 14]. The pathogen prevents the transfer of
water and other mineral substances from the root to
the leaves and tissues and then, starting from the
lower leaves, it causes wilt, drying and reduction of
photosynthesis, and changes in yield and fiber quality properties due to shedding in small bolls [15,
16]. V. dahliae Kleb. has two different pathotypes,
non-defoliating pathotype and defoliating pathotype. The defoliating pathotype is highly virulent,
causing the leaves to fall off completely and the
plant to die, while the non-defoliating pathotype is
moderately virulent and causes wilt and a small
amount of leaf fall [17, 18].

ABSTRACT
Verticillium wilt (Verticillium dahliae Kleb.)
is a major wilt pathogen impacting cotton farming
in Turkey. The most efficient and cost-effective
method of controlling the disease is the use of
resistant cotton varieties. The aim of the study was
to determine the reactions of new upland cotton
varieties (G. hirsutum L.) in Turkey against the
defoliating and non-defoliating pathotypes of V.
dahliae Kleb. randomized plot design with five
replications was set up in the growth chamber
conditions. A total of twenty upland cotton varieties
were used resistant-control Giza 75, tolerant-control
Carmen and susceptible-control Acala SJ2 varieties.
9DULHWLHV ZHUH VLJQLILFDQW DW 3  SUREDELOLW\
level for disease severity values in pot trial. Disease
severity values of the varieties were determined
higher in PHCVd47 isolate (defoliating pathotype)
than PHCVd3 isolate (non-defoliating pathotype).
None of the upland cotton varieties were found
resistant in the experiment. Using PHCVd3 and
PHCVd47 isolates of V. dahliae, resistant-control
Giza 75 variety (0.34-0.96) had the lowest disease
severity and followed by tolerant-control Carmen
variety (1.52), Harem 1 (1.54), Efe (1.56), Harem 2
(1.56), May 455 (1.58) and Lima (1.58) varieties in
PHCVd3 isolate; tolerant-control Carmen variety
(1.96), Harem 1 (2.00), Lima (2.04), Harem 2
(2.04) and Efe (2.04) varieties in PHCVd47 isolate.
The highest disease severity values against both
pathotypes were determined in the susceptiblecontrol Acala SJ2 variety (3.20-4.00).

KEYWORDS:
Cotton, Verticillium dahliae, defoliating pathotype, nondefoliating pathotype, disease severity, tolerant

INTRODUCTION
Cotton (Gossypium spp.) is an industrial crop
cultivated in tropical and subtropical regions around
the World [1]. Cotton is important not only for the
gin and textile industry, but for the production of
food and fuel with the crude oil obtained from the
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TABLE 1
Species and origins of cotton varieties in the experiment
Variety
ES1
ES2
SC 2079
SC 2009
Ergüven
Harem 1
Harem 2
Efe
Giza 75 (Resistant control)
Carmen (Tolerant control)
Acala SJ2 (Susceptible control)
Furkan
Lima
BA 440
Astoria
Lodos
DP 332
May 505
May 455
Fiona

Species
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. barbadense
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum

Defoliating and non-defoliating pathotypes have
been named T1 and SS4 pathotypes in the USA and
many parts of the world, respectively [19, 20].
Turkey has been reported that the two pathotypes
found. Of these isolates, 93% of the defoliating
isolates were obtained in the Aegean Region and
77% of the non-defoliating isolates were obtained
in Çukurova and Southeastern Anatolia Regions
[21].
Many studies have been conducted to control
Verticillium wilt in cotton. Some cultural control
procedures such as crop rotation, balanced fertilization, balanced irrigation and weed control are recommended in the control against the disease [13].
One of the most effective methods of controlling
wilt disease, which does not have an economic
chemical control is to use resistant varieties [2224]. While Gossypium barbadense L. one of the
two species cultivated in the world and used in
breeding studies is considered wilt resistant, Gossypium hirsutum L. is considered to be more susceptible to wilting [22, 25]. In this context, since the
varieties obtained in the crossbreeding studies
involving G. hirsutum L. lose their durability over
time, the resistant variety development studies
should be made continuous. Many studies to determine the sensitivity of cotton varieties in Turkey as
well as in the world wilt disease was conducted
[24-36]. The aim of the study was to determine the
reactions of new upland cotton varieties (G.
hirsutum L.) in Turkey against the defoliating and
non-defoliating pathotypes of V. dahliae Kleb.
under the growth chamber conditions.

Origin
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
EGYPT
AUSTRALIA
USA
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
USA
TURKEY
TURKEY
AUSTRALIA

MATERIALS AND METHODS
A total of twenty cotton varieties were used as
plant materials, including resistant-control Giza 75
[27], tolerant-control Carmen [37], and susceptiblecontrol Acala SJ2 varieties [38] and seventeen new
upland cotton varieties developed by the public
institutions and the private sector (Table 1). In
artificial inoculations, isolates the PHCVd3 (nondefoliating pathotype) and PHCVd47 (defoliating
pathotype-Mustafa Kemal University, Faculty of
Agriculture, Department of Plant Protection) of V.
dahliae, that were isolated from cotton and known
their virulence level were used in the study.
Both isolates were developed in Potato
Dextrose Agar (PDA-Difco) in a cooled incubator
(at 24 ± 1oC) for two weeks. Then, spores of both
isolates for the pathogen rapidly developed liquid
broth (0.01 g FeSO4.7H2O, 0.5 g MgSO4.7H2O, 2 g
NaNO3, 1 g K2HPO4, 0.5 g KCl, 7.5 g sucrose, 1 L
sterile distilled water) was prepared. The liquid
broth were autoclaved at 121°C for fifteen minutes
in flasks (1 L), and then allowed to cool to room
temperature. 0.5 mm agar discs were taken from
14-day old both isolates previously developed in
the PDA medium, and transferred to the liquid
broth as one piece per 100 mL and liquid broth
were obtained by mixing in a shaker for fourteen
days.
A mixture soil, sand and peat (v/v; 1:1:1) was
sterilized in an autoclave at 121°C for one hour,
filled with plastic pots (5 cm in diameter) and four
seeds were sown in each pot. After emergence,
seedlings were thinned to one plant per pot. Plants
were grown in a growth chamber (under 12 hrs
light/12 hrs dark cycle at 24 ± 1oC).
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TABLE 2
0-5 Wilt Scale [40]
Scale value
0
1
2
3
4
5

Disease symptoms
No symptoms
Chlorosis in lower leaves
Moderate (30-50% of leaves) wilt with severe chlorosis
Moderate wilt and necrosis
Severe (more than 50% of leaves) wilt and necrosis
Dead plant

TABLE 3
The average values of disease severity for cotton varieties
PHCVd3
PHCVd47 isolate
Variety

Variety
Acala SJ21
3.20 a
Acala SJ21
4.00 a
Fiona
1.90 b
Fiona
2.50 b
Furkan
1.84 bc
Furkan
2.28 c
BA 440
1.78 cd
Astoria
2.20 cd
Lodos
1.78 cd
BA 440
2.20 cd
Astoria
1.77 cd
Lodos
2.18 cde
DP 332
1.75 cd
DP 332
2.16 cde
ES1
1.74 cd
Ergüven
2.12 def
ES2
1.73 cde
ES1
2.12 def
May 505
1.70 de
ES2
2.12 def
Ergüven
1.69 def
SC 2009
2.12 def
SC 2009
1.67 defg
May 505
2.10 defg
SC 2079
1.62 efgh
May 455
2,08 defg
Lima
1.58 fgh
SC 2079
2.08 defg
May 455
1.58 fgh
Efe
2.04 efg
Harem 2
1.56 gh
Harem 2
2.04 efg
Efe
1.56 gh
Lima
2.04 efg
Harem 1
1.54 h
Harem 1
2.00 fg
1.52 h
Carmen2
1.96 g
Carmen2
3
Giza 75
Õ
Giza 753
0.96 h
Mean
1.69
Mean
2.17
*
Fcultivar
*
Fcultivar
5.39
CV (%)
5.41
CV(%)
1Susceptible-control, 2Tolerant-control, 3Resistant-control, *Different letters between cultivars denote significant differences
(LSD test, 3

The reactions of upland cotton varieties to both
pathotype was determined with conidial suspension
technique in pot trials [38]. After a certain amount
of water was added to the both isolates, conidia was
transferred to the water from the agar surface with a
sterile spatula and spore suspension in the flask was
filtered with a-double layer of cheesecloth to
remove the mycelium and agar particles. When
seedlings were at the 4–6 true leaf stage, root
inoculation was made by pouring 5 mL of a 4 × 106
conidia mL-1 suspension on the bottom parts of
each pot. Control plants were treated similarly with
sterile distilled water. The pot experiment was carried out in a randomized plot design with five replications in the growth chamber (under 12 hrs
light/12 hrs dark cycle at 24 ± 1oC). Assessment of
the leaf severity of wilt symptoms was done nearly
3-5 weeks after inoculation. A wilt scale of 0 to 5
was used according to the percentage of foliage
affected by chlorotic, necrotic and wilt symptoms
and/or defoliation (Table 2). Disease Severity Index
(DSI) value was calculated using the formula and
data obtained from the experiment were subjected

to Arcsin for transformation [39].
DSI=[(a×0)+(b×1)+(c×2)+(d×3)+(e×4)+(f×5)]/M
(1)
where a, b, c, d, e and f refer to the plant
number with degree 0, 1, 2, 3, 4 and 5, respectively.
M refers to total plant number.
Statistical analysis. All data obtained in the
experiments were analysed statistically by using
JMP statistical software program (5.0.1, SAS
Institute, Cary, NC) for analysis of variance and
means were compared using Fisher’s protected least
significance difference (LSD) test at 5% probability
level [41].

RESULTS AND DISCUSSION
The mean disease severity values obtained
from the pot trial of the cotton varieties were given
in Table 3. The difference between the varieties
ZDVIRXQGWREHVLJQLILFDQW 3 in the pot trial.
The mean disease severity values of the PHCVd47
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(defoliating pathotype) isolate in the leaves were
found to be higher than those of the PHCVd3 (nondefoliating pathotype) isolate. Using PHCVd3
isolates, resistant-control Giza 75 variety (0.34) had
the lowest disease severity value, and followed by
tolerant-control Carmen variety (1.52), Harem 1
(1.54), Efe (1.56), Harem 2 (1.56), May 455 (1.58)
and Lima (1.58) varieties. The average highest
disease severity value was found in the susceptiblecontrol Acala SJ2 variety (3.20). The average
values of disease severity in other varieties were
found between 1.62-1.90. The average lowest
disease severity value in the PHCVd47 isolate was
found again in resistant-control Giza 75 variety
(0.96), followed by tolerant-control Carmen variety
(1.96), Harem 1 (2.00), Lima (2.04), Harem 2
(2.04) and Efe (2.04) varieties. The average highest
disease severity value was determined again in the
susceptible-control Acala SJ2 variety (4.00). The
average values of disease severity in other varieties
were found between 2.08-2.50 (Table 3).
Researchers of the study interpreted this
situation with high virulence, the lack of resistant
cultivars, fast progression of the infection and the
plant’s losing its leaves that did not have any
symptoms in a very fast way after the infection [13,
42, 43, 44, 45]. Researchers reported that varieties
in the growth chamber are very sensitive to the
defoliating pathotype and Carmen variety shows
different levels of resistance to both pathotypes [30,
33, 34, 35, 36]. In a study conducted with five cotton genotypes (G. hirsutum) in greenhouse conditions, it was reported that cotton genotypes show
different degrees of susceptiblity to Verticillium
wilt [46]. In Turkey, twenty-eight commercial varieties against the wilt disease study was conducted
to determine their resistance, all varieties were
found to be moderately susceptible or susceptible
[30]. In the study conducted to determine the susceptibility of ten different cotton varieties against
Verticillium wilt, they reported that Teks, Golda
DQG&DUPHQYDULHWLHVDUHWROHUDQW0DUDú6D\DU
314 and St-453 varieties are susceptible [47]. In a
study determining the susceptibility of some cotton
varieties to defoliating and non-defoliating
pathotypes, reported that the lowest disease severity
against both pathotypes was detected in resistant
control Giza 45 followed by Julia, St-373,
Fibermax 819 and Gloria [48]. In a study
examining the susceptibility of some cotton
varieties to the defoliating (PYDV6 isolate) and
non-defoliating (Vd11 isolate) pathotypes, Giza 45
resistant, Carmen tolerant, Çukurova 1518 and
Acala SJ2 varieties were determined as susceptible
[38]. In another study conducted under greenhouse
conditions, Carmen (10.7%) and Candia (10.9%)
varieties were reported as tolerant, PG2018 (45.0%)
was reported as susceptible [49]. Göre et al. [34]
conducted a study to determine the reactions of ten
genotypes of different Gossypium spp. against both
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pathotypes of the pathogen in the growth chamber
and determined that the lowest disease severity
values were in Maydos Yerlisi (G. herbaceum L.)
and Carmen gave values that were similar to this.
Çelik et al. [35] reported that Giza 75 variety is
resistant, Carmen tolerant, Çukurova and Beren
varieties are susceptible to defoliating and nondefoliating pathotypes, Gaia is tolerant against nondefoliating pathotype and Famosa is against defoliating pathotype. In the study conducted to determine the relationship between gossypol level in
cotton varieties and Verticillium wilt, the lowest
disease severity value was found in the resistantcontrol Giza 45 variety containing high gossypol,
while the highest disease severity value was determined in the Gossypolsüz Nazilli variety and the
susceptible-control Çukurova 1518 variety with low
gossypol against the defoliating and non-defoliating
pathotypes [50].

CONCLUSIONS
Verticillium wilt is a common disease in cotton farming and causes economic loss. In recent
years, seen the factors of defoliating and nondefoliating pathotypes in Turkey. One of the most
effective methods of control against Verticillium
wilt is using resistant varieties. Therefore, it is of
great importance to determine the reactions of
widely cultivated varieties against two pathotypes
of the wilt disease. Since the upland cotton varieties
used belong to the G. hirsutum species, no varieties
of resistant has been found in the study. While the
disease severity values of the varieties were found
in different levels in both pathotypes, higher disease
severity values were found in the defoliating pathotype. “Harem 1”, “Harem 2”, “Lima” and “Efe”
varieties found to be tolerant against both
pathotypes were found promising in the disease
tests. However, with the same varieties, a separate
test should be established in the field that is naturally infested with the wilt disease and the varieties
should be tested for wilt disease and seed cotton
yield. These results suggest that “Harem 1”,
“Harem 2”, “Lima” and “Efe” can be used in cotton
breeding programs to develop resistant varieties to
V. dahliae.
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ABSTRACT

INTRODUCTION

The present study aimed to compare impact of
various methods of raising protocols on some traits
of Pekin ducks under hot climate conditions. A total
number of 250, one day old Pekin ducks, were
weighed and randomly divided into three experimental groups; the first group (G1) was reared indoor and fed a commercial diet only, the second (G2)
was reared indoor and fed the commercial diet with
grass, and the third group (G3) was fed on commercial diet with outdoor grass feeding i.e. free range
system. Live body weight, weight gain, growth rate,
consumption, feed conversion, carcass traits, mortality rate and defects were recorded. Sexual dimorphism was calculated for live body weight and carcass traits. Our results indicate that G3 ducks had
significantly heavier live body weight at 1and 5 wks
of age compared to other two groups. Feed conversion ratio was better in G3 (1.80) followed by G1
(1.93) and then G2 (2.01) from 1-6 weeks of age. Females had significantly higher relative edible meat
parts compared to males. G2 had significantly lower
sexual dimorphism for live body weight, dressed carcass, giblets and edible meat parts compared to other
groups. The G3 show better productive and economic efficiency than other raising systems. Finally,
we conclude that the third group (G3) that fed on
commercial diet with outdoor feeding of ducks on
grass or free range system could be applied as practical and beneficial protocol, in terms of better live
body weight, feed consumption, feed conversion ratio, lowest feed cost and better economic efficiency
compared to other studied groups. In addition, it may
be a potential for improving the welfare of duck
flocks.

Ducks live Comfortable below a wide scope of
atmospheric conditions and they are free from common poultry diseases, for example infectious bronchitis, Marek's disease, leucosis, and other respiratory troubles [1].
In the last years, more attention in a lot of countries is focused on increasing commercial meat production of duck because ducks are considered the
second common strains of poultry in the world. Several investigations have reported useful impacts of
providing access to water for ducks, because it enhanced the health state and was seen to advantage
feather cleanliness, eye and foot pad state [2]. Other
studies have indicated the rise in meat yield of ducks
allowable to access a free-range system and water
[3].
Commercial meat ducks are also reared in indoor or out of doors systems. Once the ducks reach
the required weight for slaughter of nearby 3100 to
3500 g around 42 to 56 days of age, they're sent for
slaughter. The most usually used breed of meat duck
in the United Kingdom is Pekin. About 14.5 million
ducks were reared for meat in the United Kingdom
in 2017. Most commercial meat ducks raised in the
United Kingdom are reared in indoor systems. Straw
is commonly provided to cover the floor. Typically,
numerous thousand fowls are raised together inside
a building. Ducks are given especially formulated diets and are provided water for drinking. On the other
hand, ducks aren't given access to a free water source
for swimming. In Free-range, ducks are supplied
with housing like that designated for indoor production, with the addition of access to an outdoor range
area throughout the day [4].
Many investigators reported that raising
method is one in all the multiple non-genetic factors
that may highly affect carcass traits [5]. Thus, for
producing duck meat of upper quality, ducks must be
kept under environmental and management conditions that ensure the saving of acceptable level of
welfare [6].

KEYWORDS:
Duck, Raising protocol, Performance, Carcass, Economic
efficiency, Welfare
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There is an urgent need for further studies and
research in this trend. Therefore, the goal of this research was to compare the impact of various methods of raising protocols on growth performance, carcass characteristics, sexual dimorphism and economic efficiency of Pekin ducks under hot climate
conditions.
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They were raised under similar managerial, environmental, and hygienic conditions from one day old to
the end of the experiment. Water and feed were supplied ad libitum. Composition and calculated analysis
of the diet is shown in (Table 2). Beside the commercial diet, birds in the group 3 were given free access
for raising (free range system) in the pasture for 6 hour
daily from 6 am to 10 am and from 4 pm to 6 pm from
the 7th days of age, after they have been trained to
grazing in the pasture from the 2th day of age (Figure
1). The group 2 were feeding on diets all time and the
grasses for 6 hours as the group 3 but indoor. There
were many types of grasses and tree leaf's in the pasture is recorded in (Table 3). The pasture itself was
divided into two parts; where ducks go to the pasture
at one day and the alternative day go the second part
of the pasture. The dimensions of the pasture were
1400 m2 (56 x 25) and 1410 m2 (47 x 30) for the part
1 and 2 respectively. The birds reared together without
pens with same diets and the pasture.
The ducks in the three groups were bathing three
times a day for an hour each time, where they takes a
bath at 6 am, 1 pm and 5 pm. Ducks in the third group
go to the bathtub in the pasture in the first and third
period, and in the second period indoor (Figure 2)

MATERIALS AND METHODS
Groups and Management. A total number of
250 Pekin ducks one day old, obtained from a commercial duck's hatchery, were used in the present
study. Upon arrival, they were weighed and randomly
distributed into three experimental groups; First group
(G1) was raised indoor and fed a commercial diet
only, Second group (G2) was raised indoor and fed the
commercial diet with grass, and the third group (G3)
was fed on commercial diet with outdoor grass feeding i.e. free range system. All ducklings were brooded
in floor pens. The brooding temperature was 33°C for
the first three days and then reduced gradually until it
reached 26°C at two weeks of age. High and low temperature (° C) during experimental period is shown in
(Table 1). Birds were exposed to a continuous light
during the first three days then a light schedule of 16
L: 8 D till the end of the fattening period (6 weeks of
age). The 16th lighting hours include 12 hours of natural day light and then the artificial light was applied.

Body weight & weight gain. The live body
weight was taken at 1, 2, 3, 4, 5 and 6 weeks of age
and then body weight gain was calculated for
different periods. Growth rate were also determined.

FIGURE 1
The protocol of raising the duck during the experimental period.
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FIGURE 2
Place the bathtub for the ducks indoor (A) and outdoor (B)

Feed consumption (FC) & feed conversion
ratio (FCR). Feed consumption (FC) and feed
conversion ratio (FCR) were calculated weekly for
birds representing all groups from one week to
marketing age. FC was calculated weekly and for the
whole experimental period for all groups without
replicates. FCR were measured as follows:
Feed conversion ratio = FC /'wt
FC = feed consumed throughout one week
'wt = weight gain (g) for one week

TABLE 1
High and low temperature (° C) during
experimental period.
Age
Temperature
Age Temperature
(day)
(day) High Low
High
Low
1
35
23
22
35
25
2
33
24
23
36
26
3
37
24
24
37
26
4
37
23
25
36
26
5
35
24
26
37
25
6
32
24
27
34
25
7
33
23
28
44
30
8
39
25
29
44
31
9
36
24
30
45
32
10
34
22
31
43
30
11
34
24
32
42
28
12
34
22
33
36
26
13
37
25
34
36
23
14
37
27
35
33
25
15
36
25
36
34
26
16
34
24
37
36
26
17
36
24
38
42
29
18
36
25
39
44
31
19
35
25
40
43
30
20
37
24
41
40
28
21
34
24
42
37
25

Mortality and defect. Mortality was recorded
during the experimental period, while the observed
defects in (legs, dwarf, beak, neck …etc.) were
recorded for the birds didn’t die.
Carcass traits. At the finish of the
experimental period, ten ducks from every group
were taken haphazardly and slaughtered for carcass
evaluation. Dressed carcass weight, non-edible parts,
edible parts (dressed carcass – gizzard – liver –
heart), and head were recorded.
Sexual dimorphism. Sexual dimorphism =
(male value - female value) / female) × 100 or (Male
value/ female value) - 1) × 100. This gives the
percentage by which males differ from females, so
that positive values (>0) mean that male is greater
than the female for that trait, a zero value means
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Statistical analyses. Data related developed
sexual dimorphism, body weight, body weight gain
and growth rate analyzed by one-way analysis of
variance with the strain effect using GLM (General
Linear Model) procedure of [7]. According to the
QH[WPRGHO ȱ :
Yij = μ + Ri+ eij
Where, Yij = Trait measured,
μ = Overall means,
Ri = Raising protocol effect
eij = experimental error.
Data other than those subjected to statistical
analysis by two-way analysis of variance with
raising protocol effect and the sex with interaction
E\*/0SURFHGXUHRI>@DVWKHQH[WPRGHO ȱȱ 
Yij = μ + Ri + Sj + [RxS]ij + eijk
Where, Yij = Trait measured,
μ = Overall mean,
Ri= Raising protocol effect,
Sj = Sex effect (j=1 and2),
[RxS]ij= Interaction between raising protocol and
Sex,
eijk = experimental error.
Once significant differences between means
were found, means were separated using Duncan’s
multiple range tests.

males and females are equal, and negative values
(<0) mean that female is greater than the male for
that trait.
Economic
Efficiency.
The
economic
efficiency was determined by tow formula as
follows:
I- European Production Efficiency Factors (EPEF)
EPEF = (Viability (%) x (BW)/ age (days) x FCR (kg
feed/kg gain) X 100
Viability (%) = Ducks remaining at the end of period
(%), FCR= feed conversion
II- European Broiler Index (EBI)
EBI= Viability (%) x ADG (g/ duck/ day)/ FCR (kg
feed/kg gain) x10
ADG (g/chick/d) = BWG/ days number of growth
period
Feed Cost. Feed cost was calculated in
Egyptian pound (€/kg feed). Knowing feed intake on
growth periods, BWG, FCR and compound feed cost
was calculated the feed cost/kg live weight (€/kg
BW) the feed cost/chick (€/chick) and feed cost/m2
house.

TABLE 2
Diets distribution and chemical analysis of experimental diets.
Diets distribution
Ingredient

0-2 wks

2-4 wks

4-6 wks

Starter

Grower

Finisher

Yellow corn
58.74
67.00
Soybean meal 44%
30.40
24.00
Corn gluten meal 60 %
7.50
6.04
Wheat bran
0.00
0.00
Limestone
0.65
0.55
Die calcium phosphate
1.50
1.20
Salt
0.3
0.30
Vit.-Min. Mex*
0.50
0.50
Methionine
0.01
0.01
Dry Yeast
0.1
0.10
Dry mulases
0.1
0.10
Trigonella
0.1
0.10
Chamomile
0.1
0.10
Total
100
100
Calculated chemical analysis
Crude protein, %
23.07
20.04
ME, kcal/kg
2972.50
3006.60
Calcium, %
0.75
0.62
Avail. Phosphorus, %
0.41
0.34
Methionine, %
0.42
0.37
Lysine, %
Fiber, %

1.05
3.53
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3.23

73.44
16.00
7.60
0.00
0.55
1.20
0.3
0.50
0.01
0.10
0.10
0.10
0.10
100
18.00
3100.10
0.60
0.33
0.35
0.70
2.83
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lower body weight gain in comparison with other
two groups (Table 4). No significant difference
between different groups for weight gain at 0-6 wks
of age.

TABLE 3
Types of the grasses and trees in pasture
Type of grasses
No. Common name
Binomial name
1 Field Bindweed
Convulvulus arvensis L
2
Jungle Rice
Echinochloa colonum
3 Bermuda grass
Cynodon dactylon
4
Nutsedge
Cyperus longus L
5 Annual Sowthistle
Sonchus oleraceus L
6
Chicory
Cichorium pamilum L
7 Common PursPortulaca oleracea
lane
Type of Trees
Number of
No. Common name Binomial name
Trees
1
Date Palm
Phoenix dac5
tylifera
2
Berry
Morus rubra
2
3
Guava
Psidium
2
guajava
4
Mango
Mangifera in2
dica
5
Fig
Ficus carica
9
6 Drumstick tree Moringa oleif3
era
7
Grapes
Vitis vinifera,
3
8
Lemon
Citrus auranti1
folia
9
Orange
Citrus X sinen6
sis
10
Zapota
Manilkara za3
pota
11
Ficus
Ficus retusa
2

TABLE 4
Body weight, body weight gain and growth rate
of Pekin duck as affected by different raising
protocols.
Age
Raising protocol
Level of
(Wk.)
Significant
G1
G2
G3
Body Weight
0
54.15
53.17
53.24
NS
±1.62
±0.66
±0.25
1
220.31b 219.83b 259.12a
0.0001
±3.46
±3.41
±3.01
2
652.98a 629.5b 633.53ab
0.05
±9.39
±9.62
±5.0
3
1136.45 1096.50 1130.48
NS
±20.43 ±17.10 ±10.28
4
1731.82 1709.0 1680.14
NS
±31.37 ±27.65 ±15.64
5
2193.64ab 2139.0b 2285.96a
0.01
±54.11 ±36.82 ±25.23
6
2755.45 2694.0 2753.08
NS
±73.69 ±43.79 ±20.03
Body weight gain
0-1
166.16b 163.23b 205.88a
0.0001
±3.46
±3.21
±3.01
1-2
427.78a 413.10b 374.41c
0.0001
±5.73
±6.44
±6.44
2-3 488.36ab 467.0b 496.95a
0.03
±11.57
±7.66
±5.58
3-4
595.36a 612.50a 549.66b
0.0001
±12.23 ±11.30
±6.65
4-5
461.82b 430.0b 605.82a
0.0001
±23.46 ±11.07
±9.98
5-6
561.82a 555.0a 467.12b
0.0001
±26.05 ±13.57
±9.47
0-6
2701.30 2640.83 2699.84
NS
±73.69 ±43.79 ±20.03
Growth rate
0-1
120.39b 118.38b 133.73a
0.0001
±1.03
±1.93
±0.67
1-2
98.60a 97.64a 84.28b
0.0001
±0.28
±0.15
±0.59
2-3
54.36b 54.08b 56.19a
0.0001
±0.49
±0.20
±0.23
3-4
41.52b 43.63a 39.09c
0.0001
±0.36
±0.29
±0.28
4-5
22.68b 22.22b 30.32a
0.0001
±0.80
±0.41
±0.20
5-6
22.44a 23.09a 19.02b
0.0001
±0.64
±0.61
±0.48

RESULTS
Growth performance. Body weight, body
weight gain and growth rate of Pekin duck as
affected by different raising protocols are presented
in Table 4. No significant difference between
different groups for initial weight. This result
consistent with [5,3]. The same trend was observed
of final body weight at 6 weeks of age. Ducks group
fed on commercial diet with outdoor grass feeding
i.e. free-range system (G3) had significantly heavier
live body weight at 1and 5 wks of age compared to
the group raising indoor with feeding on commercial
diet only (G1) or ducks group was reared indoor and
fed the commercial diet with grass (G2). While, at
two weeks of age, G1 ducks recorded the higher
value of live body weight compared to G2, however,
G3 ducks were intermediate. There was no
significant difference between different groups for
live weight at 6 wks or marketing age.
Regarding body weight gain, our results
indicate that G3 ducks had significantly higher
weight gain at periods of 0-1, 2-3 and 4-5 wks of age
compared to other two groups. Conversely, at 1-2, 34 and 5-6 wks of age, G3 ducks had significantly

a, b and c Means within the same row with different letters
are significantly differed
G1= In door
G2= In door with feeding on grass
G3= Outdoor with feeding on grass
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Results demonstrated a highly significant
difference between different raising protocols for
growth rate. The same trend was observed for
growth rate like weight gain. It is also worth noting
that at 5-6 weeks of age, the birds of the studied
groups showed markedly slower growth rate. [8]
stated noticeably slower weight gains of ducks when
forty-two days of growth, that is in keeping with our
findings.
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different raising protocols demonstrated significant
(p < 0.05) differences in these traits excepting
gizzard percentage trait (Table 6). Also, the results
point to significant differences among males and
females in live weight, dressed carcass, head
percentage and relative edible meat parts. Males had
significantly heavier live weight (3070g) in
comparison with females (2843g). G1 ducks had
significantly higher dressed carcass percentage and
relative edible meat parts followed by G3 and then
G2 ducks. The same trend was observed by [9] stated
that rearing ducks in a free-range system slightly
decreased the dressing proportion and some carcass
characteristics.
Results demonstrated that G2 and G3 ducks
was significantly higher liver percentage than that of
the G1 ducks (2.93 % and 2.88 % vs. 2.47 %,
respectively). These findings agree with those
obtained by [3]. Females had significantly higher
dressed carcass (%) and relative edible meat parts
compared to males. The present results showed all
carcass traits, except heart percentage didn't
significantly affected by interaction between raising
protocols and Sex.

Feed consumption & feed conversion ratio.
Data presented in Table 5 clarifies feed consumption
and feed conversion of Pekin duck as affected by
different raising protocols. G3 ducks had better feed
consumption during the whole experimental period
from 1 to 6 wks of age, it consumed only (4477 g)
compared to G1 ducks (4890 g) and G2 ducks 4987
g). In general, feed consumption increases as age
increased.
Concerning feed conversion ratio, the present
results showed that feed conversion ratio during the
whole experimental period from 1-6 weeks of age
was also better in G3 ducks (1.80) followed by G1
ducks (1.93) and then G2 ducks (2.01). These
findings agree with those gained by [5] who reported
that using a swimming pool improved feed
efficiency and weight of Pekin ducks.

Sexual dimorphism. Data of Sexual
dimorphism of body weight and carcass traits of
Pekin duck as affected by different raising protocols
are presented in Table 7. Sexual dimorphism of body
weight and carcass traits of Pekin duck was
significantly affected by different raising protocols.
The group was reared indoor and fed the commercial
diet with grass (G2) had significantly lower sexual
dimorphism for live body weight, dressed carcass,
giblets and edible meat parts compared to other two
groups.
The sexual dimorphism (SSD) is the difference
in phenotypes and size between male and female,
generally, the SSD is important for ecology
behavior, population dynamics, and evolution
Rensch’s rule [10], however, the SSD important for
the poultry to determine the type of insemination
(natural or artificial) and The methods of selling the
carcass (whole or parts). Also, the SSD is important
to determine the homogeneity, which the
homogeneity increased when the SSD decreased.
From the data in Table (7). The homogeneity was
higher in G2 followed by G3, which the SSD was
lower. The SSD was lower in G2, because the live
body weight for the male was lower this lead to
decrease the SSD, also the SSD decreased for live
body weight in the G3 compared to G1 because the
female had higher body weight compared to the
females in remain groups, for thus the SSD for live
body weight was lower, this indicates that the raising
system with free range system (G3) was more
suitable for females, as it had better performance
than the females in G1 and G2. Other studies by [11]
indicated that, in the Pekin duck, the difference is
minor: 3.5%. On the contrary, in Muscovy the drake

TABLE 5
Feed consumption and feed conversion ratio of
Pekin duck as affected by different raising
protocols.
Raising protocol
Age (Wk.)
G1
G2
G3
Feed Consumption (g)
0-1
165
165
165
1-2
735.4
709.7
609.8
2-3
883.5
962.3
905.7
3-4
957.1
968.6
901.5
4-5
1044
1053
1036
5-6
1270
1293
1024
0-6
5055
5151.6
4642
1-6
4890
4987
4477
Feed Conversion (%)
1-2
1.72
1.72
1.76
2-3
1.81
2.06
1.82
3-4
1.61
1.58
1.64
4-5
2.26
2.45
1.71
5-6
2.26
2.33
2.19
0-6
1.87
1.95
1.72
1-6
1.93
2.01
1.80
G1= In door
G2= In door with feeding on grass
G3= Outdoor with feeding on grass
Feed conversion ratio = F.C. /'wt
Feed consumption (F.C.) = feed consumed for one week
Weight gain ('wt) = weight gain in grams within one
week (from Table 4)

Relative carcass traits. The analysis of mean
relative carcass traits of Pekin duck as affected by

11742

© by PSP

Volume 29 – No. 12A/2020 pages 11737-11747

is approximately double the size of the female.
Furthermore, selection for improved body weight
reinforced this sexual dimorphism. The different in
males and females characteristic related to Steroids
hormones [12] may an interaction occurred between
the feeding protocol system and hormones of
females in the G3, which led to the superiority of the
females compared to other females. However, the
males in the G1 and G3 were the same Live body
weight, so the different between found to the females
in the same groups. The dimorphism may be
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attributed to the common association among growth
and sex hormonal as stated by [13]. [14] suggested
that the degree of divergence among sexes however
differ, where there was selection for improve body
weight the drakes will mutually double the size of
the female. Males and females in G2 had lower body
weight compared to remaining groups, they was the
same live body weight but lower, this is the reason
for decrease the SSD in G2, Generally from our
results the G2 was the worst in for growth
performance and economic efficiency.

TABLE 6
Relative carcass traits of Pekin duck as affected by different raising protocols
at marketing age (6 weeks).
Raising protocol (S)
Level of Significant
Traits, %
Sex (Sx)
G1
G2
G3
S
Sx
S*Sx
3200
2775
3285
3070a
Male
±88.19
±83.75
±90.39
2825
2710
2995
2843b
LBW, g
Female
±119.3
±104
±82.8
Average
3012.5a
2717.5b
3140a
0.0001
0.005
NS
73.0
69.12
71.56
71.23b
Male
±0.37
±0.54
±0.66
Dressed
74.22
71.24
71.87
72.44a
Female
carcass
±0.78
±0.83
±0.38
Average
73.61a
70.18c
71.72b
0.0001
0.02
NS
2.70
2.97
2.85
2.84
Male
±0.1
±0.13
±0.11
Liver
2.24
2.88
2.92
2.68
Female
±0.15
±0.12
±0.09
Average
2.47b
2.93a
2.88a
0.0005
NS
NS
2.94
2.98
2.85
2.92
Male
±0.11
±0.15
±0.11
Gizzard
2.97
2.95
2.92
2.94
Female
±0.13
±0.17
±0.09
Average
2.95
2.96
2.88
NS
NS
NS
0.60
0.78
0.65
0.67
Male
±0.03
±0.05
±0.02
Heart
0.75
0.65
0.69
0.70
Female
±0.03
±0.04
±0.04
0.72a
0.67b
0.05
NS
0.003
Average
0.67b
6.23
6.72
6.65
6.53
Male
±0.15
±0.27
±0.13
Giblets
5.96
6.48
6.54
6.33
Female
±0.19
±0.24
±0.12
6.60a
6.60a
0.01
NS
NS
Average
6.09b
4.02
4.15
3.96
4.05a
Male
±0.11
±0.06
±0.05
Head
4.11
3.84
3.56
3.83b
Female
±0.18
±0.20
±0.14
Average
4.06a
4.0ab
3.76b
0.05
0.05
NS
79.23
75.84
78.21
77.76b
Male
±0.45
±0.46
±0.69
Edible meat
80.18
77.72
78.41
78.77a
Female
parts
±0.75
±0.68
±0.35
Average
79.71a
76.78c
78.31b
0.0001
0.05
NS
a, b and c Means

G1= In door

within the same row with different letters are significantly differed
G2= In door with feeding on grass
G3= Outdoor with feeding on grass
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TABLE 7
Sexual dimorphism of body weight and carcass traits of Pekin duck as affected by
different raising protocols.
Raising protocol
G1
G2
G3
Traits (g)

LBW
Head
Dressed
Liver
Gizzard
Heart
Giblets
Edible meat
parts

Male
3200
±88.19
128.50
±4.72
2336.0
±65.17
86.0
±3.63
94.0
±3.86
19.0
±1.0
199.0
±6.14
2535.0
±69.62

Traits
LBW
Head
Dressed
Liver
Gizzard
Heart
Giblets
Edible meat parts
a, b and c Means

G1= In door

Female
2825
±114.50

Male
2775.0
±4.15

Female
2710.0
±3.84

114.50 ±3.45 113.0 ±3.43 102.50 ±2.91
2101.50
±100.42
63.0
±4.67
83.50
±4.66
21.0
±1.45
167.50
±7.20
2269.0
±105.55

G1
14.05a ±2.37
12.06b ±1.25
12.35 a ±3.08
39.85 a ±5.29
13.61 a ±3.60
-8.17 b ±3.39
19.51 a ±2.56
12.83 a ±2.93

1885.0
±65.76
80.50 ±3.37

1936.0 ±91.87
77.50
±3.01
79.50
±4.62

80.50

±3.45

21.0

±1.25 17.50

182.0 ±6.33 174.50

±0.83
±6.03

Male
3285.0
±90.39
130.0
±3.58

Female
2995.0
±3.56
107.0
±5.59

2347.0 ±53.36 2152.0 ±61.27
103.5
±5.27
93.5
±4.09
21.0
±0.67
218.0
±7.61

87.50
±3.67
87.5
±4.03
20.5
±1.17
195.5
±5.35

2067.0 ±66.50 2110.50 ±95.20 2565.0 ±57.31 2348.0 ±65.20
Sexual dimorphism, %
Raising protocol
G2
0.84b ±1.06
10.20 b ±0.79
-2.01 b ±1.89
3.79 c ±1.04
2.33 b ±2.64
20.83 a ±5.99
4.38 c ±1.25
-1.49b ±1.72

G3
9.69a ±0.41
23.76a ±5.33
9.24 a ±1.03
18.07 b ±2.86
7.19a b ±2.33
4.67 b ±5.17
11.41b ±2.19
9.41a ±0.88

Level of significant
0.0001
0.01
0.0002
0.0001
0.04
0.001
0.0001
0.0001

within the same row with different letters are significantly differed
G2= In door with feeding on grass
G3= Outdoor with feeding on grass

Mortality and defects. Mortality and defect of
Pekin duck as affected by different raising protocols
are shown in Table 8. No mortality for group was
raised indoor and fed a commercial diet only (G1)
and group was raised indoor and fed the commercial
diet with grass (G2). While, mortality percentage
was 3.3 % for the third group (G3) was fed on
commercial diet with outdoor grass feeding during
period 4-6 wks of age. G3 ducks had lower defect
percentage (2 %) compared to other two groups (4
%) for each one during all experimental period.

period (1-42) was lower an G3 compared to
remaining groups, the cost of feed for the duck from
1-42 was 33.8, 34.45 and 31.04 pounds for G1, G2
and G3, respectively. The raising duck by free range
system show better productive and economic
efficiency than other raising systems.
Nutrition represents 70% of the total costs of
poultry raising, thus reducing feed consumption by
improving feed efficiency will reduce the total costs
and increasing profit, the economic efficiency
depend on more traits as final body weight, average
daily gain, weight gain, mortality, feed intake and
feed conversion [15,16]. The assessment of the
economic efficiency when calculated by European
Production efficiency Factors (EPEF) and European
Broiler Index (EBI) associated growth traits, which
increased with positively with improve this traits, the
higher value calculated from the two methods of
economic efficiency (EPEF and EBI) indicator to
better economic efficiency [17,16].
Although the marketing weight was not
significant among the three groups, but the G3

Economic efficiency and Feed cost. The data
in Tables 9 and 10 referring to the productive
efficiency and feed cost among the groups, from the
table 9 the G3 was better for the economic efficiency
compare to the other groups, also, the G1 was better
than G2 for the productive efficiency from 1-21 day
and from 1-42 day, however the G2 was better than
G1 from 21-42 day. The feed cost for all types of
diets was lower in the G3 compared to other groups
as shown in Table (10), also the feed cost for all
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achieved higher economic efficiency and recorded a
lower feeding cost than the other groups, this is due
to the fact that it was better in feed efficiency (Feed
conversion) than the other groups, which reduced the
consumption of feed during the raising period, [18]
confirm that, the calculated the cost of feed/kg
depend on feed efficiency (reduce feed conversion

Raising
protocol
G1
G2
G3
Total
G1= In door

Fresenius Environmental Bulletin

ratio). Raising duck by free range system (G3)
improve the feed efficiency than other groups, thus
the total feed cost was lower than other groups, many
research had improved the feed efficiency by
decrease the feed conversion ratio to reduce the cost
of feed/kg [19,20].

TABLE 8
Mortality and defect of Pekin duck as affected by different raising protocols.
Flock
Mortality number
Total
Mortality Defect number
Total
Number
mortality
%
defect
2-3wk 4-6wk
2-3wk
4-6wk
50
0
0
0
0
2
0
2
50
0
0
0
0
0
2
2
150
0
5
5
3.3
0
3
3
250
0
5
5
2
5
7
G2= In door with feeding on grass

Defect%
4
4
2

G3= Outdoor with feeding on grass

TABLE 9
Values for performance parameters of Pekin duck as affected
by different raising protocols.
Raising protocol
Traits
G1
G2
1-21 day
Bw1day (kg)
0.0542
0.0532
Bw21 (kg)
1.136
1.097
BWG (g)
1082.3
1043.3
ADG (g)
54.12
52.21
FI (g)
1783.9
1837
FCR
1.65
1.76
Viability (%)
100
100
EPEF
328.33
296.55
EPI
328.33
296.55
21-42 day
Bw21day (kg)
1.136
1.097
Bw42(kg)
2.76
2.69
BG (g)
1639
1597.5
ADG (g)
132.16
128.29
FI (g)
3271.1
3057.6
FCR
2
1.91
Viability (%)
100
100
EPEF
662.22
670.25
EPI
662.22
670.25
1-42 day
Bw1day (kg)
0.0542
0.0532
Bw42(kg)
2.76
2.69
BWG (g)
2701.3
2640.83
ADG (g)
64.32
62.88
FI (g)
5055
5151.6
FCR
1.87
1.95
Viability (%)
100
100
EPEF
350.83
328,24
EPI
343.94
322.45

G3
0.0532
1.138
1085.2
54.21
1680,5
1.55
100
350.05
350.05
1.138
2.75
1614.7
131.10
2961.5
1.83
96.7
690.96
690.96
0.0532
2.75
2699.84
64.28
4642
1.72
96.7
368.40
361.27

G1= In door
G2= In door with feeding on grass
G3= Outdoor with feeding on grass
BW7 = Body weight at 7 day of age. BW21 = Body weight at 21 day of age, BW42 = Body weight at 42 day of age, BG= Body
weight gain, ADG= Average daily gain (BG/ days number of growth Period), FI= Feed intake, FCR= Feed conversion ratio,
EPEF= European Production Efficiency Factors ((Viability (%) x BW (kg) / age (day) x FCR) x 100) and EPI = European
Broiler Index (Viability (%) x ADG/FCR x 10)
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TABLE 10
Cost of nutritional segment of Pekin duck as affected by different raising protocols.
Raising protocol
Specification
G1
G2
G3
The cost is calculated in EPG (Egyptian pounds)
(1 EPG = 0.06 EUR)
Starter (1-14 day)
Feed Price (€/kg feed)
6.8
6.8
6.8
Feed Intake (g)
900.4
874.7
774.8
Feed Conversion
1.50
1.52
1.34
Feed cost/ 1 kg gain (€/kg gain)
10.22
10.32
9.08
Feed cost/chick (€/chick)
6.12
5.95
5.27
Grower (14-28 day)
Feed Price (€/kg feed)
0.403
0.403
0.403
Feed Intake (g)
1840.6
1930.9
1807
Feed Conversion
1.71
1.79
1.73
Feed cost/ 1 kg gain (€/kg gain)
11.46
12.02
11.60
Feed cost/chick (€/chick)
12.37
12.98
12.14
Finisher (28-42 day)
Feed Price (€/kg feed)
0.3924
0.3924
0.3924
Feed Intake (g)
2314
2346
2060
Feed Conversion
2.26
2.28
1.92
Feed cost/ 1 kg gain (€/kg gain)
14.78
15.58
12.56
Feed cost/chick (€/chick)
15.13
15.34
13.47
Total feed cost from 1-42 day
Average feed price (€/kg feed)
6.69
6.69
6.69
Final Body weight (kg)
2.76
2.69
2.75
Total Body weight gain (g)
2701.3
2640.83
2699.84
Total Feed Intake (kg feed/duck)
5.055
5.152
4,642
Feed conversion
1.87
1.95
1.72
Number of ducks/ m2
5
5
5
BW/ m2 house (kg/m2)
13.78
13.47
13.77
Feed cost/ 1 kg gain (€/kg gain)
12.50
13.04
11.50
Feed cost/chick (€/chick)
33.80
34.45
31.04
Feed cost/m2 house (€/m2)
172.27
175.64
158.32
G1= In door

G2= In door with feeding on grass

G3= Outdoor with feeding on grass

CONCLUSION
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LADY BEETLE SPECIES (COLEOPTERA:
COCCINELLIDAE) AND PREYS ON STONE FRUIT TREES
IN IGDIR PROVINCE OF EASTERN TURKEY
Yesim Bulak Korkmaz*
Ataturk University, Faculty of Agriculture, Department of Plant Protection, 25240, Erzurum, Turkey

Because of the rich fauna, Turkey has gained attention by not only Turkish but also foreign scientists
for long periods in terms of biodiversity studies [1].
,JGÕU3ODLQZKHUHWKHVWXG\ZDVFRQGXFWHGLV
located in Eastern Turkey and it has a microclimate
with a continental climate close to the Mediterranean
FOLPDWH,JGÕU3ODLQLVNQRZQDVHQDEODLQJWKHFXOWL
vation of many agricultural products (especially
apricot, apple, peach) due to its microclimate property and soil structure.
Stone fruit trees are a shelter for different organisms including beneficial insects such as coccinellids and pests. Most of the ladybird beetles are
predaceous, as both larvae and adults, and feed
chiefly on aphids. They are frequently quite common, particularly on vegetation where aphids are numerous [2]. Also, very few of them feed on pollens
and fungi [3]. They are mainly used as biological
control agents of aphids, mealybugs and scale insects, thrips, mites, eggs and larvae of lepidopteran,
coleopteran, hymenopteran and dipteran species in
agricultural areas [4].
The family Coccinellidae over 6000 species described worldwide in many different ecosystems [5].
In Turkey, the Coccinellidae is a well-known family
with 6 subfamilies, 16 tribes, 39 genus and 105 species [6].
In the same study area, reported seven species
of Coccinellidae in the stone fruit orchards [7]. Different researchers recorded, eight species belonging
WR&RFFLQHOOLGDHDQGIHGRQDSKLGVLQWKH,JGÕU3ODLQ
fruit trees [8]

ABSTRACT
Coccinellids have taken the role of important
biological control agents for many years. They are
widely used in controlling pests in agriculture ecosystems. A survey of the coccinellid species and
their preys was conducted in stone fruit trees in ,JGÕU
Province of eastern Turkey. These specimens were
gathered during the seasons of spring, summer, and
autumn of 2014 and 2018. Nineteen coccinellids species belonging to 10 genera were recorded. Frequency rates of the most abundant genus were determined as; Adalia Mulsant, 1846 (25,29%),
Coccinella Linnaeus, 1758 (21,03%) and
Oenopia Mulsant, 1850 (14,44 %). When examined
the distribution of species by months the most intense months are August (253 specimens), July (236
specimens) and June (124 specimens). Frequency ratios of these species respectively;
Coccinella septempunctata Linnaeus, 1758
(20,83%), Oenopia (Synharmonia) conglobata (L.)
(14,44%), Adalia (Adalia) bipunctata (Linnaeus,
1758) (13,86%)
Adalia fasciatopunctata revelierei Mulsant
(11,43%), Stethorus gilvifrons (Mulsant, 1850)
(10,27%) Exochomus quadripustulatus Linnaeus,
1758 (9,59%) and Propylea quatuordecimpunctata
(Linnaeus, 1758) (9,01%). Fourteen species were
found feeding Hyalopterus pruni (Geoffroy, 1762)
and one specimen was found feeding both
Hyalopterus pruni (Geoffroy, 1762) and
Sphaerolecanium prunastri (Boyer de Fonscolombe, 1834).

MATERIALS AND METHODS
KEYWORDS:
Coccinellidae, Coccinella, Predatory fauna, Stone fruit,
,JGÕUTurkey

Study area; This study was conducted in ,JGÕU
Province where altitudes range from 850 to 1600 m.
Coccinellid samples were collected from Prunus
spp. (stone fruit) that are and cultivated areas, during
the seasons of spring, summer and autumn of 2014 2018 (Figure 1).

INTRODUCTION
Turkey has different climatic conditions which
is one of the main factors affecting biodiversity.
Both geographic position and climatic differentiations increase the composition of its flora and fauna.

Sampling method; Fruit trees in the orchard
were samples at random from the four cardinal directions. Coocinellid samples were randomly collected as shown in Table 1 [9].
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FIGURE 1
Location of study area
TABLE 1
The number of trees controlled in the sampled fields
Number of total trees
Number of control trees samples
1-20
21-70
71-150
151-500
501-1000
More than 1000

All trees
10-30
31-40
41-80
15% of all trees
5% of all trees

Collected coccinellid specimens as adult or immature stages were sampled by shaking and knocking on the branch at minimum three times maximum
five times, and Steiner’s funnel shaped collector, aspirator, handpicking, knocking. The specimens collected from different localities were separated,
killed, pinned and labeled in the laboratory. Young
stages were fed on plant parts. Each specimen was
labeled with location, date and host plant information.

1758) (13,86%) Adalia fasciatopunctata revelierei
Mulsant (11,43%) and Stethorus gilvifrons (Mulsant, 1850) (10,27%) were determined as the most
common species recorded in this study (Table 2).
Coccinellids are predators such as aphids,
mealybuds and scale insects. The majority members
of the family have received considerable research attention because of their potential to act as biocontrol
agents [10]. Coccinellidae species are predatory beetles that feed on generally aphids and scale insects.
Nineteen coccinellid species were determined to
feed on especially aphids and scale insects (Table 2).
The most abundant coccinellid species,
C. septempunctata which constituted 20.83% variety
of the specimens has been reported to have a wide. It
can be found in different habitats and agro-ecosystems on different crops worldwide feeding voraciously on aphids [11,12,13,14,15].
Coccinella septempunctata that showed a wide
spread was found feeding on Hyalopterus pruni
(Geoffroy, 1762). Besides, Adalia bipunctata,
Adalia fasciatopunctata

RESULT AND DISCUSSION
In this study, 1032 specimens were collected
from stone fruit trees (apricot, peach and plum).
Nineteen coccinellid species belonging to ten genera
were identified. Most of the sample were obtained
from April to September. Among these samples,
Coccinella septempunctata Linnaeus, 1758
(20,83%), Oenopia (Synharmonia) conglobata (L.)
(14,44%), Adalia (Adalia) bipunctata (Linnaeus,
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TABLE 2
6SHFLHVRIWKHIDPLO\&RFFLQHOOLGDHIUHTXHQFLHVUHFRUGHGLQVWRQHIUXLWWUHHVJURZQLQ,JGÕU3URYLQFHDWWKH
eastern of Turkey from 2014 to 2018.
Genus
Species
Total
%
% Genus
Prey
Adalia (Adalia) bipunctata (LinAdalia Mulsant,
1846
naeus, 1758)
143
13,86
25,29
Adalia fasciatopunctata revelierei
Mulsant
118
11,43
Chilocorus
Chilocorus bipustulatus (LinLeach, 1815
naeus, 1758)
10
0,97
0,97
Coccinella LinCoccinella septempunctata Linnaeus, 1758
naeus, 1758
215
20,83
21,03
Coccinella (Spilota) undecimpunctata Linnaeus, 1758
2
0,19
Exochomus
Exochomus nigromaculatus
(Goeze, 1777)
1
0,10
9,69
Redtenbacher,
1843
Exochomus quadripustulatus Linnaeus, 1758
99
9,59
Hippodamia (Hippodamia) varieHippodamia
Chevrolat, 1836
gata Goeze, 1777
24
2,33
2,33
Oenopia (Synharmonia)conglobata (L.)
Oenopia Mulsant, 1850
149
14,44
14,44
Propylea MulPropylea quatuordecimpunctata
sant, 1846
(Linnaeus, 1758)
93
9,01
9,01
Psyllobora vigintiduopunctata
Psyllobora Dejean, 1833
(Linnaeus, 1758)
14
1,36
1,36
Scymnus KugeScymnus (Scymnus) apetzi Mullann, 1794
sant, 1846
1
0,10
5,62
Scymnus (Scymnus) flavicollis
Redtenbacher, 1843
4
0,39
Scymnus (Scymnus) frontalis (Fabricius, 1787)
2
0,19
Scymnus (Scymnus) marginalis
(Rossi, 1794)
4
0,39
Scymnus (Scymnus) rubromaculatus (Goeze, 1778)
13
1,26
Scymnus (Pullus) subvillosus
(Goeze, 1777)
28
2,71
Scymnus syriacus Marseul
6
0,58
Stethorus gilvifrons (Mulsant,
Stethorus Weise,
1885
1850)
106
10,27
10,27
TOTAL
1032
100
100,00
Hyalopterus pruni (Geoffroy, 1762)

Sphaerolecanium prunastri (Boyer de Fonscolombe, 1834)

revelierei, Chilocorus bipustulatus, Oenopia conglobata, Propylea quatuordecimpunctata,
Psyllobora vigintiduopunctata, Scymnus apetzi,
Scymnus frontalis, Scymnus (Scymnus) marginalis,
Scymnus rubromaculatus, Scymnus subvillosus and
Stethorus gilvifrons were found feeding on H. pruni
(Table 2). Oenopia conglobata (L.) was the second
dominant species (14.44%). Oenopia conglobata
(L.) (Coleoptera: Coccinellidae) appears to be the
most important natural enemies of H. pruni in Van
province [16,17].
Adalia (Adalia) bipunctata was the other dominant species in this study (13.86%). Different researchers said that this species is commonly found
throughout Turkey especally in fruit trees

[12,18,19]. In a previous study in the same field by
different researchers, a natural enemy of H. pruni
was identified as eight species in Coccinellidae [7,8].
In this study, 19 species in Coccinellidae were identified. One of this species was found feeding both
Hyalopterus pruni (Geoffroy, 1762) and Sphaerolecanium prunastri (Boyer de Fonscolombe, 1834).
Exochomus quadripustulatus Linnaeus, 1758
which was found feeding on both Hyalopterus pruni
(Geoffroy, 1762) (Hemiptera: Aphididae) and
Sphaerolecanium prunastri (Boyer de Fonscolombe,
1834) (Hemiptera: Coccidae) (Table 2).
E. quadripustulatus was recorded feeding on the
scale insect (S.prunastri) in this study, which is consistent with the result of a different research
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FIGURE 2
Number of species: a) according to per genus in 2014-2018; b) according to months in 2014-2018
[20,21,22,23,24]. Different researchers said that
these predatory beetles are voracious feeders of soft
bodied insects such as whiteflies, aphids, psyllids,
scale insects, mealybugs, mites and feed on eggs and
minute larvae of other insects as well [25,26].
Figure 2a shows that the most abundant of the
genus collected Adalia (25,29%), Coccinella
(21,03%) and Oenopia (14,44%) were determined as
the most common genus recorded in this study. According to the distribution of species by months, the
most intense months are August (253 specimens),
July (236 specimens), June (124 specimens) and
May (120 specimens) (Figure 2b).
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cuss the origin of these contaminants in the sediments of the dam. Concentration data were processed using correlation analysis and factor analysis.
The results show low positive and negative correlations among Mn, Fe, Cu, Zn, Cd, TOM and CO3-2
which indicate that heavy metals in sediments of
Wadi El-Arab have different anthropogenic and natural sources. The results also confirm the complicated behavior of these pollutants that can be influenced by many factors. Sediments pollution assessment was carried out using enrichment factor and the
geo-accumulation index. The calculation of enrichment factors showed that Mn and Cu are depleted by
0.76, and 1.33, respectively, whereas Zn, and Cd are
enriched by 3.6, and 30, respectively. The results of
geo-accumulation index reveal that sediments of
Wadi El-Arab are uncontaminated with Mn, Fe, and
Cu, moderately contaminated with Zn, and strongly
to extremely contaminated with Cd. Some of the elevated concentrations of Zn and Cd are probably due
to anthropogenic sources nearby the dam site. These
sources mainly include fertilizers and pesticides
used in agricultural activities, and the effluent of Irbid City treatment plant. Environmental risks of Cd
and Zn were evaluated using the risk assessment
code (RAC) and sequential extraction method. Zn
poses a low environmental risk, whereas Cd poses a
medium environmental risk [3].
Abu-Kukat, [4] has studied the surface sediment samples from Ziqlab Dam area which were analyzed for nine elements namely Pb, Cd, Zn, Mn, Ni,
Cu, Fe, Cr, and Co. Most of these elements were
found to be in the residual fraction which clearly indicates that these metals are primarily immobile and
have the least bioavailability [4].
Manasreh et al., [5], has studied sediment and
water samples collected from Mujib reservoir, central Jordan, in order to investigate the heavy metals
and anionic contaminations. The study shows that
there were elevated levels of SO42-, Cl- and Na+ in
the reservoir water, which might originate from anthropogenic activities in the reservoir catchment
area. In addition, the reservoir water has higher total
hardness (TH) values together with high Ca2+ and
Mg2+ contents. This might be attributed to the pH of
reservoir water and the nature of the rocks exposed
in the catchment area. The average levels of heavy

ABSTRACT
A monitoring study was carried out on bottom
sediments of five Jordanian dams namely Wadi El
Arab, King Talal, Karamah, Mujib and Tannur, to
assess the heavy metal contamination. The results
show that Wadi El Arab dam was the most contaminated one and Karamah dam the lowest.

KEYWORDS:
Heavy metals, Sediment, Dams, Jordan

INTRODUCTION
Human exposure to heavy metals has risen dramatically as a result of an exponential increase of
their use in several industrial, agricultural, domestic
and technological applications. Most environmental
contamination and human exposure result from anthropogenic activities such as mining and smelting
operations, industrial production and use, domestic
and agricultural use of metals and metal-containing
compounds. Environmental contamination can also
occur through metal corrosion, atmospheric deposition, soil erosion of metal ions and leaching of heavy
metals [1].
Also heavy metals could be naturally occurring
elements that are found throughout the earth’s crust.
Natural phenomena such as weathering and volcanic
eruptions have also been reported to significantly
contribute to heavy metal pollution [2].
Industrial sources include metal processing in
refineries, coal burning in power plants, petroleum
combustion, nuclear power stations and high tension
lines, plastics, textiles, microelectronics, wood
preservation and paper processing plants are sources
of heavy metals [2].
Literature Review. Ghrefat et al., [3] has studied bottom sediment samples collected in a grid pattern from Wadi El-Arab Dam. This study focuses on
the levels of Mn, Fe, Cu, Zn, Cd, total organic matter
(TOM) and carbonate content (CO3-2) in order to assess the extent of environmental pollution and to dis-
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metals in the reservoir sediments were Fe =
14,888.1, Cu = 17.8, Zn = 88.6, Ni = 38.7, Cd = 4.4,
Mn = 337.9 and Pb = 6.1 mg/kg, which are lower
than the concentration found in Wadi El-Arab reservoir, northern Jordan. The values of enrichment factor were Cd = 35.5, Ni = 3.02, Zn = 2.54, Cu = 1.26,
Mn = 1.2 and Pb = 0.57 mg/kg. These values indicate
that heavy metals in sediments of Mujib reservoir
have a different anthropogenic incrimination inputs.
The study showed that the sediments are polluted
with Cd, relatively contaminated with Ni and Zn and
uncontaminated with respect to Mn, Pb and Cu [5].

Fresenius Environmental Bulletin

EXPERIMENTAL
Sampling. Five sediment samples were collected from five Jordanian dams namely Wadi El
Arab, King Talal, Karameh, Mujib and Tannur (Figure 1) in the period between 15 July and 15 august
2014.
These samples were collected by the grape
sampler device which was manufactured in the
School of Science at the University of Jordan. Each
sample was gathered from five locations of the dam,
three from the middle and two from each side of the
dam. These five portions were mixed to get a 5000 g
sediment sample. This pooled sample was heated at
120°C to get rid of moisture and then sieved using a
1.18 mm sieve.

Aims of the Present Work. The objective of
this study is to measure the total levels of inorganic
pollutants namely selected heavy metals (Pb, Cd, Zn,
Cu, Fe, Co, and Cr) in sediment samples from most
of the Jordanian dams.

FIGURE 1
Locations of studied dams: Wadi ElArab; King Talal; Karaamah; Mujib; Tannur
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MATERIALS AND METHODS

METHOD VALIDATION

Solvents and Reagents. Nitric acid of the percentage 69-71% and hydrochloric acid of the percentage 35% were purchased from (GCC, UK)

Study of the Linear Range. To study the linear range for all studied heavy metals, a standard
mixture solution series were prepared as shown in
Table 1, and each solution was measured using the
flame atomic absorption spectroscopy (FAAS). Figure 2 shows the calibration curves as absorbance versus concentration, linear equations and coefficient of
determination (R2) for all metals. The relations are
linear up 10 μg/ml except for Zn which is leaner up
to 2 μg/ml.

Standard Mixture. A standard solution mixture of 100 μg/ml which contains 21 metals including (iron, copper, lead, nickel, cadmium, chromium
and zinc) was purchased from (VWR international
limited, UK). Different concentrations were prepared as shown in Table 1.
Instrument and Method. A flam atomic absorption spectrometer (F-AAS) model AI-1200 from
Aurora-Biomed Instruments (Vancouver / Canada)
was used.

Instrument Precision. The precision of the instrument was detected through measuring the standard solutions 0.1, 0.5, 1.0, and 5.0 (ppm) each three
times. The following Tables 2, 3, 4 and 5 show the
absorbance for the three aspirations, the average,
standard deviation (s) and the coefficient of variation
(CV).
All coefficients of variation (CV) for all metals
were found less than the accepted limit value for
trace analysis (CV <15%) [6]; these results show that
the method have a good instrument precision.

Dissolution of the Sediment Samples. Five
grams of each dry sediment sample were digested in
25 ml of nitric acid and heated at 70 ºC until all nitric
acid was evaporated, then 5 ml hydrochloric acid
were added and left on the heater until evaporation
of all the acid and lastly 10 ml of water were added
and left aside for half an hour. This solution was
transferred to 50 ml volumetric flask and filled with
water to the mark.

Cal #
1
2
3
4
5
6
7
8

TABLE 1
Different concentrations of heavy metals
Vol. of the stock
Vol. of final
Concentration
Solution
solution
of stock. μg/ml
ml
ml
100.00
0.05
50.00
100.00
0.10
50.00
100.00
0.25
50.00
100.00
0.50
50.00
100.00
1.00
50.00
100.00
2.50
50.00
100.00
1.00
10.00
100.00
5.00
25.00

Standard concentration.
μg/ml
0.10
0.20
0.50
1.00
2.00
5.00
10.00
20.00

TABLE 2
Results of instrument precision studies using standard solution of heavy metals mixture (0.10 ppm).
Absorbance
Average
standard
Heavy
for
Absorbance for Absorbance for
CV %
deviation
metals
aspiration 1
aspiration 2
aspiration 3
Zn

0.045

0.047

0.041

0.044

0.003

6.89

Cu

0.000

0.000

0.000

0.000

0.000

0.00

Cr

0.000

0.000

0.000

0.000

0.000

0.00

Cd

0.025

0.027

0.030

0.027

0.003

9.21

Fe

0.000

0.000

0.000

0.000

0.000

0.00

Pb

0.000

0.000

0.000

0.000

0.000

0.00

Ni

0.000

0.000

0.000

0.000

0.000

0.00
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Zn

1

Cd

y = 0,4451x + 0,0089
R² = 0,9978

3
absorbance

0,8
0,6
0,4
0,2

y = 0,2617x + 0,0133
R² = 0,9997

2
1
0

0

0
0

1
2
concentration in ppm

5

3

15

Fe
0,8

0,4
0,3 y = 0,0336x + 0,0086
R² = 0,9928
0,2

y = 0,0586x + 0,0137
R² = 0,9916

0,6

absorbance

absorbance

10

concentration in ppm

Pb

0,4

0,1

0,2

0
0

5

10

0

15

0

concentration in ppm

5

1,5

absorbance

0,5
0
0

15

Ni

y = 0,13x + 0,0335
R² = 0,9928

1

10

concentration in ppm

Cu

5

10

y = 0,0807x + 0,0284
R² = 0,9909

1
0,8
0,6
0,4
0,2
0
0

15

concentration in ppm

5

10

concentration in ppm

Cr
absorbance

absorbance

absorbance
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y = 0,0613x + 0,0182
R² = 0,9955

0,8
0,6
0,4
0,2
0
0

5

10

15

concentration in ppm
FIGURE 2
Standard calibration curves for different concentrations of the heavy metals
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Recoveries. Three samples, each of five grams
of pure silica blank were spiked with the heavy metal
mixture to give the concentrations of 0.1, 0.5, 1.0
and 5.0 ppm. These samples were mixed thoroughly,
dissolved and analyzed according to the above mentioned procedure. The recovery tests were done in
triplicate at different times. The average recoveries
were calculated. The results are shown in Table 6.
All recoveries were found to lie within the acceptable range which is from (80 - 110 %) for trace analysis [6].

Fresenius Environmental Bulletin

times to the flame-AAS. Table 7 shows the analytical results of the dam sludge samples, presented as
the average ± standard deviation.

DISCUSSION
Table 7 shows a comparison for the results of
the studied samples from the five Jordan's dams for
the heavy metals namely: Zn, Cu, Pb, Fe, Ni, Cd, and
Cr. These results indicate that Zn concentration
range from 57.3 mg/kg (Karamah) to 158.0 mg/kg
(Wadi El Arab), Cu concentration range from 3.3
mg/kg(Karamah) to 48.8 mg/kg(Wadi El Arab ), Pb
concentration range from 4.7 mg/kg (Karamah) to
21.6 mg/kg (King Talal dam ), Fe concentration
range from 1001.8 mg/kg (Karamah) to 1976.7
mg/kg (King Talal), Ni concentration range from 9.4
mg/kg (Karamah) to 103.3 mg/kg (Wadi ElArab ),

RESULTS
Each sample was weighed and dissolved two
times and each sample extract was aspirated three

TABLE 3
Results of instrument precision studies using standard solution of heavy metals mixture (0.50 ppm).
Absorbance for Absorbance for Absorbance for
average
standard
Heavy
CV %
deviation
metals
aspiration 1
aspiration 2
aspiration 3
Zn
0.236
0.229
0.196
0.220
0.021
9.70
Cu
0.064
0.057
0.06
0.060
0.004
5.82
Cr
0.03
0.038
0.035
0.034
0.004
11.77
Cd
0.13
0.146
0.135
0.137
0.008
5.97
Fe
0.048
0.039
0.045
0.044
0.005
10.41
Pb
0.014
0.015
0.014
0.014
0.001
4.03
Ni
0.041
0..031
0.036
0.039
0.004
9.18
TABLE 4
Results of instrument precision studies using standard solution of heavy metals mixture (1.00 ppm).
Absorbance
average
standard
for
Absorbance for Absorbance for
CV %
Heavy
deviation
metals
aspiration 1
aspiration 2
aspiration 3
Zn
0.424
0.436
0.383
0.414
0.028
6.71
Cu
0.129
0.116
0.119
0.121
0.007
5.61
Cr
0.063
0.073
0.066
0.067
0.005
7.62
Cd
0.253
0.280
0.270
0.268
0.014
5.10
Fe
0.095
0.102
0.110
0.102
0.008
7.33
Pb
0.033
0.032
0.030
0.032
0.002
4.82
Ni
0.086
0.088
0.081
0.085
0.004
4.24
TABLE 5
Results of instrument precision studies using standard solution of heavy metals mixture (5.00 ppm).
Absorbance
Absorbance
standard
average
for
for
Absorbance for
deviation
CV %
Heavy
metals
aspiration 1
aspiration 2
aspiration 3
Zn
0.000
0.000
0.000
0.000
0.000
0.00
Cu
0.602
0.535
0.581
0.573
0.034
5.98
Cr
0.310
0.300
0.311
0.307
0.006
1.98
Cd
0.457
0.520
0.477
0.485
0.032
6.64
Fe
0.426
0.452
0.431
0.436
0.014
3.16
Pb
0.165
0.156
0.159
0.160
0.005
2.86
Ni
0.408
0.422
0.412
0.414
0.007
1.74
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TABLE 6
Results of recovery studies using silica blank samples spiked with
standard solution of heavy metals mixture.
Metal

Real concentration (ppm)

Average recovery %
(N*=3)

CV%

Cd

0.10
0.50
1.00
0.50
1.00
5.00
0.50
1.00
5.00
0.50
1.00
5.00
0.50
1.00
5.00
0.50
1.00
5.00
0.10
0.50
1.00

90.1±3.2
93.3± 5.8
97.4±4.1
83.4±3.5
86.3±2.6
94.9±1.8
97.6±6.8
96.6±4.7
95.3±5.8
93.3±3.8
93.1±3.2
96.7±4.5
91.1±2.8
90.6±1.4
95.2±2.4
90.1±3.2
93.3± 5.8
97.4±4.1
83.4±3.5
86.3±2.6
94.9±1.8

3.6
6.2
4.2
4.2
3.0
1.9
7.0
4.9
4.9
4.1
3.4
4.7
3.1
1.5
2.5
3.6
6.2
4.2
4.2
3.0
1.9

Cu

Cr

Pb

Ni

Fe

Zn

TABLE 7
Heavy metals concentration (mg/kg) in the studied five Jordan's dams sludge
Average concentration ± Standard deviation (N = 5)
Metal
Zn
Cu
Pb
Fe
Ni
Cd
Cr
Total concentration

Wadi ElArab
158.0 ± 11.9
48.8 ± 4.0
18.8 ± 2.7
1599.3 ± 80.1
103.3 ± 4.3
5.2 ± 0.5
34.0 ± 2.6
1965.4

King Talal
140.5 ± 7.8
29.3 ± 1.5
21.6 ± 0.8
19767 ± 61.3
45.6 ± 2.7
2.1 ± 0.0
12.4 ± 0.5
2228.3

Karaamah
57.3 ± 3.4
3.3 ± 0.5
4.7 ± 0.2
1001.8 ± 42.6
9.4 ± 0.7
3.4 ± 0.2
2.5 ± 0.0
1082.38

Cd concentration range from 1.3 mg/kg (Tannur) to
5.2 mg/kg(Wadi El Arab), and Cr concentration
range from 2.5 mg/kg (Karamah) to 34.0 mg/kg
(Wadi El Arab).
The comparison of the results shows (Table 7)
that the total concentrations of all studied dam sediments ranged between 1082.4 mg/kg (Karamah) and
2228.3 mg/kg ( King Talal dam). Figure 3 shows that
King Talal dam had the highest concentration for all
studied dams, flowed by Wadi El Arab dam. This is
because both King Talal and Wadi El Arab receive
effluent from wastewater treatment plants.
Tables 8 shows a comparison between the heavy
metal results of the Mujib dam from this study with
those of a previous study from Manasreh. et al., [5] .

Mujib
136.9 ± 8.5
24.2 ± 1.4
11.5 ± 0.2
1182.8 ± 39.8
94.5 ± 3.3
1.8 ± 0.0
14.9 ± 0.1
1466.5

Tannur
133.4 ± 5.8
21.12 ± 0.5
11.8 ± 0.04
1174.1 ± 58.1
44.3 ± 2.4
1.3 ± 0.0
11.7 ± 0.2
1397.78

It was found that there is an increase in the concentrations of some heavy metals such as Zn from (87.8)
to (136.9) mg/kg, Cu from (17.9) to (24.2) mg/kg, Pb
from (5.9) to (11.5) mg/kg, and Ni from (42.8) to
(94.5). However some of the heavy metals show a
decrease in their concentrations in the same period,
such as Fe from (15069) to (1182.8) mg/kg, and Cd
from (4.1) to (1.8) mg/kg.
Tables 9 shows a comparison between the
heavy metal results of Wadi El Arab dam from this
study with those of a previous study from Ghrefat. et
al., [3]. It was found that there is a decrease in the
concentrations of some heavy metals such as Zn
from (340.0) to (158.0) mg/kg, Cu from (60.0) to
(48.8) mg/kg, Cd from (9.0) to (5.2) mg/kg. However some of the heavy metals show increase in their
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King Talal

2000
1500
1000

Karamah
King Talal

500

Wadi El Arab

0

Concentration in mg/kg

2500

FIGURE 3
Concentration (mg/kg) of heavy metals in the five Jordan’s dams
TABLE 8
Concentrations of studied heavy metals of Mujib dam (mg/kg) in this study versus those of a previous
study (Manasreh. et al., 2009)
Heavy metal
Previous study
This study
Zn
87.8
136.9
Cu
17.9
24.2
Pb
5.9
11.5
Fe
15069
1182.8
Ni
42.8
94.5
Cd
4.1
1.8
Cr
14.9
Mn
332
concentrations in the same period, such as Fe which
increase from from (1127.0) to (1599.3) mg/kg.

ticides used in agricultural activities, and the effluents. The natural weathering of rocks exposed at the
dam site is considered as an additional source of
heavy metals.
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MOLECULAR CHARACTERIZATION OF JORDANIAN
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gardens for their fruits or even for their aesthetic
value [5, 6].
As Jordan is characterized by its variable
ecosystems, there are many pomegranate cultivars
adapted to different regions in the country. It is
documented that pomegranate inhabited Northern-,
middle-, and southern part of the country [7-10]. The
differences in origin and distribution of pomegranate
cultivars can be manifested in the variation of
pomegranate’s fruit characteristics such as fruit
color, size, and taste as well as, other characteristics
like seed hardness and time to maturity [11-14]. This
variation can fulfill different consumer and
manufacturer preferences. Molecular markers as
random amplified polymorphic DNA (RAPD),
amplified fragments length polymorphism (AFLPs),
as well as inter-simple sequence repeats (ISSR) have
been employed in studying genetic diversity of
pomegranate landraces in Jordan [7, 8; 15-18].
Southern part of Jordan and in particular; Al
Shoubak, Ma’an and their surroundings, is one of the
most important unique centers of pomegranate
biodiversity in Jordan and hosts genotypes that has
not been studied earlier. Therefore, geneticcharacterization studies are needed on these
genotypes to establish certified plant materials of
this region. To this end, the main objective of this
study was to determine the genetic diversity among
Al Shoubak, Ma’an and AL Huseiniya pomegranate
genotypes, and to understand the diversity patterns
among and within these genotypes to increase the
gene pool of this valuable plant and for the
development of a comprehensive breeding and
conservation programs of pomegranate genetic
resources. These efforts if successfully managed
could put Jordan in a leading rank as a pomegranate
producer and introduce the unique genetic resources
of this precious fruit tree to other parts of the world.

ABSTRACT
Southern Jordan, Ma’an region, is one of the
most important pomegranate’s biodiversity centers
in Jordan because its flora is presumablely adapted
to the prevailing harsh environmental conditions of
the region. In this study 19 promising pomegranate
genotypes collected from Ma’an region were
analyzed using RAPD markers. Fourteen RAPD
primers were used, generating a total of 157
fragments, of which 88 were polymorphic (56.0%).
The Polymorphism information content (PIC)
averaged over all loci ranged from 0.44 to 0.71 with
an average of 0.56. UPGMA clustering of the
genotypes showed three major groups. The highest
genetic distance (0.481) was observed between
Ma'an and Al Huseiniya populations and the lowest
(0.429) was detected among Al Shoubak and Ma'an
groups. About 39% of total genetic variation was
detected among groups, whereas 41% of total
variation was observed among populations within
groups. Therefore, the results showed that molecular
characterization using RAPD markers proved to be a
successful tool to determine genetic diversity among
southern Jordan’s pomegranate genotypes. The
resulting data could be added to the existing genetic
pool of this valuable germplasm in Jordan, whereby
proper conservation strategies could be adopted and
where it will be possible to introduce these unique
genetic resources to the world.
KEYWORDS:
Genetic diversity, pomegranate, RAPD, dendrogram

INTRODUCTION
Pomegranate is one of the oldest known fruit
trees worldwide [1]. Regions between Iran to
northern India are believed to be the origin of
pomegranate [2-4]. Wild pomegranate has been
reported in many countries as plants grown in
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FIGURE 1
Map of Ma’an region including areas of Al shoubak,
Ma’an and ALHuseiniya, where plant samples were collected
TABLE 1
List of Pomgranate accessions and their eco-geographic data
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Site
AL shoubak 1
AL shoubak 2
AL shoubak 3
AL shoubak 4
AL shoubak 5
AL shoubak 6
AL shoubak 7
AL shoubak 8
AL shoubak 9
AL shoubak 10
Ma’an 1
Ma’an 2
Ma’an 3
Ma’an 4
Ma’an 5
ALHuseiniya 1
ALHuseiniya 2
ALHuseiniya 3
ALHuseiniya 4

Longitude (E)
035.50967
035.54022
035.54397
035.55793
035.54485
035.57625
035.56190
035.57783
035.56500
035.51223
035.60117
035.59392
035.59750
035.76187
035.74293
035.83033
035.82140
035.79752
035.79650

Latitude (N)
30.41800
30.44110
30.43965
30.49993
30.51930
30.51937
30.52968
30.53298
30.55500
30.49163
30.36430
30.33105
30.32852
30.17985
30.20750
30.59973
30.61742
30.58670
30.59463

Altitude (M)
1581
1538
1551
1421
1395
1328
1289
1163
1152
1333
1299
1323
1309
1077
1107
1039
1033
1063
1067

(GPS GARMIN 12XL, USA) (Table 1). Plant
material consisted of newly growing leaves of
nineteen Jordanian pomegranate genotypes which
were randomly sampled from adult trees of each
cultivar. Leaves were washed in water and frozen at
í
20 °C until DNA extraction process.
Molecular Analysis. Plant material that
consisted of young leaves chosen from disease-free

MATERIALS AND METHODS
Plant Material. Collection missions targeting
pomegranate species were carried out during early
spring 2014 to cover different sites of Ma’an region
(North, South and Central parts) (Figure 1). The
collected species were documented for each site
using a handheld geographic positioning system
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trees of each pomegranate genotype was frozen and
stored at –80°C for later use. Genomic, high
molecular weight, DNA was extracted using Cetyl
Trimethyl Ammonium Bromide (CTAB) from leaf
samples employing the protocol for mini-preps [19].
DNA was detected by gel electrophoresis and its
concentration
was
measured
using
a
spectrophotometer. The final DNA was diluted to 20
QJȝO DQG WKHn stored at - 20°C. The isolated DNA
was checked for purity and quantity using
spectrophotometer [20].
Twenty four RAPD primers were supplied by
Operon Technologies (Almeda, CA, USA). Primers
from sets of OPA, OPB, OPD and OPX were
screened initially with sample-DNA- templates of
pomegranate genotypes. Fourteen 10-mer primers
that resulted in reproducible, will-discrete
polymorphic bands were adopted for DNA
amplification to generate the RAPD markers of the
studied genotypes. Reaction mixtures for RAPD
amplifications were carried out in 10 ml volumes and
consisted of 1 unit of Taq DNA polymerase
(Fermentas, EP0402), 2x PCR Mastermix
(Fermantas K0171), 30 ng of the primer, MgCl2, and
20 ng of myrtle DNA. Mixtures were assembled on
ice, and transferred to a precooled thermal cycler at
4°C.
The amplification reaction were carried out in
Eppendorf using a thermal cycler that was
programmed as the following: 94°C, denaturation
step, for 2 min; then 45 cycles at 94°C for 2 min,
37°C for 1 min, 72°C for 2 min, followed by strand
elongation step at 72°C for 10 min. PCR products
were cooled down to 4°C before analysis.
Agarose gel (1%; w/v) was used to separate
amplification products by electrophoresis at 90 volts
for 1 h using 0.5 μg/ml ethidium bromide in 1x TAE
buffer (40 mM Tris-Acetate, 1 mM EDTA, pH 8.0).
The resulting bands were visualized under UV light
and photographed for further analysis. The
appropriate RAPD amplification patterns were
confirmed by A 1 kb DNA ladder.

Fresenius Environmental Bulletin

RESULTS
Primer selection and amplification. Fourteen
primers were selected for the assessment of genetic
relationships among P. granatum genotypes based
on the number of tested amplification products, the
quality of the profiles, the level of polymorphism
and the reproducibility of bands (Table 2). The
selected primers generated 157 amplified fragments,
with an average of 11.2 fragments per primer for
studied genotypes (Table 2). The size of the
amplified products ranged from 100 to 1500 bp
(Figure 2) and the average percentage of
polymorphism was 56.3% (Table 2). The number of
polymorphic bands per primer ranged from 4 to 10,
with an average of 6.3 (Table 2).
Genetic Diversity Analysis. A dendrogram
generated by the similarity matrix method revealed
genetic relationships among P. granatum genotypes
(Figure 3). The dendrogram revealed three groups.
Group 1 included; Al Shoubak populations (Shobak
1, 2 and 4). Group 2 composed of three populations
from Ma'an (Ma’an 15, 13, and 14) and one
population from Huseiniya (Huseiniya16) regions.
Group 3 composed of 12 populations; three
populations from Al Huseiniya (17,18 and 19); from
Ma’an two populations (11 and 12) and from
Shoubak seven populations (3,5, 6,7,8, 9 and 10)
(Figure 3).
Genetic Structure. Genetic distances among
the three populations showed that the minimum gene
diversity over loci was observed in AL Huseiniya
populations (0.058), while the highest gene diversity
was found in Al Shoubak populations (0.140) (Table
3 and Figure 3). The mean genetic distance among
groups ranged from 0.429 to 0.481 (Table 4). The
highest genetic distance (0.481) was observed
between Ma'an and Al Huseiniya populations and
the lowest (0.429) was detected among Al Shoubak
and Ma'an groups (Table 4). Analysis of Molecular
Variance (AMOVA) among the specified
geographic regions showed that the majority of
genetic variance was found among geographical
groups and relatively low variance was detected
within populations (Table 5). Statistical analysis
showed that while 39% and 41% of total genetic
variation was detected among the assumed groups
and among population within groups, 21% of the
total variation was detected within the population
(Table 5).

Data
Analysis
of RAPD
Profiles.
Polymorphic bands generated by RAPD
amplification were assigned the discrete variable "1"
for their presence and "0" for their absence to
generate a binary matrix. Only reproducible bands
were scored for all the accessions tested. The
dendrogram was constructed using SPSS version 17
software (2008) based on Dice coefficient using
UPGMA method. Gene diversity and analysis of
molecular variance (AMOVA) were calculated
among Jordanian populations using Arlequin version
3 software (2005).
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TABLE 2
RAPD-PCR primers used in fingerprinting of P. granatum genotypes
Primer
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Total
Average

Primer
code
OPA-01
OPA-03
OPA-04
OPA-05
OPA-06
OPA-9
OPA-10
OPA-12
OPA-13
OPB-01
OPB-04
OPD-04
OPB-06
OPX-07

Sequence
(5’
3’)
CAGGCCCTTC
AGTCAGCCAC
AATCGGGCTG
AGGGGTCTTG
GGTCCCTGAC
5'GGGTAACGCC3’
GTGATCGCAG
TCGGCGATAG
CAGCACCCAC
GTTTCGCTCC
GTTTCGCTCC
TCTGGTGAGG
ACCTGAACGG
GAGCGAGGCT

Number of score- able
bands
19
15
13
12
7
13
11
9
13
10
9
6
12
8
157
11.2

Number of polymorphic
bands
10
9
6
6
5
8
5
5
7
7
4
4
8
4
88
6.3

20 19 18 17
1 16
1 13
1 12
1 10
1 9 8 7 6 5 4 3 2 1
1 15 14
1 11

Polymorphism
(%)
52.6
60.0
46.2
50.0
71.4
61.5
45.5
55.6
53.8
70.0
44.4
66.7
66.7
50.0
56.3

bp
1500
1000
900
800
700
600
500
400
300
200
100

FIGURE 2
RAPD finger prints profile of the nineteen pomegranate genotypes using RAPD primer OPA-01. From
right to left: Lane 1: DNA ladder1,500 bp, Lanes 2 to 11: genotypes from AL Shoubak; Lanes 12 to 16:
genotypes from Ma’an; Lanes 17 to 20: genotypes from ALHuseiniya
TABLE 3
Basic gene diversity information of P. granatum populations
in three locations at Ma’an district south of Jordan
Statistics
No. of gene copies
No. of loci
No. of usable loci
No. of polymorphic loci
Expected heterozygosity
Average gene diversity over loci

Al Shoubak
10.0
228
96
26
0.127±0.03
0.140

11764

Ma'an
10.0
228
340
82.0
0.117±0.01
0.114

Al Huseiniya
10.0
228
214
16
0.029±0.02
0.058

© by PSP

Volume 29 – No. 12A/2020 pages 11761-11767

Fresenius Environmental Bulletin

TABLE 4
Matrix of genetic distances among pomegranate populations
Populations
Al Shoubak
Ma'an
Al Huseiniya

Al Shoubak
0.000
0.429
0.475

Ma'an

Al Huseiniya

0.000
0.481

0.000

TABLE 5
Analysis of molecular variance among and within populations of Jordanian P. granatum
at Ma’an district south of Jordan
Source of variation

d.f

Mean of
squares
34.27
18.3437

Variance
components
1.7421
2.1231

Percentage of
variation
38.61
40.9

p-value

2
3

Sum of
squares
68.54
55.031

Among groups
Among population within
groups
Within population
Total

18
23

46.412
169.983

2.5784
7.3906

1.285
4.9611

20.5

<0.001

<0.001
<0.001

pomegranate producers in the world if these genetic
resources are managed and utilized efficiently.
The most variable population was in Al
Shoubak as it is evident from the first cluster
(Figure 3). There were close associations with some
populations collected from Shoubak as existed
between accessions (7 and 8) and (6 and 10) which
are grouped in the third cluster. The accessions 19
and 17 from Huseiniya had a close association as
shown from the third cluster. However, this variation
is unique within a relatively small area. Main
clusters were divided into sub-clusters that contained
accessions from different localities as for example
what can be seen in the third main cluster which is
divided into two sub-clusters. The first sub-cluster,
also a branched one, included accessions that are
mostly from Shoubak (3, 5, 6, 7, 8, 9, and 10),
besides one accession from Ma’an (11). The second
sub-cluster has grouped three accessions from
ALHuseiniya (17, 18, and 19) in addition to one
accession from Ma’an (12). These results indicated
that the geographical distribution of pomegranate
accessions did not correspond well with the genetic
structure of the studied genotypes. This variation
could be the outcome of the old cultivations of
genotypes from different localities at southern
Jordan as indicated by the continuous distribution of
diversity in the studied district [23]. The noted lack
of
correspondence
between
geographical
distribution of pomegranate genotypes and their
clustering based on morphological or molecular
bases is reported earlier in other countries as Tunisia
and India [17, 25; 26]. Another perspective of the
study suggested a far affinity of Shoubak
populations 2, 4 and 1 to the studied pomegranate
genotypes in Ma’am district, where they can be
marked as unique accessions among these collected
from the south of Jordan.

FIGURE 3
Dendrogram of P. granatum populations
collected from different locations
in Ma’an district south of Jordan.

DISCUSSION
It is crucial to identify the genetic relationships
of pomegranate genotypes in southern Jordan to
implement a conservation and sustainable utilization
of this economic crop. Food security for future
agricultural development is in need for conservation
and use of these unique genetic resources. High
variation was detected within and among the studied
pomegranate populations which indicate that the
southern part of Jordan hosts a rich pomegranate
genetic resources (Figure 3; Table 5). These
resources adapted scarcity of water and harsh
ecosystems, such as low soil fertility, low and erratic
rainfall and inadequate and improper use of
fertilization [21, 22].
Pomegranate is one of the important
indigenous economic crops in the fertile crescent
[23, 24]. The presence of this variation within
studied genotypes has identified a unique genetic
treasure of pomegranate biodiversity and their use by
future generations. Jordan may be one of the main
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[8] Owais, S.J., Abdel-Ghani, A.H. (2016) Evaluation of genetic diversity among Jordanian pomegranate landraces by fruit characteristics and
molecular markers. Int. J. Agric. Biol. 18, 393402.
[9] UNDP. (2001) The Hashemite Kingdom of
Jordan. Conservation and sustainable use of
biological diversity in Jordan. First National
Report,
Amman.
Available
on line:
http://moenv.gov.jo/En/EnvImpactAssessment
Studies/Documents/biodiversity%20strategy%
20and%20action%20plan%20pdf.pdf (accessed
on 26 June 2019).
[10] Oran, S.A. (2015) Flora of Bader Al-Jadida
county, western high mountains of Amman
city/Jordan. Int. J. Herb. Med. 3, 49-59.
[11] Zamani, Z. (1990) Characteristics of Pomegranate Cultivars Grown in Saveh of Iran (in
Farsi), M.Sc. Thesis, University of Tehran,
Tehran, Iran.
[12] Barone, E., Caruso, T., Marra, F.P., Sottile, F.
(2001) Preliminary observations on some
Sicilian pomegranate (Punica granatum L.)
varieties. J. Am. Pomol. Soc. 55, 4–7.
[13] Sarkhosh, A., Zamani, Z., Fatahi, R., Ebadi, A.,
Tabatabaei, S.Z., Akrami, M.R. (2006) Study on
relationships among quantitative and qualitative
characters of fruit components of pomegranate
genotypes. Acta Hortic. 818, 233–238.
[14] Sarkhosh, A., Zamani, Z., Fatahi, R., Ranjbar,
H. (2009) Evaluation of genetic diversity among
Iranian soft-seed pomegranate accessions by
fruit characteristics and RAPD markers. Sci.
Hortic. 121, 313–319.
[15] Ercisli, S., Kafkas, E., Orhan, E., Kafkas, S.,
Dogan, Y., Esitken, A. (2011) Genetic
characterization of pomegranate (Punica
granatum L.) genotypes by AFLP markers.
Biol. Res. 44, 345-350.
[16] Hasnaoui, N., Mars, M., Chibani, J., Trifi, M.
(2010) Molecular polymorphisms in Tunisian
pomegranate (Punica granatum L.) as revealed
by RAPD Fingerprints. Diversity 2, 107-114.
[17] Narzary, D., Mahar, K.S., Rana, T.S., Ranade,
S.A. (2009) Analysis of genetic diversity among
wild pomegranates in Western Himalayas, using
PCR methods. Sci. Hortic. 121, 237-242
[18] Durgaç, C., Özgen, M., Simsek, Ö., Kaçar,
<$.Õ\JD<dHOHEL6*QG].6HUoH
S. (2008) Molecular and pomological diversity
among pomegranate (Punica granatum L.)
cultivars in eastern Mediterranean region of
Turkey. Afri. J. Biotechnol. 7, 1294-1301.
[19] Dellaporta, S.L., Wood, J., Hicks, J.B. (1983) A
plant DNA minipreparation: version II. Plant
Mol. Biol. Rep. 1, 19-21.
[20] Sambrook, J., Fritsch, E. F., Maniatis, T. (1989)
Molecular cloning: a laboratory manual. 2nd
ed., Cold Spring Harbor, N.Y.

CONCLUSIONS
The resulted data portrayed the advantages of
RAPD in exploration of pomegranate polymorphism
at DNA level. These results are in harmony with
earlier reports [16, 18]. Also, these findings show the
need for further research on a national base utilizing
different markers in future studies such as SSR or
AFLP that can reveal genetic diversity among
closely related pomegranate cultivars [15; 27]. The
upcoming studies could reveal the domestication
nature of pomegranate in Southern Jordan in relation
to other parts of the country. This together with the
study of the plant morphological features in addition
to the chemical and physical analyses of fruits of
genotypes collected from different regions in Jordan
could provide up-to-date data on the advantageous
attributes that Jordanian pomegranates could have.
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ABSTRACT

INTRODUCTION

As in many cities in the Arab World, urbanization and fast population growth exacerbate water
supply situation in the Greater Amman Area (GAM)
– Jordan. To evaluate the potential contribution of
rooftops rainwater harvesting from hotels sector in
the GAM, the potential volume of harvested water
was computed based on 29-year rainfall dataset.
When comparing the resulting rainwater harvesting
potential with yearly water consumption in hotels
sector, up to 37.2% of their annual water use can be
provided by the harvested water. However, variations of rainfall patterns in the study area may create
uncertainty to collecting enough water for good coverage during dry months which extends from May
through September. Despite the low replacement
(0.7%) of water supplied to the GAM, the harvested
water from hotels in (GAM) will enable hotels’ management to use it in landscaping, filling the swimming pools, and cleaning. Furthermore, hotels managers or owners may have a tendency toward implementing rainwater harvesting measures in the coming days or years. Thus they act as frontrunners of
information dissemination regarding rainwater harvesting measures to other public and private institutions (schools, hospitals, malls, mosques, and
churches). To narrow the gap of hotels water needs,
rooftops rainwater harvesting should be considered
as a supplementary water supply source for hotels
sector in the GAM. Because this study assumed
some sort of financial hurdles to install water storage
tanks, the present study is recommending a governmental funding programs that may encourage hotels
owners adopting rainwater harvesting measures.

Water is a vital resource for human needs in Urban and Rural settlements in developing countries
[1], Arab countries in general, and in Jordan in particular [2], in light of surface and groundwater
sources are dwindling because of accelerated population growth, and urban expansion horizontally and
vertically in recent decades [3]. At Global level,
Seckler et al. [4] predicted that by the year of 2025,
nearly one – third of developing countries will face
water scarcity. His prediction was refuted by a
United Nations Millennium Development Report
[5], in which it was indicated that the percentage of
developing countries without access to safe drinking
water estimated to be 9% in 2015 compared with
24% in 1990.
The Greater Amman Municipality (GAM), the
capital of Jordan, a centre of many public and private
establishments (Hotels, schools. Hospitals, Malls,
etc.), and a home of around 40% of the country’s
population [6]. The population of the (GAM) is estimated to be around four million in 2019, accompanied by increasing new hotels, which is leading to a
significant increase in the water demand. Hotels are
among the largest water consumers in the GMA.
Rooftop rainwater harvesting will lead to a considerable amount of the collected rainwater to supplement
hotels’ water needs during summer months, and save
money throughout adopting the best rainwater harvesting practices. The harvested rainwater can be
used for laundry, cleaning, swimming pools, and
landscaping.

THEORETICAL BACKGROUND
KEYWORDS:
Greater Amman Municipality (GAM), Jordan, Rainwater
harvesting, Hotels.

A number of studies investigated rainwater harvesting as a supplementary water supply source in
developed and developing countries. Among the developed countries implementing rainwater harvesting measures were the United States of America [7],
the United Kingdom [8, 9], Germany [10], and Australia [11]; while examples of developing countries
who adopted rainwater harvesting were Kenya,
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FIGURE 1
The study area (GAM) location
rainwater harvesting from public and private institutions including hotels in urban areas [20], although
most of such studies highlighted rainwater harvesting from beaches [21, 22] and resorts [23]. Since hotels can play a crucial role in implementing rainwater
harvesting activities. Hotels managers and/or owners
must be aware of water shortage problems that exist,
and may lie ahead [24, 25], because hotels require
large volumes of water to cover the needed water for
hydrants, laundries, swimming pools, and gardens
[26, 27].
It has been seen from the foregoing presentation of previous studies on the global and local levels, systems and techniques of harvesting rainwater
are of great importance in contributing effectively to
mitigate the deficit of water supply and fulfil the hotels different needs. Therefore, the problem of the
study is to reveal the possibilities of harvesting (collecting) rainwater from the rooftop of hotels in the
GAM, and to determine the percentage of the total
needs of hotels would be covered by water harvested
from their rooftops.

Tanzania, Togo, Mali [12], Jordan [13 – 15], Sudan
[16], Saudi Arabia [17], and Iran [18].
Despite rainwater harvesting being wildly
adopted in the Middle Eastern Countries, some obstacles exist. One major barrier stands in front of
adopting rainwater harvesting measures is the lack
of funds, which would impede efforts of implementing rainwater harvesting projects in the region.
Moreover, institutions’ financial independence
would be advantageous. Thus, large hotels may provide a quite large water yield, also their owners or
managers may serve as frontrunners in rainwater
harvesting adopters to other public and private establishments in the GAM, as it was happened in Japan
[19]. The financial real challenge to wide spread of
rainwater harvesting measures in the Middle Eastern
countries fall at the centre of unreliable erratic rainfall, and the lack of commitment of water decision
makers toward the adoption of water harvesting activities.
Globally, increasing concerns over water shortage have given rise to a number of studies evaluating
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FIGURE 2
Water supply sources to Greater Amman Municipality (GAM).
Therefore, this study attempted to answer the
following questions - :
1. What is the volume of rainwater expected
to be harvested or collected from rooftop
of hotels in the GAM?
2. What percentage of the harvested rainwater may contribute to the hotels water consumption?
The importance of this study lies in the fact that
it benefits the design engineer in designing inexpensive and effective water harvesting systems, so that
they can be adopted and installed in all hotels; also
the study’s results might be useful for determining
the optimal and appropriate size of rainwater harvesting tanks in hotels, so that over-sized collecting
tanks must not be installed.
Also, the importance of the study is to shed
light on the possibility of practicing rainwater harvesting measures by hotels owner/managers in the
GAM, who face problems of insufficient water supplies during dry summer months. Consequently, they
have been obliged buying water from water vendors
at a high cost. This situation may enhances the attractiveness of adopting and activating various ancient and modern water harvesting techniques. This
is confirmed by Arthur’s study[28].Arthurargued
that there is the possibility of merging human experience related to water harvesting methods dating
back thousands of years with modern technologies
for the effective use of rainwater at the beginning of
the twenty-first century.

MATERIALS AND METHODS
The Study Area. The present study was conducted in the Greater Amman Municipality (GAM),
the capital of Jordan, which is located in the Amman
Governorate (Fig. 1). Its total area is 800.5 km2 [29],
with a population 3894291, which growing at annual
rate of around 4% [30]. The climate of the GAM is
dry and warm in summer, and rainy and temperate in
winter months. The Western and Northern parts of
GAM have an average annual rainfall of 460 mm
[31, 33].
The Greater Amman Municipality has been
supplied with 193.8 million m3a year, around 37% of
which is considered as unaccounted quantities (water amounts lost because of leaks and illegal connections) [32]. Water supply sources for the GAM
comes from groundwater sources mainly from the
Disi Aquifers in the southern part of Jordan, in addition to transferring a limited quantity from King
Abdallah Canal in Jordan Valley to Zai Station near
Salt to be treated and transmitted to the western part
of the GAM (Fig. 2).
However, in years before Corona pandemic
spread since the start of 2020, owing to the increased
numbers of tourists who came to Jordan, the available water supply was not enough to keep up with hotels water needs.
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FIGURE 3
Hotels distribution in the Greater Amman Municipality
P= m/N+1
Where:
P: Probability of each annual rainfall value
N: Number of years in the time series
M: Rank of the annual rainfall rate value in relation
to all values included in the time series.
4. Determine the length of the return period by
using the following probability reciprocal equation:
T= 1/P
Or through the following equation - :
T= N+1/m
Where
T: Represents the length of the return period (in
years)
N: The number of years in time series used in the
analysis.
M: The rank of the annual rainfall rate value in relation to all the annual rainfall values included the data
series.
5.Three values of annual rainfall with three return periods were used to calculate the volumes
of rainwater that could be harvested or collected from roof tops of hotels.
6. Computing the quantities of rainwater that
can be harvested from rooftops by applying
the following equation [36-38]:
MARWH= R*A*C

Data and Method. Hotels in all its categories
(five, four, three, two, and one stars) in the GAM
were identified from records of Ministry of Tourism
& Antiquities in Jordan [34]. Data set regarding total
rooftop areas of hotels were obtained from the General Statistics Department. The total roof top area of
identified hotels in GAM were utilized to compute
the potential rainwater harvesting from rooftop hotels in the study area.
The rainfall data considered in this study were
recorded at two weather stations (Al-Jubeiha and
Wadi Al-sir). The two weather stations are located in
the western – northern part of the study area where
most hotels are located (Fig.3). Rainfall data (1990 2018) [33] of GAM collected by the department of
Meteorology – Jordan processed statistically to produce reliable averages for three return periods (1, 3,
and 5 years).
To estimate the return periods for the rainfall
data, the following steps were followed:
1.Arranging the annual rainfall values in descending order.
2. Assign a rank for each value of the annual
rainfall rates according to their sequence, the highest
value takes the rank No (1) .and the lowest takes the
rank No .... (2) .and so on until the end of the data
series.
3. Calculate the probability of each annual rainfall value using Weibull’s equation [35]
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TABLE 1
Quantities of rain water that can be harvested from rooftops of hotels in the GAM.
T
(length of the return
period/years)

R
(Average
Rainfall/mm)

A
(Total Areas/m2 of Hotels)
in the GAM× 103

Total quantities of
rainwater harvested
from roof top hotels/m3)× 103

Percentage of rainwater
harvested quantities from
annual consumption
in hotels (%)

T= 1year
T= 3 years
T= 5 years

173.3
531.9
603.5

724.731
724.731
724.731

77.369
327.661
371.768

7.7
32.7
37.2

ble (1). It is clear from Table (1) that the annual contribution of the rooftops harvested rainwater
amounts to 7.7%, 32.7%, and 37.2% for one year,
three years, and five years return periods respectively. The harvested rainwater quantities from hotels rooftop in the GAM (at rainfall average of 603
mm with 5 years return period, amount to 371,768
m3, such harvested quantity would replace 37.2% of
total water consumed by hotels (999,629m3 in 2019)
in the GAM [34]. Whereas the minimum quantity of
water harvested in one year return period of rainfall
(173.3mm) would be 77,369m3, which may replace
7.7% of their total water needs. However, it should
be taken into consideration the possibility of water
leaks from the storage tank is likely to reduce the
volume of harvested water. From pure speculative
point of view, it is expected that a quite limited number of large of hotels can replace more than 60% of
their water needs. While other hotels may not replace
a high percentage of their total water use due to their
limited financial capabilities to installing appropriate
large harvesting systems [35, 36, 37, 40].
The rather high coefficient of variability in
yearly rainfall during winter season in Jordan from
October until March, points to unreliable conditions
for rainwater harvesting and no guaranteed for collecting a sufficient amount of rainwater. However,
when rainfall conditions are better in winter months,
a large quantity of harvested water would be attained, and a replacement of high percentage of water use will be achieved [38, 39, 40, 41].
Regarding the potential of the transfer of harvested rainwater from winter wet months to the summer dry months, this relies certainly on the storage
tank size installed in every hotel, and on the financial
capabilities of the hotels owners to install large storage tanks. The investment power of five and four
stars hotels is higher than the owners of one star. But
rainwater harvesting from rooftops of hotels remains
a mitigation measure for frequent water shortages
during summer months.
The present study estimated the potential of
rainwater harvesting from only hotels’ rooftops
(suits and furnished apartments are excluded) as
owners or managers of hotels assumed to be frontrunners to bring other large public and private establishments in rainwater harvesting practices. This
study argues that for large hotels in installing larger
sized storage tanks, this might not be a problem since
they expect long-term returns on their investments.

Where:
MARAH: Mean annual rainwater harvesting (m3)
R: mean annual rainfall (mm)
A: Catchment areas of the hotels(m2)
C: Runoff coefficient: its value ranges between 0.80
to 0.9 for building's roof top constructed from concrete cement materials [37].
Therefore, the mean annual rooftop rainwater
harvesting was calculated by multiplying roofs areas
of hotels in GAM with mean annual rainfall (with
return periods of 1, 3, and 5 years) and the runoff
coefficient of 0.85 was employed to account for
evaporation loss and a possible first flush of the rooftop.
Water Consumption Data. To determine the
potential contribution of the rooftop rainwater harvested as a percentage of the total water consumed
by hotels from the Public distribution system, water
consumption data were obtained from records of
Meyahona in Amman [39] as a supplier company to
GAM and other areas in Jordan. Such data were utilized to define the importance of the potential harvested water as a supplementary water source that
can be used during dry summer months.

RESULTS AND DISCUSSION
Return periods (1,3 and 5 years) of annual rainfall statistics provide the basis for estimating quantities of rainwater harvested from hotels in the study
area. It should be noted that the highest annual rainfall amount was recorded in 1992/1993 was 965 mm
in the western – Northern part of the GAM [33]. This
seasonal rainfall figure is indicating a considerable
increase of about 143% of the long term rainfall average in this part of the study area.
Variations in the total rainfall values for the period 1990 – 2018 was 44.1%, with such coefficient
of variation value, it reflects a rather unstable rainfall
patterns. It is clear that the highest annual recordings
are not the most recent. The Wadi Al-Sir weather station recorded 980.3 mm in 1992/1993, while 173.3
mm was recorded at the same weather station
in2017/ 2018.
The computed quantities from hotels rooftops
harvested rainwater to fulfil water needs of the GAM
hotels during dry summer months are shown in Ta-
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the harvester water from hotels rooftop can replace
up to 0.7% of the potable water supply. In General,
the present study showed that the capability of hotels’ mangers or owners to take the role as frontrunners in practicing rainwater harvesting is promising.
Based on results of this study, it is recommended an
exploration of hotels’ owners/managers tendencies
toward practicing rainwater harvesting and water rationing in future research. In addition, future research should focus on the cost-benefit dimension of
rainwater harvesting systems, and should be investigated as they may affect the adoption of rainwater
harvesting in hotels. Also, the present study highlighted that providing financial funds to hotels by the
Ministry of water & Irrigation and the Ministry of
Tourism & Antiquities may encourage hotels owners
efforts of water harvesting activities.

Generally, quantities of future harvested rainwater from rooftops of hotels in the GAM may contribute to minimize their water bills especially in
summer months, as the existing increasing block rate
structure determined by Water Authority of Jordan.
Meyahuna company in GAM reported that the price
of each cubic meter of water supplied to hotels is
2.16 Jordanian Dinar (including costs of sanitation).
This means by harvesting 327,661 m3throughrainwater harvesting activities, it will save around
1,035,408 JD every year. In addition, rainwater harvesting from the GAM hotels could reduce over
pumping groundwater wells outside Amman from
which water transmitted from them to Amman.
Therefore, as a quite large quantities of harvested
rainwater from hotels as it is estimated in the present
study, groundwater sources will remain a reserve for
the drought years [36, 37, 38].
Guidance on the installation of rainwater harvesting systems should be provided by the Ministry
of Water and Irrigation to sustainably utilize harvested rainwater from hotels sector as an alternative
supply source [37, 38, 39]. The Ministry of Tourism
and Antiquities and the Water Authority of the Ministry of Water and Irrigation should stimulate the
adoption of rainwater practices by hotels’ managers
or owners in Amman. Ministries of Water & Irrigation and Tourism and Antiquities should help funding the hotels’ owners with installation of water harvesting systems costs on the basis of covering 50%
of the installation costs. Similar to what the Ministry
of Energy and Mineral Resources did in funding solar energy projects.
Water quality of the harvested water and the
technical considerations of the storage tanks size
should be investigated in future research, because
these aspects of rainwater harvesting determine the
potential contribution of hotels water needs.
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RESEARCH ON ECOLOGICAL LANDSCAPE
CONSTRUCTION BASED ON ECOLOGICAL THEORY
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Landscape architecture, Academy of Arts, Xi’an University of Architecture and Technology, Xi’an 710055, China

ABSTRACT

MATERIALS AND METHODS

As an important part of Chinese national art,
Huizhou art plays an important role in the
inheritance and development of Chinese culture.
This study takes Huizhou architectural culture as an
example, with Huizhou art as the starting point,
points out the connotation and value of Huizhou
ecological landscape, and studies the influence of
regional culture in the ecological landscape
construction. From the perspective of ecological
landscape design, this paper analyzes the current
situation and application of Huizhou art in the design
of Huizhou ecological landscape.

Regional Culture in Ecological Landscape
Design. Regional culture is a cultural unit within a
designated region, combined with the surrounding
environment of the region, and different from other
cities or other regions. It is a comprehensive
reflection of the humanistic economy, cultural
development and existing culture in Chinese
mainland [3-4]. Regional culture takes a long time to
come into being and needs slow time to precipitate.
In the ecological landscape design, regional culture
is organically combined with landscape culture and
ecological concept, which is mainly embodied by
protecting environment, reasonably allocating
resources and protecting the stable development of
existing culture. In the ecological landscape design,
the regional culture is different from other cities or
regions, and is characterized by its independence.
This is mainly because the area of regional culture is
relatively fixed, and the influencing factors are
relatively single, mainly due to the impact of the
constantly changing new environment around the
region. Ecological landscape design should be based
on regional culture, and the selection of plants is
limited by local natural characteristics, so the design
of architecture in landscapes should also be
combined with local regional culture. Using regional
natural environment and human factors, the theme of
landscape design is displayed by the design method
of integrating ecological concept and cultural
characteristics. With the continuous development of
society and the guarantee of people's material life,
people are increasingly pursuing spiritual
enjoyment, cultural enjoyment and conceptual
enjoyment, requiring the landscape design with
ecological value and cultural value.
Garden
landscape can inherit traditional culture and
environmental protection concept, propaganda spirit
culture at the same time, which plays an extremely
important role in the social development nowadays.

KEYWORDS:
Regional culture, Ecological landscape, Huizhou art,
Landscape design

INTRODUCTION
Huizhou, as a vital historical and cultural cradle
in ancient China, has played a crucial role in the
development and inheritance of culture in the long
history. Hui culture with rich connotation [1-2]
absorbs the essence of diversified knowledge and
involves various fields. Among them, Huizhou
ecological landscape is a specific manifestation of
Hui culture. Huizhou ecological landscape shows the
humanistic idea of Huizhou people. The landscape
design skillfully integrates various cultural elements
of Huizhou, making the Huizhou landscape form a
unique style. In the design of Huizhou ecological
landscape, designers pursue the realm of "harmony
between man and nature", that is, the harmonious
integration of nature and landscape, which is also
designed in combination with the characteristics of
Huizhou people's preference for mountains and
rivers, and their preference for building houses near
mountains and rivers. The design of Huizhou
ecological landscape is not only a display of
creativity and artistry, but also an inheritance and
development of Huizhou culture and Chinese
culture.
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ecological landscape with characteristics. The
regional social and cultural background determines
the formation of Huizhou art [8-9], which allows the
ecological landscape design to integrate more
humanistic and folk interests, promote the aesthetic
emotional experience, and fully integrate the moral
ethics and nature. It not only endows the plastic arts,
but also absorbs the fine traditions of the Central
Plains culture.

RESULTS AND DISCUSSION
Common Attributes of Regional Culture
and Ecological Landscape Design. Based on
Natural Environment. Natural environment, as
compared with the social environment, refers to the
environment formed by natural things such as water
and soil, climate, topography and geomorphology.
The differences in natural environment such as
sunshine, climate, humidity and temperature will
lead to different styles of ecological landscape
design, forming unique ecological landscape with
regional representation [5-6]. According to the
topography as the carrier of landscape design, with
plants adapting to the climate, let the natural
geographical environment run through the whole
process, is the basis of ecological landscape design.
Huizhou art created by human beings is inevitably
influenced by the local natural environment. White
walls, black tiles, overhanging eaves and horseheaded walls are all unique architectural arts of
Huizhou. Relief sculpture, penetrated sculpture,
round sculpture, front-and-back sculpture and
hollowed-out sculpture and other Huizhou carvings
can be used singly or in combination, with novel and
unique materials and exaggerated layout, and the
creative themes are closely related to the local
natural and geographical environment. In short, the
natural geographical environment is an important
element of modern landscape design, and it is also an
essential part of Huizhou art.

Aiming at Harmonious Coexistence between
Man and Nature. Modern ecological landscape
design pays attention to geomancy and regards
respect for nature as the premise, advocates that man
and nature live in harmony and form a benign
ecological system of harmonious coexistence
between man and nature, which is the embodiment
of the concept of "harmony between man and nature"
[10]. The design intention in most Huizhou art
includes the summary of life and nature. People
integrate and seek for natural feelings and express
their love for nature and life.
Analysis on the Connotation and Value of
Huizhou Ecological Landscape. Connotation of
Huizhou Ecological Landscape. With its unique
charm, Huizhou ecological landscape perfectly
integrates the local natural landscape and humanistic
features [11-12]. In the design process, in order to
pursue the harmony between nature and landscapes,
reach the realm of "harmony between man and
nature", designers integrate the mountain and river
elements of natural landscape, which is also the best
embodiment of Huizhou people's preference for
mountains and rivers, and building houses near
mountains and water. In the Huizhou ecological
landscape design, the roof is more designed as
sloped roof. This is not only adapted to the abundant
rainy weather in the local area, but also unique in
aesthetics. The sloped roof has a

Referring to Regional Cultural System. The
design of ecological landscape (as shown in Figure
1) and the modeling idea of Huizhou art come from
the local deep-rooted social and cultural thought [7].
Different regional cultures, customs, cultural
concepts,
social
concepts
and
aesthetic
consciousness have great differences in the design
style, leading to the emergence of regional

FIGURE 1
Appearance of Ecological Landscape Design
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distinct and well-organized design sense. In terms of
color application, in order to highlight the freshness,
elegance, beauty and simplicity of the landscape,
Huizhou landscape designers tend to use the simple
and pale tones mainly in gray and white. Huizhou art
occupies an important position in Chinese art and
culture. It integrates multiple cultural essences and
has distinctive style characteristics, as shown in
Figure 2. In this case, Huizhou ecological landscape
is often more integrated with the characteristics of
Huizhou art. Some of the interior of Huizhou
ecological landscapes have elegant art decoration
and art patterns, which is the best embodiment of art
integrating into the ecological landscape and the
spiritual connotation of Huizhou art. Through the
combination of art and landscape design, not only
can the artistry and aesthetic feeling of Huizhou
ecological landscape be improved, but also a good
artistic and cultural atmosphere of landscape can be
created, which has profound significance in the
development of landscape art and the process of
cultural transmission [13].
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diversifies the content and themes developed, thus
driving the local tourism industry. In terms of
aesthetic value, landscape designers are constantly
exploring new artistic forms of expression, making
use of cultural and natural advantages and people's
yearning for "root", striving to find diversified
development paths, absorbing more rich cultural
contents, integrating them into landscape design, to
improve the visual effect and cultural value of
landscape, satisfy people's spiritual overture to
culture, and ensure that landscape will not show
"homogenization".
Application of Huizhou Art in Huizhou
Ecological Landscape Design. Cultural Attribute.
In the diversified Huizhou art, the external cultural
expression forms and the internal spiritual
inheritance are perfectly integrated, which contains
material culture and non-material culture [16-17]. In
terms of material culture, i.e. the expression form of
outer buildings, Huizhou art has absorbed the
experience and essence of many forms of artistic
design aesthetics, extracted them, and then
integrated into local humanistic and natural feelings,
which can be fully applied in design. The designed
artwork has rich cultural details and national
characteristics, thus satisfying people's "rootseeking" feelings. In the design of modern Huizhou
ecological landscape, the characteristics of exquisite
decoration, distinct layers, unique style and close to
the mountain and water in ancient Huizhou
architecture are often inherited (as shown in Figure
3). In addition, the unique geographical environment
and natural environment in Huizhou make it
integrating more natural and humanistic attributes in
conception and design, and pursuing the harmonious
integration of natural landscape and humanistic
architecture [18]. In the aspect of non-material
culture, the spiritual inheritance of

Analysis on Value of Huizhou Ecological
Landscape. Modern ecological landscape not only
provides a place for people to enjoy and relax, but
also contains rich cultural expressions and cultural
connotations, which is of great significance to
cultural exchange and spread [14].
In terms of cultural value, Huizhou ecological
landscape is infused with Huizhou art, culture,
vitality and soul, and embodies the harmony of
humanity, nature and society. It is not only an
important carrier of cultural transmission, but also a
priceless treasure of national culture [15]. As for
economic value, due to the perfect integration of
Huizhou artistic elements and architectural design,
coupled with its unique historical culture, Huizhou
ecological landscape endows the garden landscape
with more vitality and unique temperament,

FIGURE 2
Huizhou Ecological Landscape Design
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Huizhou art occupies an extremely vital part. The
ecological concept contained in this architectural
concept, namely "harmony between man and nature,
near mountain and water", shows extremely
scientific and avant-garde ideas in the ecological
landscape design, which coincides with the
ecological planning concept of modern architecture,
undoubtedly indicates the correct ecological
concept, namely, harmonious coexistence between
man and nature.
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Huizhou art, which leads to many ecological
landscapes being "similar in shape but unlike in
spirit", incompatible with cultural atmosphere and
simply piling up and duplicating design. In the long
run, people's aesthetic feeling will be greatly reduced
and the spread of culture will be greatly affected.
Lack of Spirit of the Times. The spirit of the
times is the key point of a work of art. A work of art
without the spirit of the times is an empty shell
without soul. At present, most of the ecological
landscape design lacks the idea of keeping pace with
the times, the new elements of the times, the
innovation, but merely pursues tradition, blindly
imitates ancient ways, coupled with some traditional
ingrained design ideas, resulting in the lack of
aesthetic feeling of the times in the ecological
landscape design, which will eventually be
eliminated. Therefore, the ecological landscape
design should inject more elements of the new era
while injecting traditional culture so as to maintain
vigorous vitality.

Status Analysis. At present, there are some
defects and deficiencies in the application of
Huizhou art in ecological landscape design. For
example, the designer's single idea, insufficient
excavation of regional culture, and the lack of
integration of the spirit of the times.
Single Design Idea. Creativity is an
indispensable attribute of a perfect artwork [19]. The
creative approach of the designer determines the
uniqueness of the work. If it is just a simple copy,
this is not a work of art. At present, some of the
Huizhou ecological landscape design just lacks
creativity and the theme of design. Many of them are
just copying processes and repetitive stacking, which
can only be said to be products, not works of art. In
the long run, it will inevitably lead to the lack of
people's aesthetics, the waste of resources and the
disappearance of cultural trust.

Specific Application. Huizhou ecological
landscape design is full of Huizhou art, and the wide
application of Huizhou folk culture in Huizhou
ecological landscape design is the best embodiment.
Under the rich and substantial life, the handicraft
industry development such as bamboo weaving
technology, brush, ink, paper, ink-stone, and music,
chess, calligraphy and painting, etc. has reached new
heights [20]. In the decoration of these folk arts and
crafts, Huizhou ecological landscape not only
improves the ornamental value, but also promotes
folk culture to a greater extent. The folk art of
Huizhou root carving bonsai (as shown in Figure 4)
is arranged in the elegant courtyard and in the lotus
pond with moonlight. The arrangement and stone
carving echo the space effect, giving people a fresh
and elegant feeling.

Insufficient Excavation of Regional Culture.
In the design of Huizhou ecological landscape, as for
the excavation of cultural resources, the classical
landscape design has incorporated a great deal of
cultural atmosphere, while in the design of modern
ecological landscape, the excavation of cultural
resources and the absorption of culture are far from
enough. Most ecological landscape design only
pursues aesthetic feeling and uniqueness, but it is not
enough to integrate cultural atmosphere including

FIGURE 3
Appearance Design of Ancient Huizhou Architecture
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FIGURE 4
Huizhou Root Carving Bonsai

.
FIGURE 5
Huizhou Three Carvings
Spatial structure is another application of
Huizhou art in landscape design. Ancestral halls,
courtyards, memorial archways and ancient
dwellings, all of which are integrated with Huizhou
architecture technology, can be seen everywhere in
southern Anhui. Among them, "three carvings" is the
best way to show the integration of Huizhou art into
the Huizhou landscape design, as shown in Figure 5.
In Ming and Qing Dynasties, the three carvings have
been widely used in all aspects of furniture,
architecture and decoration. The design style of
Wuhu Hefu Restaurant is also an extreme
embodiment of spatial structure in Huizhou
landscape design. Wuhu Hefu Restaurant is located
at the foot of Wuhu Zheshan Mountain. The design
of the restaurant follows the design style of ancient
residential buildings in southern Anhui and
integrates the concept of "harmony". It is surrounded
by mountains and forests, small bridges and flowing
water in the courtyard, with quiet in motion,
movement in silence, and ecological concept of

harmony between man and nature is fully reflected.
In addition, the graphic design concept of
Huizhou art is also widely used in Huizhou
ecological landscape design. The graphic design
concept of Huizhou art has distinctive and
diversified characteristics, and occupies an
extremely important position in Chinese plastic arts.
The graphic design concept of Huizhou art relies on
Huizhou merchants' spirit and Huizhou culture, so
integrating these into landscape design can enhance
the elegance and literary flavor of the whole
landscape.
As one of the most typical regional cultures in
China, Huizhou art has its unique aesthetic
characteristics, which have been applied to the
design of Huizhou ecological landscapes, making
Huizhou ecological landscapes become a symbol
and enabling Huizhou art to run a long course.
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[18] Li, W.B., Hao, W.Y., Zhou, P. (2014) Study on
Ecological Landscape Design of Folk Custom
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Journal of Engineering Research and Applications. 5(7), 111-114.
[20] Baker, K. (2014) Sense of Place: Understanding
Architectural and Landscape Design through a
Layering of Visual Representations. Journal of
Learning Design. 7(1), 74-83.

CONCLUSION
This study takes Huizhou architectural culture
as an example, with Huizhou art as the starting point,
points out the connotation and value of Huizhou
ecological landscape, and studies the influence of
regional culture in the ecological landscape
construction. From the perspective of ecological
landscape design, this paper analyzes the current
situation and application of Huizhou art in the design
of Huizhou ecological landscape.
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NOTICE

RESEARCH ON THE DELICACY MANAGEMENT DURING
THE WHOLE LIFE CYCLE OF ENGINEERING PROJECT
BASED ON BIM TECHNOLOGY
Xiaojing Yin*
Inner Mongolia Technical College of Construction, Hohhot Inner Mongolia 010070, China

methods, to meet the requirements of modern
building engineering construction [2].
The full name of the BIM technology is building information modeling that based on the three
dimensional digital technology [3]. BIM technology
gathers the engineering data model of all relevant
information and functional characteristics of the
construction project. The project facility entity and
functional characteristics are presented by digital
expression of BIM technology. As a typical
application of information technology in engineering
project management, BIM has the characteristics of
multiply
dimensional
modeling,
parameter
management, visual updating and data sharing. As
the carrier of information transmission, the
drawback of traditional CAD drawing includes
indirect presentation, poor coordination and complex
design adjustment. Construction practitioners need
secondary processing to transform the information in
the form of complex text, graphics or tables into
more reasonable form. The secondary processing is
not convenient for communication and information
sharing between engineering managers at all stages,
and it will cause the risk of increased management
cost due to the confusion of information
management. Based on the multiple dimensional
from BIM technology, the delicacy management
during whole life cycle of construction project could
vividly present various stages of project
implementation and the detailed information of the
components, in order to realize the decision-making
modeling, design optimization, engineering quantity,
virtual construction, digital operation and
maintenance, etc. BIM technology can realize the
engineering project from construction to connect all
isolated information in series to eliminate the local
information island phenomenon. The delicacy
management of BIM technology in engineering
project is to establish an information sharing
platform. The platform is responsible for collecting
information relevant with the project, managing and
updating those information as well, and storing the
project process. The most important purpose is to
enable the information to be shared. This
information sharing platform is not limited to the
stages of a single project, but also provides a
platform for participants to communicate and share

ABSTRACT
With the rapid development of infrastructure
construction, the requirements from public about the
efficiency and quality of construction are increased
as well. Building information modeling technology,
as one of the most advanced information management method, is widely applied in engineering projects during the whole life cycle. The information
generated by BIM system is in high quality, and
those information or data could be managed effectively and reasonably by BIM technology. Meanwhile, the BIM system is a dynamic information
sharing platform which could be updated by all participants. However, the application of BIM technology should combined with four main stages during
the whole life cycle of the engineering project to
achieve the delicacy management.

KEYWORDS:
Delicacy management, Whole life cycle, Engineering project, BIM technology

INTRODUCTION
With modern construction structure becomes
increasing large in scale, the development trend of
architectural design, construction and maintenance is
higher and higher complexity, and the difficulty of
the delicacy management during the whole life cycle
of the engineering project is increasing as well.
Accompanying with those develop trends, the
characters of architectural products include diverse,
fixed and large [1]. Currently, the education level of
labors in construction industry is lower than the
acceptable level, and the degree of mechanization is
not equal to the developing level. Therefore, it is
difficult to plan in advance merely consider about the
control of schedule, cost, quality and safety. It is
necessary to introduce the concept of modern
enterprise management into engineering project
management, and combine advanced management
method and the virtual digital technology, overcome
the limitation of traditional project management
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information between different projects, and finally,
improve the overall productivity of the construction
industry.
The whole life cycle concept was proposed
after BIM technology emerged. BIM technology
changed the working mode of the construction
industry through simulation, visualization and three
dimensional model, which improved the working
efficiency of construction project and completely
changed the development mode of the whole
construction industry [4]. However, the practice of
BIM technology depends on the concept of the
whole life cycle, which is as important as the BIM
technology concept. BIM technology and
architectural whole life cycle management influence
each other and develop together. Under the influence
of these two new ideas, the overall development of
the construction industry has undergone significant
changes. With BIM technology during the whole life
cycle of construction projects on good process to
create, manage, and share of information, can help
the practical application of this new management
concept, and to realize the whole process of
construction project integrated management has
created a new solution. The whole life cycle concept
emphasizes the process of communication and
sharing of information at all stages of the project
which is far exceeding the value of applying BIM
technology merely at the design stage. The whole
life cycle concept uses unified project management
platform and network technology, with the aid of
BIM digital design model based on data information,
to realize the collaborative working process, so as to
improve the efficiency of management to create
additional value. BIM technology is an effective
technical method to realize the whole life cycle
concept, and the whole life cycle concept is based on
the theoretical basis of BIM technology application.
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the delicacy construction management to practical
engineering.
Both BIM technology and delicacy
management emphasize rational using of resources,
reducing waste, realizing benefits as much as
possible by implementing effective management and
advanced construction technology. Meanwhile, both
of them are opposed to the return is obtained by high
input, high consumption of resources. Delicacy
construction is raised from the aspect of the
management to clear the management responsibility,
to satisfied management requirements, to reach the
designated position, to minimize the consumption of
resources during the whole construction process, and
achieve the goal of lower costs as well as maximize
profit. From the aspects of technology, by methods
of information, visualization, BIM technology is
process to classify the task accurately. According to
the stage, every detail for precise control of the
construction
process,
various
operations
standardized management, thereby reducing the
construction cost, improve the efficiency of the
construction enterprise. Thus, the aim of both is to
save resources and reduce waste.
BIM technology is a whole life cycle system
project that involving various majors and stages. It is
not the work of the construction company, while
BIM technology needs the participation of other
organizations such as owners, design company,
government and community cooperation, which is
emphasized by delicacy construction management as
well. Delicacy management focuses on process
management that is closely related enterprises, and
aims at the whole system optimization to advocate
enterprise exchanges and cooperation in the whole
supply chain. In delicacy management, an integrated
process oriented team organization is used to
promote a team spirit, which is an important
guarantee for delicacy management. The use of BIM
technology in delicacy management technology
could make the whole building enterprises in the top
of supply chain and mobilized even actively
involved in the delicacy management to complete
delicacy construction management tasks.
At present, the most of the domestic research
on BIM technology applications are concentrated in
the drawing design, the dynamic site layout,
construction schedule, construction technology and
simulation, calculate the amount plus, pipeline
comprehensive optimization technical level, but lack
of the management mode research based on BIM
technology [6]. To take the advantage of BIM
technology, management requires not only the
advanced software and the technology application of
single node, but also the advanced planning proposal
and supporting facilities, so as to maximize the role
of BIM technology. Grasp the goal of the
construction as a whole could minimize the waste of
technology

MATERIALS AND METHODS
The posibility of delicacy management based
on BIM technology. In recent years, the real estate
development area began to gradually reduce, and the
construction market competition is becoming more
and more fierce. Meanwhile, the cost of construction
becomes increasing high, as a result, China's construction market is changed from traditional extensive production pattern to the delicacy management
pattern. Therefore, domestic enterprises start to carry
out the pilot of fine management. However because
of its shallow accumulation time, it has a large distance between the advanced level of foreign countries [5]. The introduce of BIM technology provides
effective technical means for delicacy management.
In actual engineering project construction, BIM
technology has few application combined with delicacy construction management. From the perspective of theory, it is possible to apply BIM concept in
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FIGURE 1
The Role of BIM Technology in Architectural Industry
resources and ensure the completion of the
construction target. The BIM development in
delicacy management could be realized through
elaborating the construction management, adjusting
management mode, and change administration
system totally. BIM technology provides
information element for delicacy management and
push the development of delicacy management
oppositely. All the data existing in engineering
project are in digital form, and those digital
information is the basement of delicacy management,
which could provide the support for accuracy
information, reasonable personnel arrangement, and
selection of material.

ate and manage a dynamic information sharing platform, furthermore, to realize the delicacy management during the whole life cycle
of construction projects [7]. There are five main
characters of BIM technology could be described as
following:
(1) For the project participants, the process of
communication and coordination occupies a large
proportion in the actual management activities.
Through the application of BIM technology in the
design stage, it can effectively solve this phenomenon to avoid poor communication in traditional
mode leads to a lot of coordination in the later stage.
(2) The visualization of BIM technology can be
used to display three dimensional physical images
into a linear form which could provide people a more
direct understanding. The information visualization
of BIM has a considerable influence. It is a major
transformation process of architectural design and
construction drawings from abstract two dimensional to physical three dimensional drawing.
(3) All parameter constructions in BIM 3d design model can be connected. The architectural
model will be updated automatically with the modification of any component, and the update is interrelated.
(4) BIM technology could simulate the stereoscopic effect of the building to achieve the objective.
Meanwhile, the application of BIM technology can
simulate sunlight, emergency situation and energy
saving effect. In addition, the time factor can be
added into the original model to simulate the time
management plan in the construction process.
(5) The complexity of information and time
factor constrains the optimization of the whole life
cycle management of the project. The BIM model
can optimize the design scheme and the construction
steps by efficient management of related information
of construction projects.

RESULTS AND DISCUSSION
Application of BIM technology in the delicacy managemennt of engineering project. Characters of BIM technology in engineering project
management. BIM building information model is a
model with a large number of building information
components (Figure 1). The information management system of the building component objects corresponding to the actual engineering projects, and its
dimensions, specifications, materials and other attributes of these components are presented. However,
the correlation between each component object
makes it is possible to integrate multiple components
into a single, multiple level and highly integrated engineering project model through various rules, so
that there is an inherent logic relation in each construction project. The essence of BIM technology in
whole life cycle of construction projects is the connection between different stages of the process, data
and resources, and to establish a single project data
sources. The problem of global shared and distributed information could be solved, and the engineering information of different projects could achieve
an agreement. Therefore, the BIM technology could
support the project during the whole life cycle to cre-

The Advantages of BIM Technology in Engineering Project Management. The Generation
of High Quality Informa-tion. In the process of
project information the
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FIGURE 2
Four Main Stages for Whole Life Cycle of Engineering Project
management, information creation is the foundation,
and it is a extremely critical work. This requires project information to be accurate and complete. Based
on the information creation of BIM technology, the
design software can be used to create multiple dimensional design schemes, examination and approval reports, bidding documents, contracts and
field photos. Those high quality information can be
created by BIM technology and used by the participating parties in the form of electronic files.
The whole life cycle concept ask for quiet high
quality of information, and it is necessary to ensure
the integrity and effectiveness of information during
the whole life cycle [8]. In the traditional construction industry, the design of engineering project proposal is only in plane level, and the effect of those
two dimensional display is very limited. For some
engineering project and design information, geometric relations cannot achieve the effect of intuitive response. At the same time, this kind of abstract image
explanation lacks of rigor, and the disagreement is
also a big trouble in the process of information communication. The lack of clarity about component descriptions can also lead to an increase in costs. After
the introduction of BIM technology, digital processing will improve the overall quality of information. Under the premise that information is optimized, reducing related repetitive labor can also improve the accuracy and quality of information.

and accuracy of the project information and plays a
coordinating role in the project information
management system.
More efficient information management can be
realized with the whole life cycle concept, mainly in
the form of digital information and Shared
information system. Information during the whole
life cycle of engineering projects should be created
and stored electronically, and the information should
be readable by the BIM model. At the same time, the
establishment of the shared information system can
realize the tracking and timely updating of
information in each stage to strengthen the
correlation between the information of multiple
dimension. In addition, the efficient management of
project information based on BIM model would
embodied in the appropriate information access right
for each participant, which will ensure the
information acquisition, also protect the security of
information.
The Dynamic Sharing of Information.
Traditional information transmission is under the
point-to-point mode, in where the transmission of
information has certain direction. Normally, the
information of the decision-making stage is passed
to the design stage, then the information of the
design stage is passed to the construction stage, and
finally the information of the construction stage is
transferred to the maintenance stage. There is few
situation that reverse flow of information. Therefore,
the participants of the project can merely participate
in the management activities of information at their
main stage of work [9]. At the same time, due to the
information fault phenomenon in various stages, the
transmission efficiency of information is extremely
low, which can not fully realize its value. Based on
BIM model of information transmission, not only
effectively solved the problem of information loss,
and ensures that each participation in order to in the
whole life cycle of the entire project involved in
information management, is conducive to play the
maximum values of project information.

The Effective Management of Information.
Information is the basis of decision making, so BIM
technology has obvious advantages in information
management. Whether decision maker can get
timely, comprehensive and accurate project
information plays a key role in their decision-making
process. The management of project information
involves not only the information of the participants
in many fields, but also the information at different
stages. Both two kind of information are supposed to
enter into the BIM model accompanying with the
project progresses continuously. The continuous
updating of project information ensures the integrity
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Participants in all projects can obtain the
necessary information during the whole life cycle to
meet the requirements of the information at each
stage. In the practice of BIM technology, centralized
management of all kinds of information is carried out,
and different participants of the project achieve
different information acquisition through their own
authority. At the same time, the establishment of
dynamic information sharing platform provides a
good communication channel for participants in all
stages of the life cycle. The core of the whole life
cycle concept is to focus on the whole process of
project information integration. The dynamic
information sharing platform utilizes BIM
technology to achieve information management and
sharing throughout the whole life cycle of
engineering project, and to ensure the integrity and
accuracy of information. Dynamic information
sharing platform also plays an active role in
communication and coordination among participants
in various stages to optimize the work effect.
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reliability of the demonstration results. The
feasibility study focuses on the final revenue, key
technology, safety factor, and potential function of
the project, and finally determines whether the
project plan can be implemented. Traditional
methods take a lot of time, money and energy to
obtain relatively reliable conclusions. The BIM
technology can complete the simulation analysis step
through the relevant model, so as to reduce the cost,
shorten the construction period and improve the
quality [10]. At the same time, the lack of
communication between departments involved in the
feasibility study can be avoided due to different
standards and fragmented information. BIM
technology can build a good platform for
information exchange, provide support for data
information and make decision making more
reasonable.
The participants of the project clearly
understand and receive the BIM objectives of the
project, and clearly define the roles and
responsibilities of the project. The BIM
implementation process shall conform to the
business practice and work flow of each participant.
The additional resources and capabilities required
for the successful implementation of the BIM
applications of each plan should be prepared in
advance. Participating parties identify a process
standard and develop evaluation criteria for project
progress. The construction company shall set up a
BIM management team, and shall meet the
requirements from the participating parties to join
this professional BIM team. As the main body of
BIM technology team, the construction company
should play a core leadership role in the project and
work with a BIM platform.

The specific application of bim technology in
the different stages during the whole life cycle of
engineering project. Generally speaking, the whole
life cycle of an engineering project can be divided
into four stages: planning, design, construction and
operation (Figure 2). The information management
method provided by BIM technology for engineering
projects could bring economic benefit and improve
engineering quality. The transformation of BIM
technology from the software system platform to the
integrated management platform can control the scientific and orderly completion of the project. The
most important and competitive feature of BIM technology is that it can be combined with the whole life
cycle theory of engineering projects to manage and
coordinate all the participants of the project. The
modeling of BIM has been involved since the beginning of the project, and BIM technology has been
used before the planning begins. The application of
BIM technology, which is led by the construction
company, can give full play to its management benefits, and the application of each party can best reflect its role and value. BIM technology caters to the
development trend of the construction industry. The
change of means and methods of architectural design
is only the manifestation of BIM technology. The
BIM technology applied in the whole life cycle of
the project to set up an information sharing platform,
is the essence of BIM technology to the construction
industry revolutionary change, and this change fundamentally changed the way of building industry
collaboration.

Design Stage. For traditional CAD technology,
the information conveyed in the architectural design
drawing is only limited to the level of two
dimensional plane. Some three-dimensional
information can not be fully explained, which leads
to the failure of architects to effectively
communicate on design concept, thus reducing work
efficiency. In addition, it is also a defect that the
information data in the design stage cannot be
updated synchronously. When a data changes, a
series of drawings changes that will increase the
workload and even cause the project to collapse.
BIM technology transforms the design work from
the traditional two dimensional model to the threedimensional model, and transforms the designer's
spatial perception into rational elements such as data
and parameters [11]. At the same time, the
architectural layout, structure, hydroelectricity and
other specialties are combined to work through the
same system platform to achieve multiple
dimensional assistance design. At the beginning of
the design, the main work of the designer was to

Planning Stage. In both technical and
economic aspects, BIM technology has provided
assistance to the feasibility study of engineering
projects, and has greatly improved the accuracy and
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TABLE 1
Daily Operation in Engineering Project
NO.

1
2
3
4
5

The Function of BIM Technology
During Different Operation Stage
Type
Specific Type
Operati
on
Operati
on
Operati
on
Operati
on
Operati
on

Operator

Application Foundation

Us
er
Y

Software Foundation

BIM Model Foundation

Energy Analysis

Ow
ner
Y

Spatial Management

Y

Y

Load Prediction

Y

Y

Equipment Operation

Y

Y

Visual Information
Component Expression
List Expression
Space Position
Machine Information
Maintain
Surrounding Expression
Operation Proposal

Operation Supervisor
Sign Information of
Machine
Deep Requirement of
Machine
Connection Requirement
Information Expression and
Collection

Structure Safety

Y

Y

TABLE 2
Daily Maintain in Engineering Project
NO

The Function of BIM Technology
During Different Maintain Stage
Type
Specific Type

Operator

Application Foundation

Ow
ner

Use
r

Software Foundation

BIM Model Foundation

Visual Information
Component Expression
List Expression
Space Position
Machine Information
Maintain
Connection Analysis

Administration Management
Process
Machine Management
Process
Sign Information of Machine
Deep Requirement of
Machine
Connection Requirement

1

Maintain

Daily Maintain

Y

N

2

Maintain

Emergency Maintain

Y

N

3

Maintain

Optimizing Operation

Y

N

4

Maintain

Personnel Training

Y

N

5

Maintain

Y

N

6

Maintain

Operational Status
Monitoring
Machine Management

Y

N

establish the BIM model of the whole project. This
process is equivalent to building a complete project
in actual work. After the model is established, the
corresponding plans, elevations and sectional
drawings can be automatically exported. Application
of the related BIM software to the structure, hydro
power, lighting and other aspects to avoid the design
contradictions. The application of BIM technology
in the design stage can find out the possible problems
accurately, and timely adjust it to avoid the waste of
construction, and also facilitate the design
modification.

During the early stage of construction, the use
of BIM technology to simulate the construction site,
and according to the result of simulation, the
corresponding adjustment for BIM model should be
made, especially in engineering structures,
machinery and equipment, temporary support,
information such as the construction space as far as
possible consistent with the actual situation. By
measuring and positioning in BIM model, the route
of construction and planning equipment would be
reasonably arranged. Adding the time dimension to
the BIM model can be used to reflect the
construction schedule. In the actual construction
process, it is quiet normal that the idle waiting time
leads to the extension of the construction period.
Therefore, efficient use of time and reasonable
arrangement of construction plan become the key to
reduce construction cost. BIM technology can
effectively solve this problem. Using the effective
information contained in the BIM model to
coordinate the contractor and the subcontractor,
which could improve the time utilization efficiency.
Meanwhile, the whole construction process can be
simulated dynamically, and the potential problems
could be discovered in time and the construction
scheme optimization is carried out.

Construction Stage. During the construction
phase of the project, the BIM management system
should be organized by the construction company,
and the BIM model established during the design
phase should be adjusted to meet the requirements of
different construction stages. BIM technology can
simulate the construction site and analyze the
requirements of mechanical equipment. The
application of BIM technology in the construction
stage is to directly reflect the project quality, cost and
schedule information. This kind of information helps
the construction company to control the relevant
work effectively in order to achieve the optimization
of the technology and maximize the economic
benefits.
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Operation Stage. The final BIM model is
completely dependent on the information
management of BIM parameter model [12]. BIM
technology can synchronize the information of all
the systems in the project and the modification
information in the construction. The completion
model is used as the database of various equipment
management to provide the basis for the
maintenance of the system. In addition, the
information sharing of BIM technology still plays an
important role in operation and maintenance. For
example, in terms of building use, BIM technology
can improve operation efficiency (Table 1).
Meanwhile, in the aspect of demolition planning,
BIM information synchronization function can
effectively improve the low maintain level (Table 2).
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[3] Popov, V., Juocevicius, V., Migilinskas, D., Ustinovichius, L., Mikalauskas, S. (2010) The use
of a virtual building design and construction
model for developing an effective project concept in 5D environment. Automation in construction. 19(3), 357-367.
[4] Howard, R., Björk, B.C. (2008) Building information modelling–Experts’ views on standardisation and industry deployment. Advanced Engineering Informatics. 22(2), 271-280.
[5] Park, C. S., Lee, D. Y., Kwon, O. S., Wang, X.
(2013) A framework for proactive construction
defect management using BIM, augmented reality and ontology-based data collection template.
Automation in Construction. 33, 61-71.
[6] Pohl, K. (2010). Requirements engineering:
fundamentals, principles, and techniques.
Springer Publishing Company, Berlin.
[7] Hardin, B., McCool, D. (2015) BIM and construction management: proven tools, methods,
and workflows. John Wiley & Sons., Indianapolis.
[8] Oberlender, G.D. (1993) Project management
for engineering and construction. McGraw-Hill,
New York.
[9] Bryde, D., Broquetas, M., Volm, J.M. (2013)
‘The project benefits of building information
modelling (BIM)’. International Journal of Project Management. 31(7), 971-980.
[10] Ding, L., Zhou, Y., Akinci, B. (2014) Building
Information Modeling (BIM) application framework: The process of expanding from 3D to
computable nD. Automation in Construction. 46,
82-93.
[11] Pihlak, M., Deamer, P., Holland, R., Poerschke,
U., Messner, J., Parfitt, K. (2011) Building Information Modeling (BIM) and the impact on
design quality. J. Architec. Engg. Technol. 1(1),
1-6.
[12] Azhar, S. (2011) Building information modeling
(BIM): Trends, benefits, risks, and challenges
for the AEC industry. Leadership And Management In Engineering. 11(3), 241-252.

CONCLUSIONS
Engineering project is a quiet complete process
which includes architectural designing, budget
control, time management, safety ensuring,
equipment selection and so on. To achieve better
quality and more effective process, the building
information modeling technology and delicacy
management concept have been introduced into the
whole life cycle of the engineering project. The
application of those two mentioned concept could
not be separated, as the delicacy management id the
theory foundation of BIM technology, while the
information collecting and sharing system is the
technical support. It is necessary and possible to
carry out the delicacy management strategy during
the whole life cycle of engineering project, and the
advantages of BIM technology during this process
includes the high quality information generation,
effective information collection and the dynamic
information sharing platform. Planning, designing,
construction and operation are four main stage of
whole life cycle, and the BIM technology is
important for all those four stages. The function of
BIM technology is mainly about BIM model making
which contains multiple information, and could be
adjusted or updated effectively and easily.
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host plants
Hotels
Huizhou art
hydrocarbon generation environment
Hydromorphology

11795

Foliar application
Food inflation
food security
force chain
Forest Ecosystem Services
Forest village
Formal aesthetics
fuzzy membership
fuzzy overlay

11246
11102
11102
11441
11253
11285
11165
11514
11514

11526
11507
11768
11776
11301
11077
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I
IAA
IBA
IBA network
ICP-MS
identification
,JGÕU
image processing
immunization
In vitro establishment
incubation

11239
11239
11223
11294
11667
11231, 11581
11748
11209
11349
11573
11474

J
Jordan

11753, 11768

ICT (Information and Communications Technology)

L
Lactic Acid Bacteria
Land Degradation
Land use
landscape
Landscape design
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inducing factors
inhibition constants
inhibition type
Investment benefit
IR spectroscopy
IRAP
Iron-lysine
Ischemia-reperfusion
isolation
ISSR markers
Istanbul

11466
11461
11461
11545
11266
11493
11246
11143
11581
11136, 11598
11165

leachate

11231
11482
11450
11556
11776
11426
11685

lead exposure
life history
Liver
living environment
Loose sandstone
Low temperature
LULC monitoring

11501
11507
11175
11556
11721
11358
11482

M
Macrosiphum rosae
mass tourism
maturity
meat yield
mechanical properties
Menopause
microfossil
micropropagation
Migration
mikrobial activity
Milk
mineral

11311
11652
11301
11096
11209
11363
11129
11239
11285
11216
11231
11294

Model
Modified
modified nano silica
moisture content
mold
Monsoon Climate Zone
mortality
Multiple Linear Regression
Multiplex RT-PCR
Municipal solid waste
Myzus persicae

11434
11068
11404
11209
11581
11253
11089
11285
11624
11514
11311

N
NaCl stress.
nano-microsphere
Near zero energy consumption
Ningwu Coal Mine

11111
11404
11693
11633

non-defoliating pathotype
numerical simulation
numerical simulation experiment
nutshell

11730
11526, 11642
11441
11273

O
OECD countries
Oil and gas gathering and transportation
oil and gas well
Oil-based drilling fluid
Oil-water two-phase flow
oily sludge
onion white rot disease.
Ordos Basin

11412
11466
11721
11606
11526
11685
11197
11301

Ordu
organic agriculture
Organic compounds
organic matter
organomineral fertilizer
Oryza sativa
Oxidative Stress
ozone applications

11329
11667
11633
11273
11474
11588
11175, 11363
11143

Landscape spatial ecological heterogeneity

11796
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P
Pacific jewel-box
Paleolimnology
Panel data analysis
Pathogenicity
Peanut
Performance
peroxidase
phosphorus uptake
physical properties
Physiological response
Phytoremediation
Planococcus citri
plant growth
Poland

11096
11129
11412
11136
11382
11737
11197
11216
11209
11382
11390
11507
11216
11077
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Polyamidoamine-ȕ-cyclodextrin copolymer

Polyoxidonium
polyphenoloxidase
pomegranate
Potential Ratio
Poverty
Predatory fauna
price volatility
probability distribution
producer organizations
Protein expression
Prunus persica L.
public service
pumice

11180
11349
11197
11761
11077
11285
11748
11151
11441
11102
11677
11573
11556
11266

Q
Q Fever
Quality

11349
11493

Quality estimation

11082

R
Radon exposure awareness
radon knowledge
Rainwater harvesting
Raising protocol
RAPD
Rare earth elements
Real-Time PCR
Regional culture
reservoir compaction

11190
11190
11768
11737
11761
11633
11677
11776
11642

reservoir damage
reservoir deformation
Residential area
return matrix
rice straw compost
River
Rural environmental protection
rural revitalization strategy

11606
11642
11556
11660
11588
11077
11652
11702

S
science communication
11190
Sediment
11119, 11129, 11753
sedimentary environment
11301
Semi-Arid Region
11565
Serbian avifauna
11223
settlement stability
11606
sex ratio
11096
Shanxi Formation
11633
shell dimensions
11096
small agricultural businesses
11102
soil
11119, 11474
Soil conservation
11545
11450
Soil physical characteristics
soil pollution
11317, 11342
soil texture
11342
Soil water content
11450
Sorption
11119
Source identification
11317
Source rocks
11301

Spatial distribution
spatial structure
species composition
SPST
Stone fruit
strength
stress sensitivity
structural problems
structure division
Styrax (Styrax officinalis L.)
Subsystem
Sufficiency of open green spaces
supervision
Surface sterilization
Surface water environment
survey
Sustainability
Sustainable development
sustainable urban development

11797

11317
11652
11129
11441
11748
11685
11721
11102
11652
11209
11434
11329
11660
11573
11660
11190
11102, 11667
11545
11329
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T
Taiyuan
TBM construction
Tebuconazole
Terbutylazine
ternary complexes
Test dust
The characteristic particle size
Therapeutic garden
TMV
Tobacco

11434
11710
11493
11119
11349
11082
11082
11615
11624
11624

tolerant
tomato
Tondexir
tourist area
trace element
Transformation
Tribenuron-methyl
Triclopyr
Turkey
two-spotted spider mite

U
under-scale corrosion
Urban environment

11466
11615

Urban Landscape
urban planning

11165
11329

Verticillium dahliae
Vietnamese coffee
Vitamin D
Volcanic parent material

11730
11151
11363
11450

Western blot
wetting agent
wetting modification
Wheat growth
Whole life cycle
wild storage

11677
11606
11404
11246
11783
11342

Zhalantun City

11253

V
Value Assessment
value orientation
VAR model
VEC model
vermicompost

11253
11652
11151
11151
11216, 11273

W
wastewater sludge
Water conservation
Water relations
Weakly cemented reservoir
Welfare
wellbore stability

11474
11545
11246
11642
11737
11721

X
X-ray photoelectron spectroscopy

11180

Y
Yersinia ruckeri

11677

Z
Zebrafish

11175

1,2,3,…9.
3D physical similarity simulation

11710

11798

11730
11535
11089
11426, 11652
11294
11535
11175
11119
11482, 11748
11089
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FEB – GUIDE FOR AUTHORS
General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific journals,
by a board of reviewers. Papers are processed with
the understanding that they have not been published
before (except in form of an abstract or as a part of a
published lecture, review or thesis);that they are not
under consideration for publication elsewhere; that
their publication has been approved by all coauthors, if any, as well as- tacitly or explicitly- by the
responsible authorities at the institute where the
work has been carried out and that, if accepted, it will
not be published elsewhere in the same form, in
either the same or another language, without the
consent of the copyright holders.
Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors who
are less familiar with the English language should
seek assistance from proficient colleagues in order to
produce manuscripts that are grammatically and
linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with photo)
should together not exceed I typewritten page. Short

research abstracts should report in a few brief
sentences (one-fourth to one page) particularly
significant findings. Short articles by relative
newcomers to the chemical innovation arena
highlight the key elements of their Master and PhDworks in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.
Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as online
journal on the web. You can now e-mail your
manuscripts with an attached file. Save both time
and money. To avoid any problems handling your
text please follow the instructions given below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer a
lot of features. Some of them can do serious harm to
our layout. So please do not insert hyperlinks and/or
automatic cross-references, tables of contents,
references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS Word).
2. Please do not insert automatisms or secret link-ups
between your text and your figures or tables. These
features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical presentations
"Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should be uploaded on our website
prt-parlar.de
Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
Title page: The first page of the manuscript should
contain the following items in the sequence given: A
concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes briefly
the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.
Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular field
will be able to understand the intention. The word
length of the introduction should be 150 to 300
words.
Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.
Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures and
tables.
Acknowledgements:
Acknowledgements
of
financial support, advice or other kind of assistance
should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.
References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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ORIGINAL PAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of the
contribution. In: Title of the book or proceeding.
Volume (Edition of klitor-s, ed-s) Publisher, City,
first and last page
DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis, University
and Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been submitted
to a journal may be cited with the journal's name
followed by "in press". However, this practice is
acceptable only if the author has at least received
galley proofs of his paper. In all other cases reference
must be made to “unpublished work" or "personal
communication".
Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.
Corresponding author: The name of the
corresponding author with complete postal address

