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ASSESSMENT OF GENETIC DIVERSITY AMONG HYBRID
PEA LINES (PISUM SATIVUM L.) AS REVEALED BY
RANDOM AMPLIFIED POLYMORPHIC DNA (RAPD)
MARKERS
Ajmal Iqbal1, Abdul Razzaq2, Fazal Hadi2, Mohammad Nisar1, Munir Ozturk3,*, Volkan Altay4
1
Botany Dept., Univ. of Malakand, Khyber Pakhtunkhwa, Pakistan
Centre of Plant Biodiversity and Botanical Garden, University of Peshawar, Pakistan
3
Botany Department & Centre for Environmental Studies, Ege University, Izmir Turkey
4
Biology Department, Faculty of Sciences and Arts, Hatay Mustafa Kemal University, Hatay, Turkey
2

ABSTRACT

INTRODUCTION

Information about genetic diversity among pea
genotypes of Pakistan is limited. Molecular marker
analysis is an important technique in analyzing the
genetic diversity among pea providing useful information to broaden the genetic base of pea lines.
The objective of this study was to evaluate the genetic diversity among 24 hybrid pea lines using
random amplified polymorphic DNA (RAPD) technique. A total of 69 DNA fragments were generated
by 20 RAPD markers, with an average of 3.45
cleanly detectable alleles per primer. Of these, 67
fragments (97.10%) were polymorphic among the
total pea lines. Molecular weights of alleles ranging
from 250 bp to 2000 bp. The minimum alleles (1)
were amplified by the primer OPA 17. Whereas,
maximum alleles (6) were amplified by primers
OPA-13, OPA-19, OPA-20, OPB-11 and OPB-14
each. The average alleles/locus primer-1 was 3.45
and overall polymorphism was 97.10% that gave a
promising indication to broaden the research horizon for investigation of genetic diversity in pea and
only 2.9% bands showed monomorphic behaviour.
The similarity indices based on all possible pairs of
lines ranged from 0.43 to 0.92. The minimum similarity value of 0.43 was observed between PL-6 and
PL-22 Similarity, closer to unity was observed between PL-11 and PL-15 (0.92). The results of the
present investigation using RAPD markers have
successfully revealed an informative DNA polymorphism among pea lines, which could be included into marker-assisted selection and breeding programs aspiring at genetic improvement of this nutritionally important crop species.

Pea (Pisum sativum L.) is a member of family
Papillionaceae and order Fabales [1, 2]. Worldwide,
the genus Pisum consists of five species: P. fulvum
(Sibth. & Smith.), P. abyssinicum (A. Braun), P.
sativum L., P. humile (Boiss. & Noe), and P. elatius
(M. Bieb.) [3]. In Pakistan, this genus is represented
by a signal species Pisum sativum L. [1].
Pea is an economically precious pulse crop
cultivated throughout the world for its protein rich
seed and other soil fertility purposes [4]. It is the
most important food legumes with a valuable and
cheap source of protein having fundamental amino
acids and high nutritional values for humans and
animals [5]. It is cultivated worldwide in an area of
6.33 million hectares with an annual production of
10 million tons [6, 7]. In Pakistan, pea is cultivated
on 10.000 hectares area with a total production of
82.000 tons per year [8].
In molecular techniques various molecular
markers including randomly amplified polymerase,
DNA (RAPD), simple sequence repeat (SSR),
SCAR, amplified fragment length polymorphism
(AFLP), restriction fragment length polymorphism
(RFLP), single nucleotide polymorphism (SNP) are
practiced [9-11]. Randomly Amplified Polymorphic
DNA (RAPD) technique is relatively easier, cheaper and quicker technique with less technical complexity than other technique [12]. RAPD analysis
has also the benefit of requiring very small quantities of genomic DNA without the need for blotting
and radioactive detection [13, 14]. RAPD is mostly
used in studying genetic diversity between crop
species. Genetic diversity in crops is the variation
of alleles that enable species to withstand certain
biotic and abiotic stresses and thus is crucial for
long term survival of crops. Hence, knowledge of
genetic variation is essential for the creation of
novel germplasm and future breeding lines [15].
The knowledge of genetic diversity is a useful
tool in the gene bank management and in planning
experiments, as it facilitates efficient sampling and
utilization of germplasm by identifying and/or elim-

KEYWORDS:
Genetic Diversity, Pisum sativum, RAPD, primers,
molecular markers
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inating duplicates in the gene stock, and helps in the
establishment of core collections [16]. The RAPD
marker technique is being successfully used for the
assessment of genetic diversity, identification and
genetic association in various plant species, especially in legumes, such as Glycine max [17, 25],
Cicer arietinum [18], Trigonella foenum-graecum
[19], Vigna unguiculata Walp. [20], Trifolium taxa
[21], Dalbergia sissoo [22], Vicia faba [23], Cassia
species [24], Lathyrus sativus [26], Phaseolus vulgaris [27], and Glycyrrhiza taxa [28, 29].
There is scarcity of genetic diversity in pea
and limited amount of parental material is available
for pea breeding programs [30]. Therefore, the present work was carried out to study the genetic relationship between newly developed edible pea lines.

Genomic DNA Isolation. For PCR reaction,
the genomic DNA of each line was extracted from
0.5 g dry seed powder using the modified DNA
extraction protocol as described by Doyle and
Doyle [32].

MATERIAL AND METHODS

Randomly Amplified Polymorphic DNA
(RAPD) Maker. To determine the genetic diversity, genetic linkage among 24 pea lines, 20 different
RAPD primers were used. The details of RAPD
primer sequence are represented in Table 1.

Detection of genomic DNA. The genomic
DNA was run on 1% Agarose gel. The 1 μl genomic DNA was loaded in the wells, to confirm the
presence of genomic DNA and to visualize the band
density. The gel was then run at constant voltage of
100 volts with 120 mA for 15 minutes. The DNA
was visualized under U9OLJKWXVLQJ³8YLWHFK´*HO
Documentation System. The DNA was quantified
with the help of a spectrophotometer and then calculated 20 ng/L genomic DNA with the help of the
formula [33].

Plant Material. The present study was carried
out on twenty four pea lines. During the study different experiments were conducted, which included
screening against powdery mildew disease, the selection of high yielding lines, morphological characterization and genetic linkage of molecular markers for estimation.
Out of twenty four lines, twenty novel lines of
Pisum sativum were developed through single seed
descent method from the cross of Falloner and
11760-3ER [31]. The control lines for comparative
performance were Climax and local cultivar (PL21).

PCR Cocktail for RAPD markers. Polymerase chain reaction (PCR) for RAPDs primers was
performed in a 20 μl PCR mixture. PCR mixture
contained 20 ng genomic DNA (1 μl), 100 μM of
each dNTPs (2 μl), 10 mM Taq buffer (2 μl), 25
mM MgCl2 (1.2 μl), 10 pM decamer primer (2 μl)
and 1-Units Taq DNA-polymerase (1.2 μl) and water (10.6 μl).
PCR reaction. PCR reaction was performed
in a Nyx Technik PCR System, USA. Genomic
DNA of all pea lines was run independently, with
each primer for PCR amplification. The PCR conditions were 94 0C for 5 min by 1 cycle, encircled by
40 cycles of 1 min at 94 0C, 1 min 32 0C / 34 0C and
2 min at 72 0C and 1 cycle of the final extension at
72 0C for 10 minutes [34].

Molecular characterization. Randomly Amplified Polymorphic DNA (RAPD) were used for
estimation of genetic diversity and to find genetic
linkage among different traits in the selected 24 pea
lines.

TABLE 1
List of RAPD primers, their sequences, annealing temperature and associated
amplification fragments size
S.No

Primers

Nucleotide Sequence

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

OPA11
OPA12
OPA13
OPA14
OPA15
OPA16
OPA17
OPA18
OPA19
OPA20
OPB11
OPB12
OPB13
OPB14
OPB15
OPB16
OPB17
OPB18
OPB19
OPB20

CAATCGCCGT
TCGGCGATAG
CAGCACCCAC
TCTGTGCTGG
TTCCGAACCC
AGCCAGCGAA
GACCGCTTGT
AGGTGACCGT
CAAACGTCGG
GTTGCGATCC
GTAGACCCGT
CCTTGACGCA
TTCCCCCGCT
TCCGCTCTGG
GGAGGGTGTT
TTTGCCCGGA
AGGGAACGAG
CCACAGCAGT
ACCCCCGAAG
GGACCCTTAC

Annealing
temperature
32
32
34
32
32
32
32
32
32
32
32
32
34
34
34
32
32
32
34
32

Total
Monomorphic
Bands
Bands
3
0
4
0
6
0
5
0
3
0
3
0
1
0
3
0
6
0
6
1
6
0
2
1
3
0
6
0
5
0
2
0
2
0
3
0
Not amplified
Not amplified

6448

Polymorphic
Bands
3
4
6
5
3
6
1
3
6
5
6
1
3
6
5
2
3
3

Size range
750-1250
1000-2000
300-1500
500-1250
400-1000
750-1500
250
1000-1500
500-2000
250-1200
650-2000
700-1200
900-1500
900-1600
250-1250
750-1250
750-1250
750-1300
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RAPD marker analysis. Genetic variation
was observed among pea lines through randomly
amplified polymorphic DNA that was conducted
for 20 primers and among these 18 primers were
amplified and produced clear reproducible fragments. Eighteen primers generated 69 scorable
bands with molecular weight ranging from 250 to
2000 bp among pea lines. The results regarding
primer data revealed that, the primer OPA 17 amplified one allele (Fig. 1) whereas primers OPA-13,
OPA-19, OPA-20, OPB-11 and OPB-14 each generated six alleles (Fig. 2). The average alleles/locus
primer-1 was 3.45 and overall polymorphism was
97.10% that gave a promising indication to broaden
the research horizon for investigation of genetic
diversity in pea and only 2.9% bands showed monomorphic behavior (Table 1).
Two Way Cluster Analysis based on RAPD
markers. Based on RAPD data, analyzed for TwoWay-Cluster-Analysis, seven clusters were observed as reflected in the Fig. 3. The cluster-I was
comprised of four pea lines (PL 18, 22, 23 and 24).
The cluster-II was consists of four lines (PL 10, 14,
19 and 20), whereas cluster III and IV each comprised of two lines (PL 16, 21 and 1, 5 respectively). Similarly, cluster-V compressed of four lines
(PL 6, 12, 9 and 13), whereas, cluster-VI consisted
of three lines (PL 2, 3 and 7), while cluster-VII
consisted of five lines (PL 4, 8, 11, 15 and 17).
Among all the clusters, the highest similarity was
observed between the cluster-VI and cluster-VII
that shared a common node at the similarity coefficient of 52% as depicted in the Fig. 3.

Statistical analysis of molecular markers.
Bands scoring of RAPD markers; the electropherogram of the agarose gel were used to score the molecular data. The fragments generated by markers
were compiled qualitatively in a binary matrix according to the presence (1) or absence (0) of bands
in each line. The binary matrix data were used for
further cluster dendrogram and statistical analysis.
Two-Way-Cluster analysis and Genetic similarity; Cluster analysis of the lines based on RAPD
primers was determined with the help of PC-ORD
software. Genetic similarity (GS) coefficient between the pair of lines was calculated according to
1HLDQG/L¶VLQGH[RIVLPLODULW\[35] by the following formula, with the help of NTSYS software [36].
GDxy = 1-dxy/dx+dy-dxy
Where GDxy is genetic distance, dxy is the
number of common bands (loci) in two genotypes,
dx is the number of bands (loci) in genotype 1, dy is
the number of bands (loci) in genotype 2.

RESULTS AND DISCUSSION
In the present study, 24 hybrid edible pea lines
were evaluated for genetic diversity through molecular markers (RAPD), in order to estimate genetic
diversity and furthermore, allelic polymorphism
through RAPD markers was also studied in the present hybrid pea lines.

FIGURE 1
RAPD banding pattern of 24 pea lines amplified with primer OPA-17 viewed
under gel documentation system

FIGURE 2
RAPD banding pattern of 24 pea lines amplified with primer OPA-20 viewed
under gel documentation system
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FIGURE 3
Two way Cluster dendrogram of Molecular Traits using PC-ORD software. A: Genetic distance among
RAPD bands distributed in 24 hybrid pea lines; B: Cluster analysis of 24 hybrid pea lines; C: Zygomorph
of 69 bands reported in 24 hybrid pea lines
1HL DQG /L¶V VLPLODULW\ LQGH[ From the
RAPD data, the genetic similarity (GS) for pairs of
pea lines was calculated (Table 2). The similarity
indices based on all possible pairs of lines ranged
from 0.43 to 0.92. The minimum similarity value of
0.43 was observed between PL-6 and PL-22 followed by Pl-8 and Falloner (0.46), hence these lines
were genetically diverse. Similarity, closer to unity
was observed between PL-11 and PL-15 (0.92) that
was followed by PL-4 and PL-11 (0.88) with an
indication that these lines are genetically closed to
each other.
Knowledge about genetic variability for a given population is of interest not only for their protection and registration but also for practical applications including conservation of genetic resources
and for breeding purposes, to predict the ability to
combine, or fast verification of breeding material
[37].
Molecular markers are successfully used for
plant genome analysis, and have become an essential tool in crop improvement [38]. Molecular
markers have the potential to facilitate this procedure, increase the reliability of decisions and substantially save time [39]. In the present study, 20
decamer primers exhibited genetic variability that is
of practical use that was initially targeted through
MAS using RAPD primer [40]. Higher level of
polymorphism may be due to selection methodologies for improving pea yield potential as well as

powdery mildew resistance, although all the populations were derived from the single cross involving
two parents. The results are in coordination with
that of Haider et al. [41] who reported >90% polymorphism generated through twenty RAPD primers
among 17 pea genotypes. Similarly Choudhury et
al. [42] obtained 74.8% polymorphism when they
studied 24 varieties of Indian peas. In contrast to
this, low polymorphism (41.66%) was reported by
Wani et al. [43], for twelve RAPD markers in 5 pea
accession that could be attributed towards a less
number of genotypes [26]. Although RAPD is the
primitive technique in DNA analysis, but owing to
the high polymorphism it is still optimum for investigation of genetic diversity in various crop species
[44, 45]. From the RAPD data, the genetic similarity (GS) for pairs of pea lines ranged from 0.43 (between PL-6 and 22) to 0.92 (between Pl-11 and 15).

CONCLUSIONS
The results of the present investigation using
RAPD markers have successfully revealed an informative DNA polymorphism among pea lines,
which could be included into marker-assisted selection and breeding programs aspiring at genetic improvement of this nutritionally important crop species.
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TABLE 2
*HQHWLFVLPLODULW\ *6 EHWZHHQDSDLURISHDOLQHVZDVFDOFXODWHGXVLQJ1HLDQG/L¶VVLPLODULW\LQGH[>@
PL1
PL2
PL3
PL4
PL5
PL6
PL7
PL8
PL9
PL10
PL11
PL12
PL13
PL14
PL15
PL16
PL17
PL18
PL19
PL20
PL21
PL22
PL23
PL24

PL2

PL3

PL4

PL5

PL6

PL7

PL8

PL9

PL10

PL11

PL12

PL13

PL14

PL15

PL16

PL17

PL18

PL19

PL20

PL21

PL22

PL23

0.67
0.64

0.64

0.67

0.79

0.76

0.82

0.76

0.76

0.76

0.61

0.64

0.64

0.55 0.76

0.68

0.86

0.83

0.86

0.83

0.62

0.67

0.73

0.73

0.85

0.67

0.46

0.80

0.65

0.68

0.71

0.53

0.68

0.71

0.61

0.56

0.53

0.74

0.77

0.62

0.53

0.50

0.64

0.77

0.61

0.73

0.79

0.82

0.88

0.79

0.58

0.86

0.85

0.59

0.65

0.58

0.70

0.76

0.64

0.64

0.76

0.68

0.58

0.65

0.65

0.70

0.71

0.65

0.68

0.59

0.77

0.77

0.61

0.50

0.79

0.55

0.65

0.74

0.64

0.76

0.82

0.70

0.64

0.55

0.71

0.76

0.62

0.86

0.73

0.73

0.65

0.71

0.80

0.83

0.86

0.80

0.59

0.85

0.86

0.58

0.67

0.92

0.68

0.61

0.77

0.50

0.62

0.65

0.50

0.53

0.65

0.52

0.50

0.64

0.64

0.53

0.71

0.61

0.65

0.58

0.71

0.77

0.77

0.80

0.71

0.53

0.79

0.86

0.58

0.73

0.83

0.65

0.58

0.86

0.88

0.58

0.55

0.58

0.64

0.58

0.61

0.64

0.68

0.58

0.53

0.56

0.64

0.67

0.53

0.70

0.68

0.62

0.65

0.58

0.70

0.73

0.64

0.55

0.61

0.65

0.70

0.65

0.77

0.67

0.76

0.59

0.87

0.68

0.68

0.77

0.79

0.56

0.65

0.65

0.65

0.56

0.62

0.61

0.74

0.58

0.73

0.65

0.74

0.58

0.71

0.70

0.61

0.73

0.62

0.80

0.49

0.64

0.64

0.55

0.55

0.67

0.59

0.55

0.53

0.62

0.64

0.73

0.56

0.61

0.62

0.74

0.59

0.64

0.67

0.71

0.61

0.64

0.73

0.76

0.61

0.43

0.71

0.70

0.50

0.62

0.79

0.58

0.53

0.67

0.74

0.47

0.68

0.67

0.61

0.56

0.55

0.52

0.61

0.64

0.52

0.52

0.55

0.59

0.46

0.65

0.53

0.55

0.73

0.56

0.58

0.53

0.59

0.50

0.70

0.64

0.50

0.58

0.61

0.68

0.71

0.77

0.68

0.65

0.59

0.70

0.65

0.61

0.67

0.68

0.68

0.64

0.77

0.73

0.64

0.70

0.74

0.74

0.64

0.59

0.74

0.68

[6] Ashraf, I., Pervez, M.A., Amjad, M. and Ahmad, R. (2011). Effect of varying irrigation
frequencies on growth, yield and quality of
peas seed. J. Agri. Res. 49 (3), 339-351.
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SPATIO-TEMPORAL VARIABLITY OF INTRACELLULAR
AND EXTRACELLULAR MCS IN THE WATER OF LAKE
TAIHU, CHINA
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the general composition cyclo(-D-Ala-L-XerythromethylisoAsp-L-Y-Adda-D-iso-Glu-N-methyldehydroAla), where Adda is the unusual amino acid 3amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca4,6-dienoic acid and X and Y are two variable Lamino acids[5, 6] structures of microcystins(MCs)
(Figure 1) . So far, more than 80 structurally different MCs have been found [7]. Long-term exposure
to low level of MCs has also been implicated in liver
tumour promotion by inhibiting serine/threonine
protein phosphatases 1 and 2A [8,9] . Microcystins
(MCs) are highly toxic and cause illness or even
death to aquatic animals, wild life and humans beings [2, 10-14]. More than 50 haemodialysis patients
died for the contamination of the MCs in hemodialysis waters in Brazil in 1996 [2, 10]. The crisis of
water supply happened due to an algal bloom in Lake
Taihu in 2007 and Lake Erie in 2014[15, 16]. Microcystins were identified in the serum of a chronically
exposed human population (fishermen at Lake
Chaohu, China)[11]. Therefore, the WHO proposed
the guideline value of 1.0 μg/L for drinking water
and tolerable daily intake (TDI) of 0.04ȝJ kg-1 body
for MC-LReq in aquatic food [4, 17] .

ABSTRACT
A monthly investigation of intracellular and extracellular microcystin (MCs) was carried out from
January to December 2009. The spatial and temporal
variation suggested that some areas of Lake Taihu
are contanimanted by microcystin (MCs), especially
during the Summer and Autumn, in the places of
Meiliang Bay, Gonghu Bay and Yixing Bay. At
Meiliang Bay, the maximum concentration of intracellular MC-RR and MC-LR reached as high as
ȝJ/DQGȝJ/LQ2FWREHUZKLOHIRUH[WUDFHO
lular MCs, the number of it peaked in August
ȝJ/DQGȝJ/ DW0HLOLDQJ%D\IROORZHG
by the number of it in Gonghu Bay and Yixing Bay.
This suggested that the municipal contamination, industrial wastewater and traffics should be responsible for the occurrence of cyanobacteria bloom. The
ratio for intracellular MCs to extracellular MCs was
extremely high, reach as high as 220 times, thus the
intracellular MCs was a big potential hazard to ecosystem. The spatial variablity of MCs also referred
that some solutions, such as aquatic macrophyte,
may be functional in the prevention of cyanobacteria
bloom.

KEYWORDS:
Microcystin, Spatial heterogeneity, Seasonal variation,
Water column1.

INTRODUCTION
Cyanobacteria blooms, which caused by freshwater eutrophication, has become one of the most
widespread environmental and social problems
[1].These cyanobacteria blooms have led to the deterioration of surface waters,the shortage of water
supplies, and poses a serious threat to the ecosystem[2, 3]. Cyanobacteria, which includes the species
of Microcystis, Anabaena, Nostoc and Oscillatoria
are widely known to produce a variety of heptatoxins
named microcystins (MCs) [4]. MCs are a family of
monocyclic heptapeptides, with a cyclic structure of

FIGURE 1
Gerneral structure of MC: cyclo- (D-alanine1 X2-D-MeAsp3-Z4 -Adda5 -D-glutamate6Mdha7) (Modified from McElhiney and Lawton,2005, X and Z represent two variable Lamino acids).
MCs possesses stable properties to resist the
physical and chemical decomposition and would
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area, investigation on the current status of toxic cyanobacterial blooms in Lake Taihu is urgently needed.
The aim of this study is to: 1) investigate the seasonal
changes and relationship between intracellular and
extracellular microcystin from January to December
2009; 2) discuss the possible solution to improve the
water quality by comparing the temporal distribution
of five areas in Lake Taihu.

exist in the water under high temperature, low pH
and sunlight for months. [18, 19]. Dissolved MCs are
typically in the range of 0- ȝJ/ DQG FRPPRQO\
OHVVWKDQȝJ/[20, 21]. Actually, most toxins are
intracellular and would further realase to water (extracellular) after the lysis of cyanobacteria cells naturally or chemically in field studies [22, 23].
Lake Taihu, the third largest freshwater lakes in
China, locates in the east part of China. During the
past decades, the lake has undergone a steady increase in water eutrophication, and with the occurrence of cyanobacterial surface blooms in the warm
seasons each year regularly[24, 25]. As a result, by
using such kind of water for domestic purposes, particularly water drinking, may cause a risk to the public health [26]. Toxic Microcystis aeruginosa was
the absolute dominant species in the water column of
Lake Taihu during the bloom period[27, 28]
Till now, plenty of studies were investigated in
spatial changes of nutrients, total MCs and phytoplankton community in part of the lake during both
the warm bloom period and the cold seasons in Lake
Taihu [27, 29-32]. However, the spatio-temporal distribution of intracellular toxins and the relationships between extracellular and intracellular of
different variant were occasionally studied, less information is available on the changes of intracellular
and extracellular microcystin at the whole lake scale.
Furthermore, as the lake is important for water supplyˈ fishery, tourism, recreation, and shipping of
many developing cities around the Taihu drainage

MATERIALS AND METHODS
Study area. LaNH 7DLKX ƍ±ƍ1
ƍ±ƍ( LVWKHWKLUGODUJHVWIUHVKZDWHUODNH
in China (Fig. 2) with a surface area of 2338 km2, a
mean depth of 1.9 m and a maximum depth of 2.6 m.
Sites Zhushang Bay A (ZSB ƍƎ1
ƍƎ(  Meiliang bay B ( MLB
ƍƎ1 ƍƎ(  DQG Gonghu Bay C
(GHBƍƎ1 ƍƎ(  with the most
severe water bloom, were contaminated by massive
municipal and industrial wastewater. Site Yixing bay
D (YXB 31ƍƎ1ƍƎ( was located
near a canal where a great number of cargo ships
passed through every day. This region has suffered
from endogenous pollutes as well as exogenous ones
transported from the northern bays by wind in summer. Site E (ETHƍƎ1ƍƎ( located in East Taihu, is an aquatic macrophyte-dominated region with relatively good water quality in the
lake [33].

FIGURE 2
Location of the sampling sites of Lake Taihu (Site A-E)
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Toxins analysis. Monthly surveys were conducted at each site from January to December 2009.
Microcystins in the water column were fractionated
to intracellular and extracellular toxins. Intracellular
WR[LQV ZHUH H[WUDFWHGIURPF\DQREDFWHULDOFHOOV ¿O
tered from 1 L of lake water on the GF/C (GF/C,
:KDWPDQ8. 7KH¿OWUDWH / ZDVXVHGWRGHWHFW
the extracellular toxins. Filter films were extracted
three times with 30 mL methanol (75%) and the suspensions were centrifuged at 15,000 rpm (30 min at
4°C).The supernatant was diluted 1:5 with distilled
water. The liquor and distilled supernatant were directly concentrated on SPE cartridges (C18, 0.5 g),
which had been preconditioned by washing with 10
mL methanol (100%) and 10 mL distilled water. Elution from the cartridges with 10 mL methanol
(100%) was evaporated to dryness. The residue was
GLVVROYHG ZLWK  ȝ/ GLVWLOOHG ZDWHU DQG used for
the qualitative and quantitative analysis of MCs by
LC-MS. The determination was carried out on a LCMS-MS system which consisted of Agilent 1290 series HPLC system (Agilent Technologies, USA)
with a vacuum degasser, quaternary pump,

Fresenius Environmental Bulletin

autosampler and thermostated column compartment,
coupled to a Micromass Quattro Micro triple quadruple mass spectrometer 6460 (Agilent Technologies, USA) equipped with an electrospray interface.
The analytical separation of the analytes was
achieved on a Zorbax Eclipse Plus C18 3.5 mm, 3.0
x100mm (Agilent technologies, USA), and the samSOH LQMHFWLRQ YROXPH ZDV ȝ/ The mobile phase
consisted of 0.1% HCOOH (solvent A) and CH3OH
(solvent B). A gradient elution was used, starting
with water: methanol at 80:20 from 0 to5 min, and
ramping to 20:80 up to 5.1 min before returning to
the original conditions to re-equilibrate the system.
The gas (nitrogen) temperature and flow rate were
set at 325ć and 6 L/min. The sheath gas temperature
and flow rate were set at 350ć and 11 L/min, respectively. The instrument was operated in a positive ion mode. MC-LR were monitored by MRM
mode (Precursor ,RQ¶V m/z was 995.5 with production at 135.1) of 210 V fragmentor and 78 eV collision energy.

A

B
FIGURE 3
Spatial and temporal variation of intracellular and extracellular microcystin concentrations in the water
column of Lake Taihu during Januaryand December 2009. A, B, C, D and E represent the five sampling
sites (Site A-E) respectively.
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LR, make it easier to be degraded by microorganism
or other photolysis process[5].
Lake Taihu is a large shallow lake with an
unique shape and strong spatial heterogeneity of water quality and phytoplankton in different lake regions that each has different social and ecological
functions. Meiliang Bay (site B), Gonghu Bay (site
C) and Zushan Bay (site A) crowed by developing
cities were contaminated by MCs. Intracellular MCRR was highly distributed in MLB (site B) and GHB
(site C), followed by YXB(site D) and ZSB (site A).
The intracellular MC-LR levels showed the similar
tendency with lower concentrations of MC-RR,
which is in the order of Meiliang Bay
(7.3ȝJ/)>Yixiang Bay (3.88ȝJ/)> Zushan Bay
(0.52ȝJ/)> Gonghu Bay (0.51ȝJ/) in October
2009, and Gonghu Bay (6.13ȝJ/) and Meiliang Bay
(3.15ȝJ/) have a high content of MC-LR in August
2009. The intracellular MC-RR and MC-LR concentrations for Yixing bay (site D) near a canal reached
XSWRȝJ/DQGȝJ/, respectively (October
2009). Another result in east Taihu (site E) arouses
our attention. East Taihu lake has the best water
quality. This may be caused by the thrived aquatic
macrophyte which supplies the natural barrier for the
cyanobacteria blooms [41]. Extracellular MCs concentrations were always below the detection limit.
The maximum intracellular MCs (MC-RR 0.5 ȝJ/
MC-LR 0ȝJ/ DQGH[WUDFHOOXODU0&V 0&-RR
 ȝJ/, MC-LR not detected) were detected in
August 2009. Sun et al. [38]found Microcystis spp.
exhibited significant spatial distribution during the
study period, and the average Microcystis biomass in
the Zhushan Bay and Meiliang Bay was nearly 30
times greater than that in the eastern Taihu. Therefore, east Taihu lake showed a relative low MCs levels.

Statistical Analysis. Pearson correlation analysis was conducted to determine the relationship between intracellular and extracellular toxins by using
SPSS for Windows (Ver 13.0; SPSS, Chicago, IL,
USA). The relationship is considered significant at p
< 0.05.

RESULTS AND DISCUSSION
Seasonal variations of intracellular and extracellular MC-LR and MC-RR in the water column
were displayed in Figure 3. Both intracellular and
extracallular MC-RR and MC-LR were occasinally
detected in the sample of January and April, but they
are identified at most sites of August and October
with high concentration. The concentrations of intracellular MC-RR and MC-LR ranged from 0.003 to
12.3ȝJ/ and 0.01 to 7.31ȝJ/ with a peak value at
in October. While for extracellular MC-RR and MCLR, the contents varied from 0.01 to 0.12ȝJ/, 0.001
to 0.18ȝJ/, respectively, but reached maxium levels in August. Intra- and extracellular MCs concentrations were both at a low level from January to
July, but increased dramatically from August to October when water temperature increased [27]. It is
likely that there was a pre-bloom season in spring
(April) after a ³FOHDQXS period´ of winter, hence the
extracellular MCs were typically around the detection limit. Previous studies indicated that various environmental factors, including light, temperature,
and nutrients affect the production of MCs [34-37] .
The majority of MCs remains intracellularly in
healthy intact cells and thus can lead to a large increase in dissolved MCs once cells are lysed [13].
Microcystis spp. were dominant (>79% of the total
biomass) species in phytoplankton community in
summer and autumn, and Microcystis biomass increased dramatically from June to November [38].
Here, the intra/extracellular MCs showed the highest
contents in October and August, which is consisted
of the change of Microcystis biomass. Furthermore,
significant correlations between the intracellular and
extracellular MC-LR/MC-RR (p<0.05) were found
in this study. It is suggested that the highest level of
extracellular MCs in August was attributed to the accelerated lysis and cell death process of Microcystis.
And high density of Microcystis biomass resulted in
the relative high content of intracellular MCs in October.
Though MC-LR/MC-RR ratio varied from
month to month, the content of intracellular MC-RR
was higher than MC-LR in most of cases. However,
when it excrets to the water, MC-LR becomes the
dominant MC variant (2-13 times). This owes to the
special Microcystis spp. community, which produce
more MC-RR. The phytoplankton community was
mainly composed of Microcystis (>90%) in the
bloom season [39, 40]. In another hand, higher hydrophilicity of MC-RR compared with that of MC-

CONCLUSION
In conclusion, the investigation suggested that
the concentration of both intracellular and extracellular MCs was always higher in the summer and autumn because of the exposure of Microcystis communities. And intracellular MCs are another hazard
to the ecosystem for the high content. It is urgent to
find effective methods to prevent cyanobacteria
bloom, such as aquatic macrophyte.
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[13] 2WWHQ7*;X+4LQ%=KX*DQG3DHUO
+:   6SDWLRWHPSRUDO SDWWHUQV DQG
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LQ /DNH 7DLKX &KLQD ,PSOLFDWLRQV IRU ZDWHU
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+DUDGD +,   6WDELOLW\ RI PLFURF\VWLQV
IURPF\DQREDFWHULDHIIHFWRIOLJKWRQGHFRPSR
VLWLRQDQGLVRPHUL]DWLRQ(QYLURQPHQWDO6FLHQ
FH 7HFKQRORJ\  
[20] 6RQJ/&KHQ:3HQJ/:DQ1*DQ1
DQG=KDQJ;  'LVWULEXWLRQDQGELRDFFX
PXODWLRQ RI PLFURF\VWLQV LQ ZDWHU FROXPQV$
V\VWHPDWLFLQYHVWLJDWLRQLQWRWKHHQYLURQPHQWDO
IDWH DQGWKHULVNVDVVRFLDWHG ZLWK PLFURF\VWLQV
LQ 0HLOLDQJ %D\ /DNH7DLKX:DWHU 5HVHDUFK
  
[21] 7VXML.6HWVXGD6:DWDQXNL7.RQGR)
1DND]DZD + 6X]XNL 0 DQG +DUDGD .,
  0LFURF\VWLQ OHYHOV GXULQJ ± IRU
/DNHV6DJDPLDQG7VXNXL-DSDQ1DWXUDO7R[LQV
  
[22] -RQHV *- DQG 2UU 37   5HOHDVH DQG
GHJUDGDWLRQ RI PLFURF\VWLQ IROORZLQJ DOJLFLGH
WUHDWPHQWRID0LFURF\VWLVDHUXJLQRVDEORRPLQ
DUHFUHDWLRQDOODNHDVGHWHUPLQHGE\+3/&DQG
SURWHLQ SKRVSKDWDVH LQKLELWLRQ DVVD\ :DWHU
5HVHDUFK  
[23] .HQHILFN 6 +UXGH\ 6 3HWHUVRQ + DQG
3UHSDV (   7R[LQ UHOHDVH IURP 0LFUR
F\VWLV DHUXJLQRVD DIWHU FKHPLFDO WUHDWPHQW
:DWHU6FLHQFH7HFKQRORJ\  
[24] ;LH3+LVWRULFDO'HYHORSPHQWRI&\DQR
EDFWHULD ZLWK %ORRP 'LVDVWHU LQ /DNH 7DLKX
%HLMLQJ6FLHQFH3UHVV
[25] 3X 30 +X:3<DQ-6:DQJ *; DQG
+X&*  $SK\VLFRHFRORJLFDOHQJLQHH
ULQJ H[SHULPHQW IRU ZDWHU WUHDWPHQW LQ D
K\SHUWURSKLFODNHLQ&KLQD(FRO(QJ


for CSC Sponsored ChLQHVH&LWL]HQ´DQG³$FDGHPLF
Research Abroad from South-Central University for
Nationalities Sponsored Outstanding Young
7HDFKHU´

REFERENCES
[1] &DUPLFKDHO::  &\DQREDFWHULDVHFRQ
GDU\ PHWDEROLWHVWKH F\DQRWR[LQV - $SSO
%DWHULRO
[2] &DUPLFKDHO::$]HYHGR60)2$Q-6
0ROLFD 5-5 -RFKLPVHQ (0 6KDURQ/
5LQHKDUW./6KDZ*5DQG(DJOHVKDP*.
  +XPDQ IDWDOLWLHV IURP F\DQREDFWHULD
FKHPLFDO DQG ELRORJLFDO HYLGHQFH IRU F\DQR
WR[LQV(QYLURQ+HDOWK3HUVSHFW
[3] &DUPLFKDHO::7KHF\DQRWR[LQV  $GY
%RW5HV$FDGHPLF3UHVV1HZ<RUN
[4] &KRUXV,%DUWUDP-  7R[LF&\DQREDF
WHULD LQ :DWHU ,Q :+2 HG &\DQREDFWHULDO
WR[LQV( )16SRQ/RQGRQ
[5] +DUDGD.,  &KHPLVWU\DQGGHWHFWLRQRI
PLFURF\VWLQV 7R[LF PLFURF\VWLV %RFD 5DWRQ
1HZ<RUN/RQGRQ7\RNR&5&3UHVV
[6] 0F(OKLQH\ - /DZWRQ /$   'HWHFWLRQ
RIWKHF\DQREDFWHULDOKHSDWRWR[LQVPLFURF\VWLQV
7R[LFRO$SSO3KDUP
[7] 'LHWULFK ' DQG +RHJHU 6   *XLGDQFH
YDOXHV IRU PLFURF\VWLQV LQ ZDWHU DQG
F\DQREDFWHULDOVXSSOHPHQWSURGXFWV EOXHJUHHQ
DOJDO VXSSOHPHQWV  D UHDVRQDEOH RU PLVJXLGHG
DSSURDFK" 7R[LFRO $SSO 3KDUPDFRO   

[8] 0DF.LQWRVK 5 'DOE\ . &DPSEHOO '
&RKHQ3DQG0DF.LQWRVK&  7KHF\D
QREDFWHULDO WR[LQ PLFURF\VWLQ ELQGV FRYDOHQWO\
WRF\VWHLQHRQSURWHLQSKRVSKDWDVH)(%6
/HWWHUV  
[9] &DUPLFKDHO ::   7KH WR[LQV RI
&\DQREDFWHULD6FL$P
[10] $]HYHGR60)2&DUPLFKDHO::-RFKLP
VHQ(05LQHKDUW.//DX66KDZ*5
(DJOHVKDP*.  +XPDQLQWR[LFDWLRQE\
PLFURF\VWLQV GXULQJ UHQDO GLDO\VLV WUHDWPHQW LQ
&DUXDUX%UD]LO7R[LFRORJ\DQG$SSOLHG3KDUP
DFRORJ\
[11] &KHQ-;LH3/L/DQG;X-  )LUVW
,GHQWLILFDWLRQ RI WKH +HSDWRWR[LF 0LFURF\VWLQV
LQWKH6HUXPRID&KURQLFDOO\([SRVHG+XPDQ
3RSXODWLRQ7RJHWKHUZLWK,QGLFDWLRQRI+HSDWR
FHOOXODU'DPDJH7R[LFRO6FL  
[12] &KHQ - ;LH 3 =KDQJ ': DQG /HL ++
 ,QVLWXVWXGLHVRQWKHGLVWULEXWLRQSDWWHUQV
DQGG\QDPLFVRI PLFURF\VWLQVLQDELRPDQLSX
ODWLRQILVKELJKHDGFDUS $ULVWLFKWK\VQRELOLV 
(QYLURQPHQWDO3ROOXWLRQ  

6458

© by PSP

Volume 27 ± No. 10/2018 pages 6454-6459

Fresenius Environmental Bulletin

[39] 2WWHQ7*;X+4LQ%=KX*DQG3DHUO
+:   6SDWLRWHPSRUDO 3DWWHUQV DQG (FR
SK\VLRORJ\RI7R[LJHQLF0LFURF\VWLV%ORRPVLQ
/DNH 7DLKX &KLQD ,PSOLFDWLRQV IRU :DWHU
4XDOLW\ 0DQDJHPHQW (QYLURQPHQWDO 6FLHQFH
7HFKQRORJ\±
[40] 6RQJ / &KHQ : 3HQJ / :DQ 1 *DQ
1DQG;LQJ=  'LVWULEXWLRQDQGELRDFFX
PXODWLRQ RI PLFURF\VWLQV LQ ZDWHU FROXPQV$
V\VWHPDWLFLQYHVWLJDWLRQLQWRWKHHQYLURQPHQWDO
IDWH DQGWKH ULVNVDVVRFLDWHG ZLWK PLFURF\VWLQV
LQ 0HLOLDQJ %D\ /DNH7DLKX:DWHU 5HVHDUFK

[41] 3DHUO +: ;X + 0F&DUWK\ 0 - =KX*
4LQ % DQG /L < DQG *DUGQHU :6  
&RQWUROOLQJKDUPIXOF\DQREDFWHULDOEORRPVLQD
K\SHUHXWURSKLFODNH /DNH7DLKX &KLQD 7KH
QHHG IRU D GXDO QXWULHQW 1  3  PDQDJHPHQW
VWUDWHJ\:DWHU5HVHDUFK  ±

[26] 0X/1<X6==KDR-5DQG7L/0  
(SLGHPLRORJLFDO VWXG\ RQ PLFURF\VWLQ¶V HIIHFW
RQ SXSLO KHDOWK &KLQD 3XEOLF +HDOWK   

[27] :DQJ41LX<;LH3&KHQ-0D=DQG
7DR0  )DFWRUV$IIHFWLQJ7HPSRUDODQG
6SDWLDO 9DULDWLRQV RI 0LFURF\VWLQV LQ *RQJKX
%D\ RI /DNH 7DLKX ZLWK 3RWHQWLDO 5LVN RI
0LFURF\VWLQ &RQWDPLQDWLRQ WR +XPDQ +HDOWK
7KH 6FLHQWLILF :RUOG -2851$/  

[28] =KDQJ':;LH3/LX<4DQG4LX7  
7UDQVIHU GLVWULEXWLRQ DQG ELRDFFXPXODWLRQ RI
PLFURF\VWLQV LQ WKH DTXDWLF IRRG ZHE LQ /DNH
7DLKX &KLQD ZLWK SRWHQWLDO ULVNV WR KXPDQ
KHDOWK6FL7RWDO(QYLURQ  
[29] 'HQJ-4LQ%+DQV:3DHUO=KDQJ<0D
- DQG &KHQ <   (DUOLHU DQG ZDUPHU
VSULQJV LQFUHDVH F\DQREDFWHULDO 0LFURF\VWLV
VSS EORRPVLQVXEWURSLFDO/DNH7DLKX&KLQD
)UHVKZDWHU%LRORJ\±
[30] .H = ;LH 3 DQG *XR /   &RQWUROOLQJ
IDFWRUV RI VSULQJ6XPPHU SK\WRSODQNWRQ VXF
FHVVLRQ LQ /DNH7DLKX 0HLOLDQJ %D\ &KLQD 
+\GURELRORJLD
[31] /LX;/X;DQG&KHQ<  7KHHIIHFWV
RI WHPSHUDWXUH DQG QXWULHQW UDWLRV RQ 0LFUR
F\VWLVEORRPVLQ/DNH7DLKX&KLQD$Q\HDU
LQYHVWLJDWLRQ+DUPIXO$OJDH
[32] :DQJ;6XQ0:DQJ-<DQJ//XR/
DQG /L 3   0LFURF\VWLV JHQRW\SH VXFFHV
VLRQDQGUHODWHGHQYLURQPHQWDOIDFWRUVLQ/DNH
7DLKX GXULQJ F\DQREDFWHULDO EORRPV 0LFURE
(FRO
[33] 4LQ % ;X 3 :X 4 /XR / DQG =KDQJ
<   (QYLURQPHQWDO LVVXHV RI /DNH 7DLKX
&KLQD+\GURELRORJLD  
[34] 2K+0/HH6--DQJ0+.LP+6DQG
<RRQ %'   0LFURF\VWLQ SURGXFWLRQ E\
0LFURF\VWLVDHUXJLQRVDLQDSKRVSKRUXVOLPLWHG
FKHPRVWDW $SSO (QYLURQ 0LFURELRO  

[35] /HH 6- -DQJ 0+ .LP +6 <RRQ %'
DQG 2K +0  9DULDWLRQ RI PLFURF\VWLQ
FRQWHQW RI 0LFURF\VWLV DHUXJLQRVD UHODWLYH WR
PHGLXP 13 UDWLR DQG JURZWK SKDVH - $SSO
0LFURELRO
[36] /RQJ %0 -RQHV *- 2UU 37  
&HOOXODU PLFURF\VWLQ FRQWHQW LQ 1OLPLWHG
0LFURF\VWLV DHUXJLQRVD FDQ EH SUHGLFWHG IURP
JURZWK UDWH$SSO (QYLURQ 0LFURELRO 

[37] &KRUXV ,   &\DQRWR[LQV 2FFXUUHQFH
&DXVHV&RQVHTXHQFHV6SULQJHU%HUOLQ
[38] 6XQ;7DR04LQ%4L01LX<=KDQJ
-DQG;LH3  /DUJHVFDOHILHOGHYLGHQFH
RQWKHHQKDQFHPHQWRIVPDOOVL]HGFODGRFHUDQV
E\ 0LFURF\VWLV EORRPV LQ /DNH 7DLKX &KLQD
-RXUQDORI3ODQNWRQ5HVHDUFK±

Received:
Accepted:

18.01.2017
25.03.2018

CORRESPONDING AUTHOR
+RQJ*HQJ
Hubei Provincial Key Laboratory for Protection and
Application of Special Plants in Wuling Area of
ChinaˈCollege of Life Sciences ˈSouth Central
University for NationalitiesˈWuhan 430074ˈP. R.
China.
e-mail: genghong@mail.scuec.edu.cn

6459

© by PSP

Volume 27 ± No. 10/2018 pages 6460-6468

Fresenius Environmental Bulletin

TRANSPORTATION OF NITROGEN BETWEEN WATER
COLUMN AND SURFICIAL SEDIMENTS IN SIMULATE
WETTING SEASON
Ting Wang1, Kun Wang2, Xia Jiang3,*
1

Post-Doctoral Fellow, State Key laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental
Science, Beijing, 100012, China.
2
Assistant Scientist, State Key laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental
Science, Beijing, 100012, China.
3
Professor, State Key laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Science,
Beijing, 100012, China.

eastern part [1]. Dongting Lake is a typical shallow
lake with an average depth of 6-7m and a maximum
depth of 30.8m. The average water retention time of
Dongting Lake is about 18.2 days [2]. Most of the
Dongting Lake region is subtropical, with an annual
average temperature of 16.8 °C, but the maximum
temperature sometimes exceeds 40 °C during summer [2, 3]. Over the past decades, intensive human
activities have changed aquatic environment of
Dongting Lake. The lake margins of Dongting Lake
have been heavily reclaimed for agriculture, and deforestation has prevailed in its upper catchment and
adjacent area [4-7]. The levels of total nitrogen (TN)
and total phosphorus (TP) in Dongting Lake have increased from 1991 to 2011 [8]. Recent data [8] have
also indicated that Dongting Lake is mesotrophic
based on trophic level index method (TLI) [9]. However, part of the lake (Eastern Dongting) has undergone light eutrophication. Moreover, algal blooms
with an area of approximately 10 km2 have been detected in East Dongting since 2008 [10, 11].
Dongting Lake has an annual hydrological regime with wetting season and drying season resulting from the Monsoon weather [12]. Dongting Lake
open water area and flow velocity have high seasonal
variability. During wetting season from April/May
to October, flood water from Yangtze and the Four
Rivers flow into Dongting Lake. The lake expand to
2691 km2 during annual wetting season and shrink to
709 km2 during drying season from October to May
of the following year [6]. Sediments in 1982 km2 of
lake inundated during wetting season become exposed during drying season annually. Flow velocity
of Dongting Lake is higher during wetting season
than drying season. Velocity of water in East Dongting is lower than in South and West Dongting. Furthermore, the flow velocity is in the range of 0.001
to 0.1 m/s in most area of East Dongting, and is less
than 0.001 m/s in the area near shore [13]. Suspended
substance (SS) level of West Dongting in wetting
season is higher than in drying season. However, in
East and South Dongting, SS concentrations detected during wetting season is lower than drying
season. The average SS level in East Dongting (64.5

ABSTRACT
Eutrophication of Dongting Lake worsened by
water quality deterioration recent decades. Sediments in most Dongting Lake region inundated during wetting season exposed during drying season annually. In order to estimate the internal releases of N
from the sediment inundated during wetting season,
air-dried sediments collected in Eastern Dongting
were covered by cycling water with velocities of
0.025-0.2 cm/s. During water cycling (60 days), total
nitrogen (TN) in water column increased first, followed by ammonium (NH4+-N) and then nitrate
(NO3--N). Exchangeable nitrogen (EN), hydrolysable nitrogen (HN), and non-hydrolysable nitrogen
(NHN) in sediments declined during flow cycling.
The EN decreased faster in sediments rewetted with
higher velocity. The NHN in sediments transformed
into HN, EN, free nitrogen (FN), and dissolved nitrogen in sequence. NH4+-N and NO3--N in sediments declined due to the increased coupled niWUL¿FDWLRQ-denitrification rate in rewetted sediments.
NH4+-N and NO3--N in sediments also transported
into pore water. NH4+-N and NO3--N in the pore water diffused to water column. NH4+-N in water column also oxidized into NO3--N in this study.

KEYWORDS:
surficial sediment, nitrogen, Dongting Lake, water flow

INTRODUCTION
Dongting Lake (28°30ƍ±29°38ƍN, 112°18ƍ±
113°15ƍ E) located in the middle Yangtze River region, is the second largest freshwater lake in China.
Dongting Lake is divided into three parts (East,
South and West), in which the East Dongting is the
biggest one. The waters of Dongting Lake are mainly
from Four Rivers (Xiangjiang River, Zishui River,
Yuanjiang River, Lishui River) and Yangtze River;
they flow into the western and southern parts, and
drain into the Yangtze at Chenglingji through the
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METHODS

mg/L) was higher than in South and West Dongting
(18.9 and 8.9 mg/L) [14]. Seasonal changes of nitrogen (N) and phosphorus (P) concentrations were also
observed in Dongting Lake. Concentration of TN,
nitrate (NO3--N), ammonium (NH4+-N) and TP in
water and sediments in June was higher than those in
January [10]. The average annual sediment load of
Dongting Lake between 2003 and 2008 was
10.1×106 t. 76.1 percent of annual water flow enters
Dongting Lake during wetting season [15]. N and P
exchange seasonally at the sediment-water interface
of Dongting Lake because of the rapidly changing
hydrology and hydrodynamic conditions seasonally
[3]. However, the other researchers indicated that P
in water of Dongting Lake mainly came from Dongting Lake area, Yuanjiang River and Xiangjiang
River, while N mainly from Xiangjiang River [16,
17]. N and P concentration in the lake water are not
only affected by external loadings, but also by internal releases [18, 19]. Under anoxic conditions, fluxes
of nutrients, soluble reactive phosphate (SRP) and
NH4+-N, from internal releases can exceed those
from external loadings [20]. An excess of these nutrients may lead to diverse problems such as harmful
algal blooms (HABs), taste and odor problems and
loss of biodiversity [21-23].
Studies indicated that drying-rewetting impact
nitrification and denitrification in soils and streams.
Nitrification and denitrification processes failed to
fully recover in sediments dried more than 7 d [24].
However, it was also published that nitrification
rates enhanced in rewetting process wetland sediment cores [25]. Complete desiccated sediments will
result in a flush of available N and P in the first few
weeks after rewetting [26, 27]. Water in lake is clear
with very low SS levels in low flow conditions. During these conditions the SS from sediments is assumed to be absent or neligible [28]. Therefore, the
transportation of N from sediment in Dongting Lake
with low flow velocity during wetting season is unclear. To estimate the N cycling and eutrophication
risk of Dongting Lake, there is an urgent need to analyze transportation of N from internal and external
sources in Dongting Lake during wetting season.
However, it is difficult to estimate the external loadings and internal releases of N in the lake water during wetting season through existing researches. How
much N is released to the water column from sediments during the wetting season? What are the N
species in water and sediments during rewetting process, and how flow velocity affects the process? In
order to answer these questions, N species in water
column and rewetted surficial sediments of Dongting
Lake were investigated with an indoor microcosm
with variable flow velocity.

Description of microcosm. The indoor microcosm with water circulating system (Fig. 1) used for
this study consisted of separate hydrological units
(1 m×0.1 m×0.7 m), which included inflow water
distributors, outflow water distributors, pumps, and
pipes with a 0.5 cm diameter. As showed in Fig.1,
water in hydrological unite was pumped and was cycled through a 0.5 cm diameter pipe, an inflow water
distributor, a hydrological unit and an outflow water
distributor in each unit with variable velocity. Stable
low flow conditions in lake were mimicked by water
flowed through 50 holes in each water distribution.
Sampling. Sediment samples were collected at
point YYL (29°23'53.2"N 113°06'28.4"E) using a
Van Veen stainless steel grab sampler from a depth
of <10 cm in Eastern Dongting, Dongting Lake. The
water depth of YYL is 1-2 m. Stones and other solid
debris in the sediments were removed before being
mixed thoroughly. The mixed sediments were airdried at 24 °C and then introduced into the units of
microcosm.
Experimental methods. Sediments (1 kg)
were placed on the bottom of each hydrological unit
with a depth of 3cm. In order to avoid resuspension
of sediments, distilled water (50 L) was gently
pumped into each unit subsequently with a depth of
55cm. The units were started and run for 60 days
simultaneously when water flow in the units cycled
through hydrological cycle system with a constant
flow velocity of 0.025, 0.05, 0.1, 0.15, and 0.2 cm/s,
respectively. Sediment samples (2g) were collected
from the bottoms of unites. Water samples (100mL)
were collected from the middle sites of unites at a
height of 25 cm. During this study, the water column
had a temperature of 25 °C. The evaporation of water
was replenished with distilled water.
Analytical methods. The pH, dissolved oxygen (DO) and oxidation-reduction potential (ORP)
levels of water were measured using a HACH
pH/dissolved oxygen/conductivity monitor and a
Mettler Toledo SG68-SevenGo Duo multi-parameter water quality meter. The pH and ORP values of
sediments were measured by an Extech Waterproof
pH, Chlorine, and ORP Meter. The concentrations of
ambient nitrate (NO3--N) and ammonium (NH4+-N)
in water column samples were measured manually
using the cadmium±copper reduction method and the
indophenol method respectively [29, 30]. TN was
measured by colorimetry after digestion of the total
samples with potassium persulfate and sodium hydroxide to NO3--N [31].
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FIGURE 1
Hydrological unit with water flow
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118±249 mv, and pH of 7.26±8.44. The pH and ORP
of sediment in each unit ranged from 7.59 to 8.15 and
-180 to 180 mv respectively. As shown in Table 1,
the pH of sediments decreased after 60 days of rewetting. The ORP of sediments decreased over the
initial 30 day of rewetting, and then increased in the
latter 30 days of rewetting. However, the pH and
ORP of water in all the units increased finally (Table
1). The ORP of water in most units decreased. However, after 30 days of flow cycling, the ORP of water
was increased to more than 200 mv in most units.
During water cycling, the DO of water decreased
slightly from 8.07 mg/L to less than 7.72 mg/L, and
then increased.

Nitrogen species in the sediments, including
free nitrogen (FN, nitrogen in pore water), exchangeable nitrogen (EN), hydrolysable nitrogen (HN), and
non-hydrolysable nitrogen (NHN), were analyzed
using the sequential extraction method [32]. All
treatments were carried out in triplicate with the relative errors less than 5 %.

RESULTS
Sediment and water column characteristics.
During flow cycling, the water column had a temperature of 23±27°C, DO of 6.99±8.45 mg/L, ORP of

TABLE 1
ORP, pH and DO in sediment and water column during flow cycling
Sediments
Water
Time (d).
ORP
pH
DO
ORP
0
8.07
249
1
180
8.15
7.03
164
12
-69
7.82
7.3
160
30
-137
7.79
7.41
156
60
7
7.73
8.44
119
0
8.07
249
1
141
8.02
7.2
152
12
130
7.79
7.25
135
30
-122
7.64
6.99
201
60
83
7.66
8.35
118
0
8.07
249
1
130
7.85
7.56
191
12
-180
7.69
7.5
148
30
-61
7.7
7.88
145
60
88
7.78
8.45
175
0
8.07
249
1
130
7.91
7.31
192
12
-97
7.66
7.35
143
30
-94
7.64
7.47
216
60
-8
7.59
8.41
124
0
8.07
249
1
121
7.99
7.69
201
12
-12
7.77
7.47
146
30
-133
7.71
7.46
221
60
23
7.68
7.6
134

Velocity
(cm/s).

0.025

0.05

0.1

0.15

0.2

pH
7.56
7.26
7.77
7.93
8.24
7.56
8.03
8.18
8.20
8.44
7.56
8.29
8.23
8.21
8.40
7.56
8.02
8.23
8.25
8.43
7.56
8.09
8.28
8.31
8.26
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FIGURE 2
Concentration of nitrogen in water column during flow cycling with different velocity
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30 days. NO3--N levels in all of the samples increased in the initial 30 days, and then decreased.
6LJQLILFDQWFRUUHODWLRQ 5 ZDVQRWREVHUYHG
between velocities and NH4+-N, NO3--N, or FN in
pore water.
The distribution and concentration of EN (TN
in EN), HN (TN in HN), and NHN (TN in NHN) in
sediment are shown in Fig. 4. ɜTN (sum of EN, HN,
and NHN) in all the sediment samples decreased to
less than 190 μg/g in 60 days of flow cycling. Overall, EN, HN, and NHN all decreased rapidly during
experiment. EN in sediments decreased during flow
cycling. It was also shown that, as velocity increased, EN decreased more rapidly. NH4+-N in EN
from sediments increased by 22.1%±30.3% within
the first day of rewetting, and then decreased as flow
velocity decreased from 0.025 cm/s to 0.15 cm/s.
However, in samples with a velocity of 0.2 cm/s,
NH4+-N in EN decreased continuously. NH4+-N in
EN from sediments decreased by 56.6%±79.5% at
the end of experiment. NO3--N in EN increased by
15.4%±54.4%, and then decreased by 13.9%± 64.0%
over 60 days in most samples, except for samples
with a velocity of 0.025 cm/s. After immersion, HN
in sediments nearly doubled after 1 day of rewetting,
and then declined to less than 50 μg/g throughout the
study as flow velocity increased from 0.025 cm/s to
0.2 cm/s. NH4+-N in HN decreased by more than
85.5% during flow cycling. It follows that hydrolysable organic nitrogen, which nearly tripled over 1
day of flow cycling, was the main constituent of HN.
NHN declined from 626.3 μg/g to less than 185.0
μg/g over 60 days. 6LJQLILFDQWFRUUHODWLRQ 5 
was not observed between velocities and NH4+-N,
NO3--N, EN, HN, or NHN in sediments.

Effects of flow velocity on nitrogen distribution. NH4+-N, NO3--N, and TN in water column during flow cycling are shown in Fig. 2. TN level in water increased from 0.05 μg/g to more than 24.8 μg/g
in the first day of rewetting, and then decreased to
1.5±3.3 μg/g in the initial 30 days of water cycling.
A slight increase of TN was observed in water in the
latter 30 days of experiment. However, the highest
concentrations of NH4+-N in the water column
(0.82±1.39 μg/g) were observed in the initial 30
days. After 60 days of rewetting, NH4+-N decreased
to 0.11±0.31 μg/g. The increase of NO3--N in the water differed from the increase of NH4+-N and TN.
NO3--N levels increased in the initial 30 days. Obvious differences were not observed in NO3--N concentrations from samples collected in the latter 30
days, except for samples with a velocity of 0.025
FPV1RVLJQLILFDQWFRUUHODWLRQ 5 ZDVRE
served between velocities and NH4+-N, NO3--N, or
TN in water column.
As shown in Fig. 3, FN (TN in FN) concentration in pore water ranged from 1.89 μg/g to 367.7
μg/g and was higher than TN in water column in almost samples taken during flow cycling. The highest
FN levels were observed in sediment samples rewetted for only 1 day. The FN concentration declined rapidly to less than 4.43 μg/g in 60 days. However, the highest NH4+-N and NO3--N levels were not
observed in samples collected in the first day of rewetting. NH4+-N concentrations increased from the
range of 0.55±0.73 μg/g to 0.91±2.19 μg/g during the
initial 30 days of experiment, and then decreased,
while flow velocity increased from 0.025 cm/s to 0.1
cm/s. In samples with a velocity of 0.15 and 0.2
cm/s, NH4+-N increased during the initial 30 days of
water cycling, and then remained stable in the next
400
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FIGURE 3
Concentration of nitrogen in pore water during flow cycling with different velocity

6464

Volume 27 ± No. 10/2018 pages 6460-6468

© by PSP

Fresenius Environmental Bulletin

EN

50

+

NH4 -N
-

NO3 -N

Concentration (Pg/g)

40

TN

30

20

10

00

0

1

5
30
60

10

0

1

30 1560

0

400

20

1 30 6025

0

130 30 60

25

0

1 30 60

1 30 60

0

1 30 60

35

0

1

40

30 60

45

35

0

1

40

45

0

1

30 60

HN

Concentration (Pg/g)

300

200

100

00

0

1

5

30 60

10

0

1

15

30 60

0

800

20

1 30 60

30

30 60

NHN

Concentration (Pg/g)

600

400

200

00

0

1

30 60

0.025

0

1

30 60

0

0.05

0.1

0.15

0.2

Velocity (cm/s)

FIGURE 4
Concentration of nitrogen in sediments during water cycling with variable velocity
FN after experience, except in samples with a velocity of 0.025 cm/s. EN concentration was lower than
FN in each unit within the first day of flow cycling.
However, EN concentration was 2.1±10.4 times that
of FN after 30 days of rewetting. The ratios of EN to
FN increased over time in samples with higher velocity (ı0.1 cm/s). HN levels were higher than EN
in almost all samples. The maximum difference

DISCUSSION
FN was higher than TN in water column in all
units after 30 days of flow cycling. In the first day of
rewetting, FN concentration was 3.1±14.8 times that
of TN. The maximum difference between FN and
TN was observed in samples with a velocity of 0.05
cm/s. TN, which increased in water, was higher than
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trend after being submerged in water. Therefore,
NO3--N in water column may come from the oxidization of NH4+-N under aerobic conditions. NH4+-N
and NO3--N in water column may come from the diffusion of NH4+-N and NO3--N in pore water. NH4+N and NO3--N in sediments were the sources of
NH4+-N and NO3--N in pore water. The reductions of
NH4+-N and NO3--N in sediment can also result from
an increased coupled QLWUL¿FDWLRQ-denitrification rate
and/or assimilation by microorganisms in the process of water cycling.

between HN and EN was observed in samples collected after sediments were immersed in water for 1
day of rewetting. HN in sediments doubled while
NHN decreased by 33.1%±55.2% within the first
day of cycling. Soil research has shown that the
NHN fraction is not inert but can be converted microbiogically and chemically to NH3 and other Ngases [33-35]. Therefore, after having been covered
by water, N in sediments transports from NHN to
HN, then to EN, and finally into pore water (FN). N
in pore water is then released to water column. N in
sediment may convert to NH3 and other N-gases, and
then leave the sediment and water to evaporate into
the air during flow cycling. Transportation and relaxation were rapid at the beginning of immersion
(the first day of rewetting), and later slowed. Furthermore, transportation and relaxation of N were
quicker in samples with a higher cycling velocity (
ı0.1cm/s).
In aerobic (DO of water column=5-7mg/L) and
oxygen saturation conditions (DO of water ı
8.6mg/L), NH4+-N is stable under anaerobic conditions and is adsorbed or stored by biotic assimilation
[36]. Under aerobic conditions, NH4+-N is oxidized
to NO3--N, which is subsequently assimilated by
plants or transformed through denitrification to the
gaseous forms N2, N2O (greenhouse gas), and NO
[36]. Previous work has shown that the release of
dissolved nutrients from sediment pore water into
the water layer contributes importantly to eutrophication [37]. O2 serves as the primary terminal oxidant
(electron acceptor) in the decay of organic matter in
underwater sediments. Once O2 is depleted, NO3--N
is used as the terminal electron acceptor by bacteria
[38]. Therefore, water column may have briefly created anaerobic conditions and a subsequent reduction of NO3--N to N2 or NH4+-N from denitrification,
DPPRQL¿FDWLRQ or dissimilatory NO3--N reduction
to NH4+-N, DNRA [39, 40]. Denitrification through
sediment drying and rewetting, which promote NO3-N loss, was observed in wetlands and lakes [25, 39,
41]. Increase of NH4+-N in peat soil covered by water can be attributed to the low ORP of soil, at which
nitrification is hampered and the nitrate pool becomes depleted while (anaerobic) decomposition
continues [42]. However, a persistent decrease of
NH4+-N in EN from sediment dried over 75 days and
rewetted over 25 days was also reported [39]. Declines of EN, NH4+-N, and NO3--N in EN were all
observed in this study.
In this research, DO in water column declined
(initial 30 days of rewetting) and then increased (latter 30 days). However, the water column was under
aerobic conditions during water cycling. NH4+-N in
water column increased in the initial 30 days and
then decreased. NO3--N levels in water column increased rapidly as NH4+-N declined over 60 days in
units with velocity of 0.05±0.2 cm/s. With the increase and decrease of NH4+-N in TN and FN, NO3-N concentrations in FN showed the same changing

CONCLUSIONS
During water cycling, water column was under
aerobic conditions. DO in water column declined initially, and then increased. TN in water column increased first (rewetted after 1 day), followed by
NH4+-N (30 days of rewetting), and then NO3--N (60
days of rewetting). FN was higher than TN from water column in the initial 30 days of flow cycling. The
highest FN levels were observed in samples that
were rewetted after 1 day of rewetting. NH4+-N in
FN increased (initial 30 days), and then remained
stable. NO3--N in FN increased (initial 30 days), and
then decreased. EN, HN, and NHN in sediments decreased during flow cycling. EN declined faster in
samples from units with higher velocity. NH4+-N in
EN and HN declined during experiment. NO 3--N in
EN increased and then decreased in samples with velocity of 0.05±0.2 cm/s.
NHN in rewetted sediments was converted to
HN, and then to EN. EN was converted to FN, and
then released to water column. N in sediment may
convert to NH3 and other N-gases, and then left from
the sediment and water into the air during flow cycling. Transportation and relaxation of N were rapid
in the beginning of immersion (1 day of rewetting),
but slowed later on. Furthermore, transportation and
relaxation were quicker in samples with a higher cycling velocity (ʈ0.1cm/s).
Increased coupled QLWUL¿FDWLRQ-denitrification
rate and/or assimilation by microorganisms in sediments during water cycling caused a decline in
NH4+-N and NO3--N in sediments. NH4+-N and NO3-N in sediments were also transported into pore water. NH4+-N and NO3--N in pore water were diffused
to water column. NH4+-N in water column oxidized
into NO3--N in the process of flow cycling.
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development. Meanwhile, WES is going through the
process of recession. Several indicators have been
proposed in the last few decades to present a quantifiable basis by which to measure the sustainable use
of natural resources. Among these indicators, ecological footprint (EF) was originally put forward by
Rees (1992) [1], supplemented and perfected by
Wackernagel (1996) [2-4] to measure the dynamic
distribution of natural resources. Also, water footprint (WF) was originally proposed by Hoekstra
(2002) [5] to measure the quantity of water resources
required for all the products and services consumed
within a certain period of time. And after that, WEF
was derived from EF and WF to evaluate the sustainability and metabolic intensity of water resources by
converting the water resources which consumed by
humans into the equivalent amount of biologically
productive lands and waters [6].
Researches on WEF in the last few years were
focused on the following 5 aspects: (1) Fundamental theories and calculating methods of WEF. For example, Liu et al. gave an introduction of the concept
of WEF as virtual water, and then introduced the
quantify methods of virtual water content calculation
and review research progress on virtual water [7]. (2)
WEF calculation at different scales. From the global
perspective, Chapagain and Hoekstra measured and
evaluated the global WEF completely [5]. For the
country, Luck et al. calculated EF of water and food
in America based on EF theory and WEF model [8].
And at the smaller scale, Fan incorporated the fresh
water resources into the traditional EF theory for the
purpose of analyzing fresh water resources EF of
Jiangsu province [9]. Except that, some researchers
have integrated the various scales in the same study.
For example, based on WEF model, Wang et al. calculated the water resources EF of Liao River Basin
from the multi-scale of city, watershed and basin [10].
(3) Improvement of WEF calculation model. Jenerette
et al. improved the spatial heterogeneity EF model
proposed by Luck and applied it to calculated WEF
and its influential factors of America and China [11].

ABSTRACT
As the first pilot city of water ecological civilization construction, Jinan suffers from a poor state
of water ecological sustainability (WES). Based on
generalized regression neural network (GRNN) and
a 10-year record of relevant data (from 2006 to
2015), this study proposes a prediction and evaluation model aiming to simulate the future WES of Jinan in the following 5 years. To develop such datadriven models efficiently, a water ecological footprint (WEF) basic model is adopted to analyze the
dynamic evolvement rules of WEF during 20062015. Two integrated indicators which named coupling index and coupling coordinative index of water
ecological sustainability (CIWES and CCIWES) are
then independently integrated from water resources,
society, economy and ecological environment systems to further construct WES evaluation model. Results indicate that water pollution footprints contributed 85.5㸣 WR-LQDQ¶VWEF and it led to a poor WES
in the process of water ecological civilization construction. More seriously, despite the future WES on
rise, it was still in a relatively poor state and has not
return to the higher state in its history. The study
demonstrates that the coupling coordination and mutual benefit of each subsystem in the nature should
be paid equivalent attention.

KEYWORDS:
Water ecological sustainability, Water ecological footprint, GRNN model, Influential factors, Prediction and
evaluation

INTRODUCTION
The rapidly growing population, highly developing economy and deteriorating water ecological
environment have resulted in the increasing water
scarcity and pollution which limit the city
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evolvement rules of WEF within Jinan from 2006 to
2015 at the background of water ecological civilization construction. Secondly, some representative indicators were independently picked out from water resources, society, economy and ecological environment systems to construct WES evaluation model.
Through CIWES and CCIWES in the WES evaluation model, we further defined WES within Jinan during
2006-2015.
Finally,
combining the advantages of GRNN model in less prediction error and
better stability, we applied the model to predict future
WEF, WEC and the trend of WES for the purpose of
further allocating water resources optimally and constructing the pilot city of water ecological civilization
within Jinan.
The structure of the paper is organized as follows: the next section describes the methods and materials, including study area and data collection, WEF
basic model, WES evaluation model and GRNN
model. Section 3 shows the main results of dynamic
evolvement UXOHVRI-LQDQ¶VWEF during 2006-2015,
WES and evolution trend of future sustainability, followed by the conclusions in the final section.

On the basis of traditional WEF models, Zhou et al.
proposed the standardized research model and dynamic WEF model in view of the ecological overdraft
limit [12]. (4) Spatiotemporal sequences and influencing mechanism analysis of WEF. Sun et al. analyzed
the spatial distribution variations in the past 11 years
using Gini coefficient and Theil index based on the
calculated water footprint in different regions of
China from 1997 to 2007 [13]. Jin et al. quantified the
agricultural water footprint within Beijing from 1980
to 2012 and examined the factors of population, urbanization level, GDP per capita, Engel coefficient,
and total rural power using an extended stochastic impact by regression on population, affluence and technology (STIRPAT) model [14]. (5) WEF prediction.
For example, Ercin and Hoekstra developed four scenarios for Europe for 2050 to estimate possible future
changes in the green, blue and grey water footprint of
production and consumption, as well as analyzed the
main drivers of projected changes and to assess EuropH¶V IXWXUH GHSHQGHQFH RQ ZDWHU UHVRXUFHV HOVH
ZKHUHLQWKHZRUOG>@/LHWDOFDOFXODWHG%HLMLQJ¶V
WEF by water poverty index (WPI) and built the autoregressive integrated moving average (ARIMA)
model to forecast WPI from 2015 to 2030 [16]. Zhang
et al. calculated WEF 㸪 water ecological capacity
(WEC) and water ecological surplus of Guangxi
from1997 to 2014㸬On the basis of the calculation result, grey neural network model was used to dynamically simulate and predict the trend of 2015-2019 [17].
Surprisingly, the previous studies on WEF suggested that most of the scholars focus on WEF calculation models and their improvements. Rarely, there
are WES prediction in the future or their practical applications from the perspective of WEF. However, the
trend of future WEF is a critically influential factor in
the process of water ecological sustainable development and water resources optimal allocation. Meanwhile, the previous studies on WEF focused on its
own study and there is a lack of incorporating WEF
into society, economy and ecological environment
systems. In other words, the coupling coordinative inGH[DPRQJWKHFRPSOH[V\VWHPFRQVLVWRI³:DWHUUH
sources ± Society ± Economy ± Ecological EnvironPHQW´KDVQRW\HWEHHQVWXGLHG
Jinan, the capital of Shandong province, as the
first pilot city of water ecological civilization, is suffering from a serious contradiction between water
supply and water demand. For the purpose of guaranWHHLQJ -LQDQ¶V ZDWHU HFRORJLFDO FLYLOL]DWLRQ ZKDW
is most urgently needed is to clear the water resources
footprint and its dynamic evolvement rules. In the exLVWLQJUHVHDUFKHVRI-LQDQ¶VZDWHUUHVRXUFHVVXVWDLQD
ble utilization, most of which focused on analyzing
the utilization ratio of water resources at present. In
contrast, there was a lack of systematic simulation and
prediction of WES from the perspective of WEF. In
view of this deficiency, this paper aims to incorporate
WEF theory into systematic simulation and prediction
of WES. Firstly, we researched the dynamic

MATERIALS AND METHODS
Study Area and data collection. Jinan, the
capital of Shandong province which located in the
eastern coastal area of China, is the first pilot city of
water ecological civilization construction named by
Ministry of Water Resources in 2013. As a famous
landscape city, Jinan is referred to as Spring City due
to its large number of diversiform springs. Experiencing tremendous development of economy, the
amount of surface and ground water mining is gradually increasing. Meanwhile, the water pollution crisis is also intensifying due to the increased
wastewater and population. As a result, WES in Jinan is going worse and it has affected the spring
spewing. More seriously, the worsening WES has
led to a bad water ecological environment which will
pose negative impacts on the healthy development of
-LQDQ¶VVRFLHW\DQGHFRQRP\
Annual data (2006-2015) in Jinan on the yearly
population and GDP are obtained from the Jinan Statistical Yearbook from 2006 to 2015 [32]. Data of
water resources constitutive of total water resources,
water consumption, quantity of wastewater effluent
and rainfall are collected from the Jinan Water Resource Bulletins from 2006 to 2015 [33].
WEF Basic Model. (1) WEF Calculation.
The concept underlying WEF is that productive land
of water resources consumed or utilized by humans
or natural environment evolution under the circumstances of the certain population and economy [18].
Total WEF includes the sum of three types of lands
or waters [19]. EF of aquatic products (WEFap) refers to the part directly consumed by aquatic
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ecological environment [20]. While many studies
demonstrate the necessity of leaving 60㸣 of water
resources for maintaining ecological environment
development and biodiversity, WEC can be calculated as:
WEC N u ef wec 1  0.4 u Iwr u M u Q / Pwr (5)

products which humans need. EF of water resources
(WEFwr) consists of life, agriculture, industry and
off-stream ecological water. Finally, EF of water
pollution (WEFwp) represents the part which applied to digest water pollution (surpassing the water
bearing capacity, such as COD, NH3-N et al.) produced during the process of livelihood and manufacture. It is worth mentioning that WEFap is covered
in the industry part of WEFwr, so it is needless to
calculate WEFap separately in the model calculation. And generally, the time-series study of WEF
should be calculated from two aspects of water quantity and quality.
Based on the water footprint network approach
[20-24], WEF calculation model can be written as:

WEFwr

N u ef wr

Iwr u U wr / Pwr

WEF WEFwr  WEFwp

M

WES Evaluation Model. The concept underlying sustainability is considered as the persistent state based on the complex system constitutive RI ³6RFLHW\ ± Economy ± Ecological EnvironPHQW´>@. While regarded as the main body of
WES, water resources not only provide the basis support but also form the interactive and interdependent relationship with the complex system.
Therefore, this study attempts to incorporate the
µ:DWHU 5HVRXUFHV V\VWHP¶ LQWR LW FRQVWUXFWLQJ WKH
VXVWDLQDEOHHYDOXDWLRQPRGHORI³:DWHU5HVRXUFHV±
Society ± Economy ± (FRORJLFDO(QYLURQPHQW´)RU
the purpose of responding regional coordinated
and comprehensive development between the subsystems, 4 representative indicators are independently picked out to quantitatively calculate the
sustainability index of water ecological footprint²
water resources ( SI wef  wr ), sustainability index of

(1)
(2)

refers to the global water

equivalence factor which can be calculated by
WWF2000 [9], Pwr is the average global water production capacity which can be considered as
3140m3/ hm2 [9], U wr is the water resources utilized
in the region (m3), U wr

dw

, U wr

aw

,

U wr iw , U wr orew

represent the living water, agricultural water, industrial water and off-stream ecological water, respectively (m3).
Introducing COD and NH3-N as the representative indicators to measure the impacts of water pollution on ecological water quality. WEFwp can be
calculated as:
WEFwp WEFwp COD  WEFwp NH3 -N
(4)
§U
U NH3 -N ·
Iwr u ¨ COD 
¸
¨ PCOD PNH -N ¸
3
©
¹
Where,

(6)

(hm2/per capita), Q and M are the regional total
water resources and water production factor, respectively, P refers to the regional runoff modulus and
it can be considered as 2180 m3/ hm in Jinan [9]. According to Formula (6), the M of Jinan is 0.694.

(3)
U wr dw  U wr aw  U wr iw  U wr orew
Where, N is the total amount of population
(per capita), ef wr represents the WEFwr for per capita

Iwr

P / Pwr

Where, ef wec represents the WEC for per capita

U wr

(hm2/per capita),
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water ecological footprint²society ( SI wef  soc ),
sustainability index of water ecological footprint²
economy ( SI wef eco ), sustainability index of water
ecological
( SI wef ee ).

SI wef  wr

footprint²ecological

WEF / WEC

environment

(7)
(8)

WEFwp COD and WEFwp NH3 -N repre-

sent WEF of COD and NH3-N, respectively (hm2),
U COD and U NH -N refer to COD and NH3-N emis-

SI wef eco

WEF / GDP

(9)

SI wef ee

WEFwp /WEF

(10)

sions in the regional waters (t), PCOD and PNH -N
3

Where, GDP should be calculated in ten thousand Yuan. It is worth noting that the bases of calculation of the 4 indicators are various, so the normalization processing must be applied.
When the 4 indicators are calculated separately,
CIWES and CCIWES can be integrated to reveal regional WES from the standpoint of interactivity and
coordination, respectively. CIWES describes the interactivity between WEF and each subsystem of
³:DWHU5HVRXUFHV± Society ± Economy ± EcologiFDO (QYLURQPHQW´ 1HYHUWKHOHVV CCIWES

3

represent the absorptive capacity of COD and NH3N, respectively, which have been calculated as
0.0629 t/ hm2, 0.0031 t/ hm2 according to the Environmental Quality Standards for Surface Water
(GB3838-2002) [25].
(2) WEC Calculation. WEC refers to the land
area occupied by the most supporting water resources which utilized to maintain the sustainable
development of regional society, economy and
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Substituting the density function fÖ X , y

represents the internal coordinate development level
between each subsystem under the background of
water ecological civilization construction. Drawing
on the experience of Coupled Capacity Coefficient
Model [28], the computing formulas of CIWES and
CCIWES can be generalized as:
CIWES

ª SI
wef  wr u SI wef  soc u SI wef  eco u SI wef  ee
«
« SI
¬ wef  wr  SI wef  soc  SI wef eco  SI wef ee

into the conditional mean of y given by X . In particular, combining (14) and (15) and interchanging
the orders of integration and summation yields.

4

º
»
»
¼

YÖ X

i 1

n

n 2S

V

p 1

mean of the observed Yi . On the other hand, a

smaller value of V allows the estimated density to
assume non-Gaussian shapes. When V goes to 0,

YÖ X assumes the value of the Yi associated with
the observation closest to X . For intermediate values of V , all values of Yi are taken into account, but
those corresponding to points closer to X are given
heavier weight.
In this paper, WEFwr, WEFwp, WEC, N and
GDP were chosen to be the influential factors to
WES and based on the time-series theory [31], the
influential factors of the former 3 years were employed to predict those of the next year. Dividing the
influential factors from 2006 to 2015 into 7 groups
and among which, the former 6 groups were regarded as the training samples while the last as the
testing sample. Meanwhile, to stay reasonable and
dynamic, the earlier data were substituted by the recent data to predict the future influential factors. In
other words, the input data were all along the influential factors for nearly 3 years.

yf X , y dy

ª

¦ exp «

(14)

f X , y dy

i 1

X  Xi

T

2V 2

¬«

ª X  Yi
X  Xi º
e p «
ex
» exp
2V 2
«¬
¼»

2

º
»
»¼

RESULTS AND DISCUSSIONS

(15)
Where, X i ࠊ Yi are the sample observations
of the random variables

T

2V 2

stances, YÖ X assumes the value of the sample

tion fÖ X , y can be calculated as follows:
p 1
2

¬«

X  Xi

value is weighted exponentially according to its Euclidean distance from X .
When the smoothing parameter V is made
large, the estimated density is forced to be smooth
and becomes a multivariate Gaussian. In the circum-

In this paper, we use the class of consistent estimators proposed by Parzen [30]. The density func1

2

of the sample observations Yi , where each observed

GRNN Prediction Model. The GRNN model
is a memory-based network that provides estimates
of continuous variables and converges to the underlying (linear or nonlinear) regression surface. This
model is a one-pass learning algorithm with a highly
parallel structure. Even with sparse data in a multidimensional measurement space, the algorithm provides smooth transitions from one observed value to
another [29]. The theoretical basis of GRNN model
is the regression of a dependent variable Y on an independent variable X , in another word, is the computation of the most probable value of Y for each
value of X . Let X be a particular measured value of
the random variable x (influential factor). The conditional mean of y (prediction result) given by X can
be calculated by:

fÖ X , y

T

(16)

spectively. This study adopted Fuzzy Clustering Cycle Iterative Model to calculate the weights and they
have been obtained after simulation for 48 times:
D 0.2705, E 0.2752, F 0.2691, G
0.1852.

f

X  Xi

Where, YÖ X is the weighted average of all

F and G refer to the weights of 4 subsystems, re-

f
f

ª

X  Xi º
»
¼»
n
ª X  Xi T X  Xi º
exp « 
»
¦
2V 2
i 1
«¬
¼»
i

CIWES u T
(12)
D u SI wef wr  E u SI wef soc  F u SI wef eco  G u SI wef ee
(13)
Where, T represents the regional comprehensive index of abovementioned 4 subsystems, D , E ,

³
³

ª

n

CCIWES

E y/X

E y/X

¦ Y exp «

T

YÖ

ª X  Yi 2 º
X  Xi º f
» ³f y exp « 
» dy
2V
2V 2 »¼
i 1
«¬
»¼
«¬
n
ª X  Xi T X  Xi º f
ª X  Yi 2 º
exp « 
» ³f exp « 
» dy
¦
2
2
2V 2 ¼»
V
i 1
«¬
¼»
¬«
n

¦ exp «

1/4

(11)

f

Fresenius Environmental Bulletin

Dynamic evolution analysis of WEF and
WEC. Dynamic evolution of WEF and WEC within
Jinan from 2006 to 2015 are displayed in Figure 1.
The results which showing WEC lower than WEF all
the year round indicate the water resources carrying
capacity has been in a state of water ecological deficit, which corresponding with the water shortage of
resource type in Jinan.

x and y , n is the number
p

of sample observations,
is the dimension of the
random variable x , V is the smoothing parameter.
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Monitoring Programme [35] in Jinan was initially
drawn up and carried out to solve the problems of
rain and sewage mixed flow, as well as water pollution.
During the study period, WEFwp is the larger
part of the total WEF, with an annual mean proportion of 85.5㸣, followed by WEFwr, which accounts
for 14.5㸣. This result clarifies that the water shortage of quality type is fairly obvious in Jinan. As a
landscape city, water quality should be considered
particularly in the future process of developing and
utilizing water resources.

Meanwhile, we can conclude that WEF in Jinan
develops in wave. There is a rising trend from 2006
to 2010 and WEF is risen from 14.87 to 21.28 million hm2. Later, it relatively decreases to a steady
state between 19.87 and 20.92 million hm2 during
2010-2015. As shown in Figure 1, water pollution is
the major focus to the rising WEF from 2006 to
2010. Whereas, Measures for Administration of the
Total Water Consumption Control in Jinan [34]
which initially carried out in 2011 led to the decreasing trend of WEF.
WEC has been in a steady state between 0.54
and 1.44 million hm2. The main reason is that
the high flow and low flow cycles were not obvious
in 2006-2015. Even so, it is interesting to note that
there was an apparent decline in 2014. According to
the annual rainfall data of Jinan, the rainfall was 444
mm in 2014 and it was considered as the dry year.
Further, WEFwr has experienced a relatively
steady development during 2006-2015 while WEFwp
appears to rise initially and descends to the steady
finally. The changing track of WEFwp is consistent
with that of WEF. Before 2011, due to the largescale development and construction activities, the
city has experienced the rivers narrowing down and
clogging seriously. Moreover, a majority of sewage
discharged along the rivers and as a result, rivers and
lakes were severely polluted. The key turning point
IRU -LQDQ¶V ZDWHU SROOXWLRQ SUREOHPV ZDV LQ 2011.
And in this year, Water Ecological Environment

WES Evaluation in Jinan. Figure 2 reveals
the evolution of WES in Jinan from the standpoint of
CIWES and CCIWES. The change trends of both
two indicators are consistent, nevertheless, the fact
that the values of CCIWES are always higher than
CIWES indicates the internal coordination is superior to the interactivity all along during the study period. From the perspective of WEF, Figure 2 reflects
the overall coordination between society, economy,
ecological environment and water resources in Jinan.
Whereas it demonstrates that there is a lack of required interaction among the complex system of
³:DWHU5HVRXUFHV± Society ± Economy ± EcologiFDO(QYLURQPHQW´DQGWKHUHVXOWZLOOJLYHWKHSROLF\
makers some more support materials to make the
water resources integrative planning.

FIGURE 1
Changes in WEF and WEC of Jinan during 2006-2015.
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FIGURE 2
Changes in CIWES and CCIWES of Jinan during 2006-2015.
TABLE 1
3UHGLFWLRQRILQIOXHQWLDOIDFWRUVWR-LQDQ¶V:(6EDVHGRQWKH*511PRGHO -2020).
Year

WEFwr
㸦108hm2㸧

WEFwp
108hm2㸧

2016
2017
2018
2019
2020

0.0272
0.0273
0.0271
0.0273
0.0275

0.1757
0.1752
0.1567
0.1476
0.1467

WEC
108hm2㸧
0.0096
0.0156
0.0187
0.0152
0.0165

N
102million㸧

GDP
108Yuan㸧

0.0629
0.0632
0.0633
0.0633
0.0635

6503.45
6754.34
6956.10
7102.30
7433.80




FIGURE 3

Prediction of CIWES and CCIWES of Jinan during 2006-2015.

6474

© by PSP

Volume 27 ± No. 10/2018 pages 6469-6477

Fresenius Environmental Bulletin

CONCLUSIONS

As a result of Figure 2, the development process of WES in Jinan can be divided into two stages.
The first one is the decline stage (2006-2010) in
which the values of CIWES and CCIWES were assumed to descend at different levels. Although the
society and economy have developed rapidly during
this period, the policymakers paid less attention to
the environment, as well as the backward ecosystem restoration and water-saving ideas. The second
stage can be assumed as the ascent stage (20102015) in which the two indicators were both on rise
year by year. As the living standard rise, the receptivity of water-saving ideas is improved, as well as
the desire for high quality water. While pursuing the
stable society and favorable economy, human are no
longer at the cost of water environment and water resources. On the contrary, they may pay more attention to water resources protection and harmonize the
benefits of all subsystems.
Comparing the values of CIWES and CCIWES in
2006 and 2015, respectively, some differences can
be observed. The value of CCIWES in 2015 is still
lower than that in 2006 while for CIWES, there is the
opposite result. In general, WES in Jinan is still in a
relatively poor state and has not return to the higher
state in its history.

A systematic simulation and prediction of WES
within Jinan from the perspective of WEF was proposed in this study to fill the gap of researching water
sustainability. Firstly, the dynamic evolvement rules
of WEF during 2006-2015 was analyzed by WEF calculation model. Furthermore, 4 representative indicators were independently picked out from water resources, society, economy and ecological environment systems to construct WES evaluation model, and
WKHQ-LQDQ¶VWES was defined through the integrated
index which named CIWES and CCIWES. Finally,
the trend of WES in the future 5 years was predicted
by applying the GRNN model.
The results shoZ WKDW -LQDQ¶V :() LV DOZD\V
higher than WEC during 2006-2015, which leads to a
poor WES in the process of water ecological civilization construction. The fundamental reason for this is
the major focus on stable society and favorable economy, rather than water resources and water environPHQW1HYHUWKHOHVV-LQDQ¶V:(6LVJUDGXDOO\ on rise
in our prediction results for the future 5 years. In general, the results illustrate the ideas of protecting environment and saving water resources are ascending
from the perspective of WEF.
+RZHYHU -LQDQ¶V WES is still in a relatively
poor state and has not return to the higher state in its
history (just like the state in 2006). To recover the sustainability is a long-term mission and it needs efforts of the whole society. At the same time of developing economy, sustainable utilization of water resources should be paid more attention, as well as water quality. More importantly, the coupling coordination and mutual benefit of ³:DWHU5HVRXUFHV± Society
± Economy ± EcologicaO (QYLURQPHQW´ V\VWHP
should be carefully practiced.
Although the potential of GRNN prediction and
WES evaluation model has been confirmed in this research, some uncertainties still exist: (1) whether the
integrated prediction and evaluation model could generate good results for other cities? (2) If not, where is
the application boundary of the model? (3) Only
WEFwr, WEFwp, WEC, N and GDP were chosen to
be the influential factors, which is still insufficient
for the establishment of prediction model. In a future
research, one of the possible extensions of this research is to incorporate other factors in the prediction
process.

WES Prediction in the future. Under the
runtime environment of MATLAB R2014a, the prediction results of influential factors to future WES
are displayed in Table 1. Being modeled and tested
by historical data, the smoothing parameter should
be 0.5.
The values of CIWES and CCIWES in the future 5 years can be calculated according to the formula (11) - (13). Then, comparing them with the initial level in 2006.
As a result of Figure 3, the values of CIWES
and CCIWES are both on rise in the future 5 years
and it indicates that Jinan is gradually recovered
from WES crisis. It is worth to note the key time
turning point: the year 2018. After the point, the
value of CIWES is gradually higher than that of CCIWES, which leads us to acknowledge the internal interactivity is superior to the coordination in the comSOH[V\VWHPRI³:DWHU5HVRXUFHV± Society ± Economy ± (FRORJLFDO(QYLURQPHQW´
The values of CIWES and CCIWES in 2006 are
0.2448 and 0.4536, respectively. Comparing that of
future 5 years with them, the value of CIWES is far
higher than the level in 2006 while that of CCIWES
is still lower than its value in 2006 in spite of it is on
rise year by year. In general, the results indicate it is
still essential to strengthen the coupling coordination
of the complex system in Jinan. For the purpose of
mutual benefit, the correlation between all subsystems should be recognized, as well as the benefit of
each subsystem. Despite the improving trend of
WES in the future, as an ecological landscape city,
Jinan is still facing great pressure.
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and found that transit patrons were at risk due to the
close vicinity of densely trafficked areas. The elemental content outside the shelters were in general
lower than inside, especially for traffic-related elements [3]. The key contributors to degraded urban
air quality are incomplete combustion processes, as
well as exhaust and wear and tear emissions from
SHUVRQDODQGSXEOLFWUDQVSRUWDWLRQYHKLFOHV:KDW¶V
more, the environmental performance of bus transit
operators were assessed by qualitative modeling in
Harbin of China [5].
Due to a few information is available for
heavy metal contamination in bus stop dusts, especially the bus stop dust of small- or medium-sized
cities in northwest China. The main objective of
this study was to determine the content of heavy
metals in bus stop dusts samples collected from
Qingyang city, and to know the pollution level of
these heavy metals and to reflect the environmental
current condition of the city.

ABSTRACT
To know the effects of human activities on
semi-arid environmental quality, fifty-three bus stop
dusts samples were collected from Qingyang city,
NW China and the contents of manganese (Mn),
zinc (Zn), chromium (Cr), lead (Pb), copper (Cu)
and nickel (Ni) in these samples were measured by
X-ray fluorescence spectrometry. The results indicate that the dust samples have elevated Cr, Cu, Zn
and Pb concentrations in comparison with local soil.
The contamination levels of these heavy metals in
bus stop dusts were evaluated by enrichment factor
(EF), pollution index (PI) and Nemero synthesis pollution index (NSPI). The average EF value
increased in Ni < Mn < Cr < Cu < Zn < Pb. The
higher EF of Cu, Zn and Pb turns out that there
were considerable Cu, Zn and Pb pollution in bus
stop dusts. The low EF for Ni, Mn and Cr indicates
that there were absent of distinct Ni, Mn and Cr
pollution in bus stop dusts. The results of PI also
support that Cu, Zn and Pb in bus stop dusts from
Qingyang city were middle contamination, and the
NSPI values in 98.1 % bus stop dusts samples reveals heavy contamination.

MATERIALS AND METHODS
Background of study area. Qingyang city is
situated at the east of Gansu province in Loess
Plateau (35°15ƍ- ƍ1DQGƍ- ƍ( 
The city spans over 996.4 km2 with the total population of about 325.2 thousand in 2015. Its climate
is a typical semi-arid temperate continental monsoon climate, with annual average evaporation capacity of 1613.1 mm, annual average precipitation
capacity of 465.7 mm, annual average temperature
of 9.6 °C, annual average wind velocity of 2.7 m/s
and annual average sunlight of 2490.4 hours. The
pH, loss on ignition and electrical conductivity of
local soil are respectively 8.3, 2.3 % and 92.4 s/cm.
The soil texture analysis indicates that the soil is
composed of clayey soil 8.1 %, silty sand 39.5 %
and fine sand 52.4 % [6].
Qingyang city is one important traditional agriculture city, about 100 thousand motor vehicles
was driven in Qingyang city in 2015. Because
Qingyang city has abundant oil, gas, coal and so on,
it was established one of the important industrial
base of Northwest China by the state council in
2010, oil exploitation, refining and transporting are

KEYWORDS:
Heavy metals, Pollution assessment, X-ray fluorescence
spectrometry, Bus stop dusts, Qingyang

INTRODUCTION
In the last decade, there are a few studies on
the concentration of polycyclic aromatic hydrocarbons (PAHs) and heavy metals in particulate matters
from bus or dusts from bus stop and their effects for
human health [1-4]. Gao et al. examined the differences between gasoline and compressed natural gas
buses in PAHs content and revealed that the total
PAHs contents in the resuspendable fraction of settled bus dusts were significantly lower in the compressed natural gas buses than in the gasoline buses
[2]. Godoi et al. analyzed the risk and spatial
chemical variability of the aerosol collected at outside and inside launching tube stations were studied
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FIGURE 1
Sampling sites and study area in Qingyang city, China.
samples were determined by X-ray fluorescence
spectrometry (S8 TIGER Brochures). At the same
time, the GSD-7 and GSS-8 standards reference
materials (the Center of National Standard Reference Material of China) were prepared and analyzed using the procedure. Using duplicate and
standard samples checked accuracy and precision of
analyses, the analytical precision was never higher
than 5% (RSD < 5%, relative standard deviation),
and the quality control of all samples had good precision (SD < 6%, standard deviation).

the major industries of Qingyang city. And it has
also experienced, like as others cities of China,
rapid urbanization and industrialization in the last
two decades. Therefore, the rapid growth of industry, population and vehicle exerts heavy pressure on
the city environment.
Sampling and analytical procedures. The
number of selected bus stop dusts samples is fifty-three in Qingyang city, these bus stop mainly
situate daily round-trip place of the citizen, such as
nursery schools, elementary and secondary schools,
commercial areas, public parks, residential districts
(Fig.1). About 400g bus stop dusts composite sample, at every sampling site, was collected by plastic
brush and tray from four to seven points of bus stop
platform and the surrounding in April 2016. All bus
stop dusts samples were collected in the sealed
plastic bags, then labeled and transported to the lab.
All the samples sieved through a 20 mesh nylon
sieve to remove large stones and plant debris, and
then were air-dried in the lab for 14 days. One half
was ground further in a grinding miller (MR-4
UCE), and then sieved through 0.074 mm˄200
mesh˅nylon sieve, the other half was stored. the
sample analysis method are described below.
Weigh 2.0000 g of boric acid (H3BO3 
99.99 %) and 5.0000 g of milled bus stop dusts
sample and place in the mold (Ø = 30 mm), and
press into a 32-mm diameter small briquette under
31.5 t pressure for 30 s in the presser (YYJ-60
DONGJING ), and then the pressed briquettes were
blown the surface dust by air compressor (6-25
JUN-AIR ) and stored in a desiccator. The content
of Mn, Zn, Pb, Cr, Cu and Ni in bus stop dusts

Assessment methods. The degree of metal
enrichment or pollution in street dusts has been
quantified by numbers of methods [7-9]. In this
study, the heavy metal contamination level in
Qingyang city bus stop dusts was assessed by enrichment factor (EF), pollution index (PI) and
Nemero synthesis pollution index (NSPI).
Enrichment factor of element in these bus stop
dusts was based on the standardization of measured
element against corresponding reference element.
Reference elements must have the low variable
characteristic, for instance the most generally used
elements: K, Al, Si, Fe, Mn, Sr, Ti, Li, Sc, etc. The
formula of EF is shown as the following:
EF =

[Cx /Cref ]Sample
[Cx /Cref ]Background

Where Cref is the content of reference element
and Cx is the content of the target element. In this
study, the reference element was Al [7,10-12].
In general, five EF categories were defined
[13]. When EF < 2 shows that heavy metals are

6479

Volume 27 ± No. 10/2018 pages 6478-6484

© by PSP

minimal enrichment, when EF = 2 ± 5 shows that
heavy metals are moderate enrichment, when EF =
5 ± 20 shows that heavy metals are substantial enrichment, when EF = 20 ± 40 shows that heavy
metals are very high enrichment, and when EF > 40
shows that heavy metals are extremely high enrichment [7, 12, 14, 15].
Pollution index (PI) and Nemero synthesis pollution index (NSPI) are also usually used to
assess the environment quality, their advantages are
simple, convenient and objective when compared
with other methods [7, 16, 17]. The PI was the ratio
of element content in the bus stop dusts to the
background content of the corresponding element
of Local soil [17]. The formula of PI is shown as
the following:
PI=

content of heavy metals in 0 - 20 cm soil of Qingyang city, Gansu province [18], the average content
of Cr in dusts samples collected from bus stop of
Qingyang city is close to the background content of
local soil. Table 1 shows the content of Ni and Mn
in the bus stop dusts of Qingyang city are lower
than the background content of local soil, and the
content of Zn, Pb and Cu in bus stop dusts of
Qingyang city are higher than the background content of local soil. The values of the geometric averages for the content of Mn, Zn, Cr, Pb, Cu and Ni
are 440.8, 137.9, 60.0, 42.8, 33.5 and 19.8 mg kg í1,
respectively. However, these are true for Zn, Pb and
Cu, which are 2.36, 2.43 and 1.69 times the background content of Local soil, respectively.
The maximums of Mn, Zn, Cr, Pb, Cu and Ni
have been found in the bus stop samples from
heavy traffic sites, such as bus stops of nursery
schools, primary schools, secondary schools, governmental agencies and bus stations, and the minimums were determined from bus stop dusts samples of the peri-urban areas, such as residential sites
bus stop dusts samples around the city. The average
content of heavy metals in bus stop dust of Qingyang city divided by the corresponding background
concentrations of local soil, which increase in the
order Ni ˘ Mn ˘ Cr ˘ Cu ˘ Zn ˘ Pb.
Content of Mn in all bus stop dusts samples were
354.6 - 549.4 mg kgí1 which are lower than Mn
background concentration of Local soils (653 mg
kgí1), it shows that Mn in bus stop dusts may
mainly come from natural source. The average
content of Ni and Cr in bus stop dusts were 22.2
and 61.0 mg kgí1 which are lower than Ni and Cr
background concentration of Local soils (35.2 and
70.2 mg kgí1), it shows that Ni and Cr in bus stop
dusts may mainly come from natural source.
In the table 1, the Zn, Pb and Ni skewness
values are higher than one which indicates the three
elements positively skew toward the low content, as
the fact, the three heavy metals average content are
higher than their median content, can also be certified. On the whole, the arithmetic mean and median
are very close to each other, which can reflect the
true pollution level of these bus stop dusts samples.
Arithmetic mean content of all the six heavy metals
are higher than their geometric content, showing
that the geometric average of six heavy metals content provide more useful data than the arithmetic
average [7].

Cx
Bx

The PI of each element in every sample was
calculated and three PI categories were defined.
When PI   VKRZV WKDW EXV VWRS GXVWV DUH ORZO\
polluted, when 1 < PI VKRZVWKDWEXVVWRSGXVWV
are moderately polluted, when PI > 3 shows that
bus stop dusts are highly polluted.
The Nemero Synthesis Pollution Index (NSPI)
obtained by the following equation:
NSPI=

PI mean

2



PI max
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2

2

Where PImax and PImean are the max value and
average value of the pollution index (PI) of six
heavy metals of every sample. When NSPI < 0.7
shows that bus stop dusts are Non-polluted, when
0.7 < NSPI < 1 shows that bus stop dusts are nearly
polluted, when 1 < NSPI < 2 shows that bus stop
dusts are slightly polluted, when 2 < NSPI < 3
shows that bus stop dusts are moderately polluted,
when NSPI > 3 shows that bus stop dusts are heavily polluted [7, 16].

RESULTS AND DISCUSSION
Content of Heavy metals in bus stop dusts.
Data of Mn, Zn, Cr, Pb, Cu and Ni in Qingyang bus
stop dusts follow the distribution with Averages ±
SDs of 442.8 ± 41.7, 144.2 ± 45.8, 61.0 ± 11.0, 44.9
± 15.6, 34.6 ± 8.7 and 22.2 ± 19.1 mg kg í1 (Table
1), respectively. When compared with background

TABLE 1
Content (mg kgí1) of heavy metal in bus stops dusts collected from Qingyang city
Element
Mn
Zn
Cr
Pb
Cu
Ni

Maximum
549.4
343.2
95.2
96.2
58.8
151.3

Average
442.8
144.2
61.0
44.9
34.6
22.2

Minimum
354.6
64.7
36.7
20.1
17.8
12.7

SD Median
41.7 444.5
45.8 135.5
11.0 61.8
15.6 39.8
8.7 34.2
19.1 18.6

GM Skewness
440.8 0.1
137.9 1.7
60.0 0.5
42.8 1.7
33.5 0.3
19.8 6.3
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Kurtosis
0.6
5.8
1.4
2.9
0.0
42.3

Local soils background value (CNEMC 1990)
653.0
68.5
70.2
18.8
24.1
35.2
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TABLE 2
Content (mg kgí1) of heavy metal in bus stops dusts of Qingyang and other cities street dusts
District
Baoji
Baotou
Bayan Obo
Urumqi
;L¶DQ
Xianyang
Xining
Qingyang

Mn
804.2
548.2
3407.3
926.0
687
408.7
441.3

Zn
715.3
85.9
299.3
294.4
421.4
375.3
108.9
144.8

Cr
126.7
182.1
141.2
54.2
167.2
135.6
576.8
60.7

Pb
433.2
58.2
183.9
53.5
230.5
77.3
52.9
45.1

Cu
123.1
29.1
36.3
94.5
94.9
132.1
40.8
34.5

Ni
48.8
21.2
31.2
43.2
69.5
22.6
22.3

Reference
Lu et al. 2010
Han et al. 2016
Li et al. 2015
Wei et al. 2009
Han et al. 2006
Shi and Wang 2013
Zhao et al. 2015
This work

- Not available.
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FIGURE 2
Box-plot of EF for heavy metals in bus stops dusts of Qingyang city.
a consequence, establishing a procedure to analyze
contamination levels and source of bus stop dusts
samples is essential.

Because there are without standard analytical
procedures and widespread accredited sampling for
heavy metals research of city bus stop dusts, it is a
usual practice to compare with other cities streets
dusts data. Table 2 shows that content of heavy
metals in bus stop dusts of Qingyang city are compared with reported data for streets dusts in other
northwest cities of China [8, 9, 11, 15, 19-21].
In table 2, the average content of Zn in bus
stop dusts of Qingyang is low compared with street
dusts of several cities in the northwest China except
for Baotou and Xining. The average content of Mn
in bus stop dusts of Qingyang is higher than street
dusts of Xining, and is lower than street dusts of
other several compared cites. The average content
of Cr in bus stop dusts of Qingyang is higher than
street dusts in Urumqi, and is lower than street
dusts of other several compared cites. The Cu content in bus stop dusts of Qingyang is close to street
dusts of Bayan Obo, while is lower than street dusts
of other several cities in the northwest China except
for Baotou. On the other hand, the average content
of Ni in bus stop dusts of Qingyang is close to
Baotou and Xining, while is lower than other several cities in the northwest China. The average content of Pb for bus stop dusts of Qingyang is lower
than street dusts of other several compared cites.
Generally, every city has its own heavy metals pollution characteristics, and the observed similarities
DQG YDULDWLRQV FDQ¶W UHIOHFW V\QWKHWLFDO FRQWDPLQation levels and source of the city bus stop dusts. As

The heavy metal pollution level in bus stop
dusts. The EF of heavy metals were calculated for
all bus stop dusts samples relative to the background content of the elements in Local soil [18],
choosing Al as the reference element. The EF ranges from 0.7 to 1.3 with average value of 1.0 for Mn,
1.7 to 7.0 with average value of 3.5 for Zn, 0.9 to
2.2 with average value of 1.3 for Cr, 1.9 to 7.9 with
average value of 3.7 for Pb, 1.5 to 4.6 with average
value of 2.6 for Cu, 0.6 to 5.9 with average value of
0.8 for Ni (Fig. 2). The average EF of Pb, Cu and
Zn exceeds 2, when the average EF of Cr, Mn and
1L LV ORZHU WKDQ  :KDW¶V PRUH PD[LPXP () RI
Ni, Zn and Pb are higher than 5, which indicates
that Pb, Ni and Zn in these dusts may mainly come
from anthropogenic sources according to the literature [4, 7-9, 11].
As a consequence, the EF can also be considered as an effective method to discriminate anthropogenic origin and natural sources in this study. The
increased order of average EF values is Ni < Mn <
Cr < Cu < Zn < Pb, which can also be seen as the
increasing order of their pollution levels of bus stop
dusts of Qingyang city. The EF of Ni, Mn and Cr in
96.2 %, 100 % and 94.3 % bus stop dusts samples
is lower than 2, respectively, indicating the lack of
enrichment with Ni, Cr and Mn as a whole, while
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stop dusts of Qingyang city is middle to high pollution. The PIs values of Ni and Mn is low, ranging
from 0.4 - 1.5, 0.5 - 0.8, with averages of 0.6 and
0.7, respectively. Only Ni in two samples are classified as middle and high pollution, respectively, and
Mn in all of the samples have lower PI values, reflecting that the content of Ni and Mn in the bus
stop dusts of Qingyang are low pollution. The PI
for Cr in 41 and 12 samples is defined as low and
middle pollution, respectively, ranging from 0.5 to
1.4, with an average value of 0.9. These data indicate that Cr in bus stop dusts of Qingyang demonstrated low to middle pollution.
The NSPI results of heavy metals in bus stop
dusts samples are showed in Fig. 4. The NSPI values of all of the bus stop dusts samples vary from
0.9 to 3.9 with a mean of 2.1. And the NSPI values
in 60.4 %, 28.3 % and 9.4 % bus stop dusts samples
belongs to 1 - 2, 2 - 3 and > 3, respectively, reveals
slightly contaminated, moderately contaminated
and heavily contaminated by heavy metals, respectively.

only EF of Ni and Cr in 1.9 % and 5.7 % bus stop
dusts samples belongs to moderate enrichment, and
EF of Ni in 1.9 % samples more than 5 indicating
significant enrichment with Ni. The EF of Cu, Zn
and Pb in 83.0 %, 92.4 % and 84.9 % bus stop dusts
samples belongs to 2 - 5, respectively, indicates Cu,
Zn and Pb in most bus stop dusts samples are moderate enrichment. The EF of Zn and Pb in 3.8 %
and 13.2 % samples exceeded 5, respectively, indicates significant enrichment. And the source of Cu,
Pb and Zn in bus stop dusts may mainly come from
incinerator and industrial emissions, lubricating oil
burning, the corrosion of metallic parts and tyre
abrasion of cars [4, 7, 9, 10, 22].
The PIs can be calculated according to the
background content of heavy metals in local soil,
these results indicate that there are very large difference among heavy metals (Fig. 3). The average
PIs for Cu, Zn and Pb are 1.4, 2.1 and 2.4, respectively, only Cu and Zn in five and one samples are
defined as low pollution, respectively, and Pb in all
of the samples are classified as high pollution.
These results indicate that Cu, Zn and Pb in bus
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FIGURE 3
Box-plot of PI for heavy metals in bus stops dusts of Qingyang city.
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FIGURE 4
NSPI for heavy metals in bus stops dusts of Qingyang city.
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[2] Gao, P., Liu, S., Feng, Y.J., Lin, N., Lu, B.Y.,
Zhang, Z.H., Cui, F.Y., Xing, B.S., Hammond,
S. K. (2015). Concentrations of polycyclic aromatic hydrocarbons in resuspendable fraction
of settled bus dust and its implications for human exposure, Environmental Pollution. 198,
1-7.
[3] Godoi, R.H.M., Godoi, A.F.L., Quadros,
L.C.D., Polezer, G., Silva, T.O.B., Yamamoto,
C.I., Grieken, R.V., Potgieter-Vermaak. S.
(2013). Risk assessment and spatial chemical
variability of PM collected at selected bus stations. Air Quality Atmosphere and Health. 6,
725-735.
[4] Li, X.F., Chen Z.B., Zhang Y.H., Chen Z.Q.
(2013). Concentrations, sources and health risk
assessments of heavy metals in ground surface
dust from urban bus terminals of Fuzhou City,
Research of Environmental Sciences. 26,
906-912. (In Chinese)
[5] Lei, T.T., Gao, P., Jia, L.M., Chen, X., Lu, B.Y.,
Yang, L.H., Feng, Y.J. (2016). Trace metals in
resuspended fraction of settled bus dust and
assessment of non-occupational exposure,
Ecotoxicology and Environmental Safety. 130,
214-223.
[6] /LDQJ-1  6WXG\RQVRLO¶VKHDY\PHntal contents and soil quality evaluation of
longdong tableland area, Master degree dissertation. (In Chinese)
[7] Chen, H., Lu, X.W., Chang, Y.Y., Xue, W.Z.
(2014). Heavy metal contamination in dust
from kindergartens and elementary schools in
;L¶DQ &KLQD (QYLURQPHQWDO (DUWK 6FLHQFHV.
71, 2701-2709.
[8] Li, K.X., Liang, T., Wang, L.Q., Yang, Z.P.
(2015). Contamination and health risk assessment of heavy metals in road dust in Bayan
Obo Mining Region in Inner Mongolia, North
China, Journal of Geographical Sciences. 25,
1439-1451.
[9] Zhao, N., Lu, X.W., Chao, S.G. Xu, X. (2014).
Multivariate statistical analysis of heavy metals
in less than 100 um particles of street dust from
Xining, China. Environmental Earth Sciences.
73, 2319-2327.
[10] Lu, X.W., Loretta, Y.L., Wang, L.J., Lei, K.,
Huang, J., Zhai, Y.X. (2009). Contamination
assessment of mercury and arsenic in roadway
dust from Baoji, China, Atmospheric Environment. 43, 2489-2496.
[11] Lu, X.W., Wang, L.J., Lei, K., Huang, J., Zhai,
Y. (2009). Contamination assessment of copper,
lead, zinc, manganese and nickel in road dusts
of Baoji, NW China, Journal of Hazardous
Materials. 161, 1058-1062.

CONCLUSION
The contamination levels of heavy metal Ni,
Cu, Zn, Mn, Cr and Pb and their content in bus stop
dusts collected from Qingyang city, Northwest of
China have been studied. The content of Mn, Zn, Cr,
Pb, Cu and Ni in bus stop dusts ranges from
354.6-549.4, 64.7-343.2, 36.7-95.2, 20.1-96.2,
17.8-58.8, 12.7-151.3 mg kgí1 with mean of 442.8,
144.2, 61.0, 44.9, 34.6 and 22.2 mg kgí1, respectively. The geometric average content of Mn, Cr
and Ni in the study are lower the background content in local soil, The geometric average content of
Zn, Pb and Cu in the study are higher the background content in local soil.
The calculated results EF of heavy metals reveal the increasing order of EF is Ni < Mn < Cr <
Cu < Zn < Pb. The high EF values for Cu, Zn and
Pb in bus stop dusts of Qingyang reflect that there
are moderate Cu, Zn and Pb pollution, which may
come from industry activities and traffic (such as
oil refining, boiler emissions and motor vehicle).
The EF values of Ni, Mn and Cr are low and the
assessment results reveal an absence of distinct Ni,
Mn and Cr pollution in bus stop dusts of Qingyang.
The results of PI also explain Cu, Zn and Pb in bus
stop dusts middle contamination, and the NSPI
values in 98.1 % bus stop dusts samples reveals
heavy metals contamination.
These results demonstrate that bus stop dusts
of Qingyang city have increased heavy metals contamination as a whole and more attention should be
paid to heavy metals pollution of Qingyang, especially Cu, Zn and Pb.
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ADSORPTION PROPERTIES OF SEQUENTIALLY
EXTRACTED HUMIC SUBSTANCES, INCLUDING
DIFFERENT HUMIN FRACTIONS
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interactions with metal ions that determine the processes of accumulation, transfer, and transformation
of metal ions in environments [5-7]. The extent of
the effect of HS for metal ions behaviors mainly depends on their chemical compositions and properties
[8-9]. Therefore, understanding the chemical compositions of HS is of great importance for clarifying
their interaction mechanisms with metal ions.
Traditionally, HS could be divided into three
major fractions according to their solubility in aqueous solutions at different pH values, i.e., humic acid
(HA), fulvic acid (FA) and humin (HU) [1]. Among
the three HS fractions, HU is the most insoluble and
thus the least understood fraction [10]. The poor solubility of HU could generally be ascribed to its close
linkage with inorganic soil colloids (mainly metallic
oxides and silicates) [11-12]. In a previous study,
Pallo [13] proposed to break the linkages between
HU with iron (hydr)oxides and silicate clay minerals
by sequentially treating HU-minerals complex using
H2SO4 and HF-HCl solutions, respectively. Then,
parts of HU could be re-dissolved in alkaline solution. The fractionation procedure is useful for a better understanding of the chemical compositions and
properties of HU by dividing HU into the soluble
[i.e., iron-bound HU (HUi) and clay-bound HU
(HUc)] and insoluble [i.e., residual HU (HUr)] fractions. However, to our knowledge, the chemical
composition of these HU fractions and their interactions with metal ions were not yet known.
Cu(II) has a high affinity for soil organic matter
[14]. The present study aimed at examining the
chemical compositions of six sequentially extracted
HS fractions, i.e., HA, FA, HU, HUi, HUc and HUr
from an Alfisol, by using a combination of complementary analytical techniques including elemental
analysis, solid-state 13C NMR spectroscopy and PyGC/MS techniques. The isothermal adsorption properties of Cu(II) on HS fractions were assessed with
batch equilibrium method. Moreover, the relationships between the chemical compositions of HS fractions and their adsorption isotherm parameters for
Cu(II) were evaluated.

ABSTRACT
Humin (HU) is the least understood humic substance (HS) fractions due to its close associations
with soil mineral colloids. Here, humic acid (HA),
fulvic acid (FA), HU, iron-bound HU (HUi), claybound HU (HUc) and residual HU (HUr) were sequentially extracted from an Alfisol of northeast
China. Elemental analysis, solid-state carbon-13
cross-polarization magic-angle-spinning nuclear
magnetic resonance (13C CPMAS NMR) spectroscopy and pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS) were used to characterize HS
fractions. The adsorption isotherms of Cu(II) on HS
fractions were obtained using batch equilibrium
method. Among these HS fractions, HA contained
higher proportion of phenols, whereas HUc exhibited higher proportion of aliphatic hydrocarbons. For
the different HU fractions, n-alkanes/n-alkenes were
particularly abundant in HUc, whereas polysaccharides were abundant in HUr. The adsorption of
Cu(II) on HS fractions well fitted both Freundlich
and Langmuir equations. The maximum amounts of
Cu(II) adsorbed was FA > HUi > HA > HUc > HU
> HUr, which was positively correlated with their
O/C ratio and carbonyl C whereas negatively correlated with C/N ratio (p < 0.01). The results suggested
that HU is highly heterogeneous in terms of their
chemical compositions and plays important role in
controlling the behavior and fate of Cu(II) in the environment.

KEYWORDS:
Humin fractionation, Adsorption isotherm, Metal ion, Elemental composition, NMR, Py-GC/MS

INTRODUCTION
Humic substances (HS) have been known to
play a key role in both soil fertility and ecological
environment due to their large contribution to physical, chemical and biological properties of soil [1-4].
One of the most important roles of HS is their
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MATERIALS AND METHODS
Extraction, fractionation, and purification
of HS. The extraction, fractionation and purification
of HS were performed at room temperature according to the procedures described previously [13, 1517] with some modifications (Figure 1). Briefly, airdried soil sample (<2 mm) was stirred in distilled
water to remove poorly decomposed light fraction.
Then, the soil residue was repeatedly extracted with
an alkaline solution (0.1 mol L±1 NaOH + 0.1 mol L±
1
Na4P2O7) using a 1:10 solid:extractant ratio until
the supernatant was almost colorless. The alkalineinsoluble solid residue was HU.
The alkaline supernatant was acidified to pH 1
with 3 mol L±1 H2SO4 to separate the acid-insoluble
HA and the acid-soluble FA. The HU sample was
first treated using 0.5 mol L±1 H2SO4 at a 1:10
solid:solution ratio for 10 × 24 h to eliminate iron
(hydr)oxides. The solid residue was then repeatedly
extracted with 0.1 mol L±1 NaOH until the supernatants was almost colorless. The dark-colored alkaline

Soil sample. The composite soil sample used in
this study was collected at 0±20 cm depth below litter layer from a natural scrubland dominated by Corylus at Tangfang Village, Jiangmifeng Town, Jilin
City, Jilin Province, northeast China. The climate
was middle temperate continental monsoon, with a
mean annual temperature of 3±5ºC and a mean annual precipitation of 650±750 mm. The soil is developed from granite and classified as Alfisol (USDA
Soil Taxonomy), Luvisol (FAO Soil Taxonomy), or
Argosol (Chinese Soil Taxonomy). The collected
soil sample was air-dried, ground, and passed
through a 2-mm sieve. Selected physical and chemical properties of the soil were as follows: pH, 5.80;
organic carbon (OC), 66.5 g kg±1; total nitrogen (N),
5.54 g kg±1; cation exchange capacity (CEC), 19.1
cmol (+) kg±1; sand (2±0.02 mm), 329 g kg±1; silt
(0.02±0.002 mm), 315 g kg±1; and clay (<0.002 mm),
356 g kg±1.

FIGURE 1
Fractionation scheme to isolate humic substances fractions. LOM - light organic matter; HA - humic
acid; FA - fulvic acid; HU - humin; HUi - iron-bound humin; HUc - clay-bound humin; HUr - residual
humin.
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spectrometer. Samples were pyrolyzed in a quartz
sample holder at 500°C for 15 s. A capillary column
HP DB- P[ȝPLQQHUGLDPHWHU[ȝP
film thickness) was used for the separation of pyrolysis products, with an oven temperature program of
40°C for 3 min, 5°C min±1 to 100°C, and 10°C min±
1
to a final temperature of 280°C and maintained at
this temperature for 10 min. The Py-GC interface
was kept at 280ºC with a split injection (split ratio
30:1, helium flow rate 1 ml min±1). Mass spectra
were recorded at 70 eV in EI mode from 20 to 800
m/z. The pyrolysis products were identified using
NIST 2008 library database and published literature.
The relative abundance of pyrolysis compounds
were calculated by dividing individual compound
peak areas by the total peak area of all the assigned
pyrolysis compounds.

supernatant was acidified to pH 1, and the acid-insoluble fraction was referred to as HUi. Subsequently, the alkaline-insoluble solid residue was
treated with 1 mol L±1 HCl-HF at a 1:10 solid:solution ratio for 10 × 24 h to solubilize silicate clay minerals, and then again repeatedly extracted with 0.1
mol L±1 NaOH until the supernatants were almost
colorless. The alkaline supernatants were acidified to
pH 1, and the acid-insoluble fraction was referred to
as HUc. After the extraction mentioned above, the
final solid residue was referred to as HUr.
For qualitatively characterize the HS fractions
using elemental analysis, solid-state 13C NMR and
Py-GC/MS, HA, HUi and HUc samples were further
purified with 0.5% (v/v) HCl-HF solution after three
cycles of NaOH-dissolution and HCl-flocculation.
The FA sample was purified by adsorption onto an
activated carbon and then desorption with 0.2 mol L±
1
NaOH. The HU sample was purified with 10%
(v/v) HCl-HF solution. Finally, all of HS samples
were dialyzed against Milli-Q water until Cl±-free,
freeze-dried, and ground to <0.1 mm.

Adsorption isotherm experiment. The adsorption isotherm experiment was carried out by
batch equilibration method. Duplicate sample of approximately 5 mg were added to 25 ml of adsorption
solution. The adsorption solutions were prepared in
0.1 mol L±1 NaNO3, with Cu(II) concentrations in individual batches of 10, 20, 40, 60, 80, 100, 200, 400,
600 and 800 mg L±1. Cu(II) was added as
Cu(NO3)2+2O. The initial solution pH was adjusted to 5.0 with 0.1 mol L±1 HNO3 and 0.1 mol L±1
NaOH. The suspension was shaken at 25ºC on a
SHA-B constant temperature water bath shaker (Biobase Biodustry Co., Ltd., Shandong, China) for 24
h. After centrifuging at 12000 rpm for 15 min, Cu(II)
concentration in the supernatant was determined using TAS-990 atomic absorption spectrophotometer
(Purkinje General Instrument Co., Ltd., Beijing,
China) or ion-selective electrode.

Characterization of HS fractions. The organic C contents of unpurified alkali-extractable HS
fractions, i.e., HA, FA, HUi and HUc, were determined using a TOC-VCPH analyzer (Shimadzu,
Kyoto, Japan), whereas the C contents of alkali-insoluble HU and HUr were calculated by subtracting
the sum of HA and FA from SOC, and the sum of
HUi and HUc from HU, respectively.
Elemental (C, H, N and S) contents of purified
HS samples were measured using a Vario MICRO
elemental analyzer (Elementar Analysensysteme
GmbH, Hanau, Germany), and O content was estimated by mass difference. The ash content was
measured by ignition at 750ºC for 3 h.
Solid-state 13C cross-polarization magic-anglespinning and total-sideband suppression (CPMASTOSS) NMR spectra were recorded on a AVANCE
III 400 WB spectrometer (Bruker BioSpin AG,
Fällanden, Switzerland) with a 4 mm probe head at
a 13C resonance frequency of 100.6 MHz, a spinning
speed of 8 kHz, an acquisition time of 20 ms, a recycle delay of 3 s, and a contact time of 2 ms. Chemical
shifts were referenced externally to the methylene
resonance of adamantane standard at 38.4 ppm. The
spectra were divided into the following chemical
shift regions representing alkyl C (0±50 ppm), O-alkyl C [subdivided into methoxyl C (50±60 ppm) and
carbohydrate C (60±110 ppm)], aromatic C [subdivided into aryl C (110±145 ppm) and phenolic C
(145±160 ppm)], and carbonyl C (160±210 ppm)
[18-19]. Semi-quantitative analysis was performed
by integrating the relative intensity of each chemical
shift region using MestReNova 5.3.1 software.
Py-GC/MS was performed using a Pyroprobe
5000 pyrolyzer (CDS Analytical, USA) with a
6980N gas chromatograph (Agilent Technologies,
USA) connected to an Agilent 5975 mass

Data calculations. The amounts of adsorbed
Cu(II) were calculated using equation (1):
qe = (C0±Ce) V/m
(1)
where qe (mg/g) is the amounts of Cu(II) adsorbed at equilibrium, V (L) is the volume of the solution, m (g) is the mass of adsorbents, and C0 (mg
L±1) and Ce (mg L±1) are the initial and equilibrium
Cu(II) concentrations, respectively.
The adsorption isotherm data were fitted with
Langmuir equation (2), Freundlich equation (3),
Temkin equation (4), and Dubinin-Radushkevich
equation (5):
qe = kLqmCe/(1+kLCe)
(2)
qe = kFCe1/n
(3)
qe = BlnATCe
(4)
qe = qsexp[±kad(RTln(1+1/Ce)2]
(5)
where qm (mg g±1) is Langmuir constant related
to the maximum adsorption capacity, kL (L mg±1) is
Langmuir constant related to the adsorption energy;
kF (mg g±1 (mg L±1)±1/n) is Freundlich constant related
to the adsorption capacity [20], 1/n is Freundlich
constant related to the adsorption favorability and
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heterogeneity [21]; qs (mg g±1) is Dubinin-Radushkevich constant related to the adsorption capacity, kad
(mol2 K L±2) is Dubinin-Radushkevich constant related to the mean energy of adsorption [22]; R is
ideal gas constant (8.314 J mol±1 K±1); T is temperature; and AT and B are Temkin constants.
The separation factor (RL) and mean free energy
of adsorption (E) were calculated using equation (6)
[23] and equation (7) [22], respectively:
(6)
RL = 1/(1+kLC0)
E = 1/(2kad)1/2
(7)

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
The organic C contents of the six HS fractions,
expressed as the proportions of soil mass, were 20.3,
19.6, 26.6, 7.37, 4.08 and 15.2 g kg±1 for HA, FA,
HU, HUi, HUc and HUr, respectively.
Elemental composition of HS fractions. The
elemental composition of HS fractions is presented
in Table 1. The values obtained were within the typical ranges reported in previous literature [24].
Among the six HS fractions, the highest C, H, N and
O contents were observed in HU, HUc, HA and FA,
respectively. The H/C and O/C ratios have been used
as indicators of aliphaticity and polarity of HS, respectively [25]. In the present study, the H/C ratio
ZDV LQ WKH RUGHU +8F ! +8L § )$ ! +$ ! +8 §
+8UDQGWKH2&UDWLRZDV)$!+8L!+8F§+$
! +8U § HU, suggesting that HUc was more aliphatic and FA was more polar among these HS fractions. By using elemental analysis, some other researchers have found that the aliphaticity and polarity were higher for FA than for HA and HU [26],
which was consistent with our present results.

The contribution (įi) of individual HS fractions
to the overall adsorption for Cu(II) (in % of the total)
was calculated using equation (8):
(8)
įi = (qmifiȈqmifi)×100
where qmi (mg g±1) is the maximum adsorption
capacity of specific HS fraction in Langmuir equation, fi is the proportion of organic carbon of specific
HS fraction in total soil organic carbon.
Statistical analyses. Statistical analyses were
conducted using SPSS 16.0 software (SPSS Inc.,
Chicago, IL, USA). Pearson linear correlation coefficients were used to evaluate the relationships between chemical and spectroscopic characteristics of
HS fractions and their adsorption isotherm parameters for Cu(II). The p < 0.05 level was considered to
be significant.

TABLE 1
Elemental composition of humic substance (HS) fractions (on an ash-free basis).
HS fractions
HA
FA
HU
HUi
HUc
HUr

Ash (%)
1.19
4.98
58.1
1.18
4.59
45.8

C (%)
51.8
45.7
65.5
47.8
50.7
61.4

H (%)
4.88
4.81
5.29
5.13
5.70
4.67

N (%)
3.99
3.48
2.67
3.45
3.47
2.55

O (%)
39.3
46.0
26.6
43.6
40.1
31.4

H/C
1.13
1.26
0.97
1.29
1.35
0.91

C/N
15.2
15.3
28.6
16.2
17.1
28.1

O/C
0.57
0.76
0.30
0.68
0.59
0.38

HA - humic acid; FA - fulvic acid; HU - humin; HUi - iron-bound humin; HUc - clay-bound humin; HUr - residual humin.

TABLE 2
Relative intensities (%) of different carbon functional groups of humic substance (HS) fractions obtained from
solid-state 13C CPMAS NMR spectra.
HS
Alkyl
O-alkyl C
AroCarbonyl
Ali/Aro
fractions
C
matic C
C
Methoxyl C CarboToAryl C
Phenolic Tohydrate
tal
C
tal
C
HA
22.3
9.86
19.4
29.3
24.3
9.42
33.7 14.7
1.53
FA
14.3
5.58
44.9
50.5
12.7
6.65
19.4 15.9
3.35
HU
18.5
7.36
35.4
42.8
22.0
6.89
28.9 9.79
2.12
HUi
19.8
7.98
25.2
33.2
24.7
6.89
31.6 15.4
1.68
HUc
23.5
7.90
25.8
33.7
22.5
6.09
28.6 14.2
2.00
HUr
19.3
7.05
34.6
41.7
22.1
7.44
29.6 9.47
2.06
HA - humic acid; FA - fulvic acid; HU - humin; HUi - iron-bound humin; HUc - clay-bound humin; HUr - residual humin.
Ali/Aro - aliphatic C/aromatic C = (alkyl C + O-alkyl C)/aromatic C.
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FIGURE 2
Solid-state 13C CPMAS NMR spectra of humic acid (HA), fulvic acid (FA), humin (HU), iron-bound
humin (HUi), clay-bound humin (HUc), and residual humin (HUr).
Solid-state 13C NMR spectra of HS fractions.
The solid-state 13C CPMAS NMR spectra of HS
fractions are shown in Figure 2, and the relative intensities of different carbon functional groups are
listed in Table 2. All spectra were identified as alkyl
C (0±50 ppm), O-alkyl C [divided into methoxyl C
(50±60 ppm) and carbohydrate C (60±110 ppm)], aromatic C [divided into aryl C (110±145 ppm) and
phenolic C (145±160 ppm)], and carbonyl C (160±
190 ppm). The spectra exhibited major resonance
peaks at around 25, 30, 32, 54, 62, 74, 104, 128, 152,
and 171 ppm. The assignments of the peaks have
been reported in our previous studies [17]. Across all
HS fractions, the intensity of aliphatic C (i.e., the
sum of alkyl and O-alkyl C) was larger than that of
aromatic C and carbonyl C. Carbohydrate C showed
the largest intensity in the O-alkyl C region, and aryl
C exhibited the largest intensity in the aromatic C region. For HA, the intensity of aromatic C was largest, followed by O-alkyl C, alkyl C, and carbonyl C.
For FA, the intensity of O-alkyl C was largest, followed by aromatic C, carbonyl C, and alkyl C. For
HU and its components, the intensity of O-alkyl C
was largest, followed by aromatic C, alkyl C, and
carbonyl C.
Among these HS fractions, the intensity of alkyl C was the highest for HUc, followed by HA,

HUi, HUr, HU, and FA. By using solid-state 13C
NMR spectroscopy, some previous studies have reported that alkyl C was higher for HA than for FA
[27-28], and for HA than for HU [27] in soils, which
were in accordance with our present result. However, there were also studies showed that HA contained lower alkyl C than HU [17, 29-30]. Such different results obtained were considered to mainly derive from the different sample preparation methods
as well as different soil types used.
In the O-alkyl C region, the intensity of methoxyl C ZDVLQWKHRUGHU+$!+8L§+8F!+8!
HUr > FA, and that of carbohydrate C was FA > HU
> HUr > HUc > HUi > HA. The intensity of total Oalkyl C followed the same order as that of carbohydrate C. The lower O-alkyl C for HA than for HU
[27, 29, 31-32] and for HU than for FA [31] has also
been reported previously.
In the aromatic C region, the intensity of aryl C
ZDVLQWKHRUGHU+8L!+$!+8F!+8U§+8!
FA, and that of phenol C was HA > HUr > HU = HUi
> FA > HUc. The total aromatic C was highest for
HA, followed by HUi, HUr, HU, HUc, and FA. This
result was in line with previous findings that aromatic C was higher for HA than for FA [4, 31, 33]
and for HA than for HU [29-32, 34].
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FIGURE 3
Total ion chromatograms (TICs) of humic acid (HA), fulvic acid (FA), humin (HU), iron-bound humin
(HUi), clay-bound humin (HUc), and residual humin (HUr). Peak numbers correspond to compounds
listed in Table 3.
contrary to our present result, Keeler et al. [31]
showed that carbonyl C followed the order HU > HA
> FA in a forest soil. In the unfractioned HU, carbonyl C was occupied by cation bridges through
which humic macromolecules linked to inorganic
soil phases [12]. After the inorganic phases were

The intensity of carbonyl C was the highest for
FA, followed by HUi, HA, HUc, HU, and HUr. Previous studies have reported that carbonyl C was
higher for FA than for HA [4, 27, 33] and for HA
than for HU [27, 29-30, 32, 34], which were in accordance with the result in this study. However,
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destroyed by acid (H2SO4 or HF-HCl solution) treatments, these functional groups exposed to the surface of alkaline-soluble HU. Thus, it was not surprising that alkaline-soluble HUi and HUr contained
higher proportion of carbonyl C as compared with
alkaline-insoluble HU and HUr. In the present study,
carbonyl C of HUi and HUc were close to that of FA
and HA, respectively.

Fresenius Environmental Bulletin

The ratio of aliphatic C to aromatic C (i.e., aliphatic C/aromatic C) was in the order FA > HU >
HUr > HUc > HUi > HA. It suggested that the aliphatic degree of FA was the highest, followed by
HU, HUr, HUc, HUi, and HA. This result was consistent with previous studies showing that the aliphaticity was higher for FA than for HA [4] and for
HU than for HA [17, 29, 32, 35].

TABLE 3
Main compounds of humic substance fractions identified by Py-GC/MS.
Peak no.
AL1
AL2
AL3
AL4
AL5
AL6
AL7
AL8
AL9
AL10
AL11
AL12
AL13
AL14
AL15
AL16
AL17
AL18
A1
A2
A3
A4
A5
A6
Ar1
Ar2
Ar3
Ar4
Ar5
Lg1
Lg2
Lg3
Lg4
Lg5
Ph1
Ph2
Ph3
Ch1
Ch2
Ch3
Ch4
Ch5
Ch6
Ch7
Ch8
Ch9
Ch10
Ch11
Ch12
Ch13
Ch14
FA1
FA2

Compound
n-alkanes / n-alkenes
Nonane
Decane
Undecane
Dodecane
Tridecane
Tetradecane
Pentadecane
Hexadecane
Heptadecane
Nonadecane
Eicosane
Heneicosane
Docosane
Tetracosane
Hexacosane
Heptacosane
Octacosane
Nonacosane
Other alkanes and alkenes
Heptadecane,8-methylOctadecane,3-ethyl-5-(2-ethylbutyl)Eicosane, 10-methylOctacosane,3-ethyl-5-(2-ethylbutyl)1-Propene,3-(ethenyloxy)2,4-Dimethyl-1-heptene
Aromatics
Toluene
Ethylbenzene
p-Xylene
Styrene
Benzene,1-ethyl-3-methylLignin
Phenol,2-methoxyPhenol,2-methoxy-4-methylPhenol,4-ethyl-2-methoxy
2-Methoxy-4-vinylphenol
Phenol,2,6-dimethoxyPhenols
Phenol
Phenol,2-methylPhenol,4-methylCarbohydrates
Propanal,2-methylFuran,2-methyl
Acetic acid
Butanal,3-methylButanal,2-methyl2-Butenal,(E)Furan,2,5-dimethyl2-Propanone,1-hydroxyVinylfuran
Tetrahydropyran
2(5H)-Furanone
Furfural
3-Furaldehyde
2(3H)-Furanone,5-methylFatty acids
2-Propenoic acid,2-methyl-,methyl ester
Isopropyl Palmitate

Peak no.

Compound

AL19
AL20
AL21
AL22
AL23
AL24
AL25
AL26
AL27
AL28
AL29
AL30
AL31
AL32
AL33
AL34
AL35

Hentriacontane
Tetratetracontane
Octene
Nonene
Decene
Undecene
Dodecene
Tridecene
Tetradecene
Pentadecene
Hexadecene
Octadecene
Nonadecene
Eicosene
Docosene
Hexacosene
Pentatriacontene

A7
A8
A9
A10
A11
A12

2-Methyl-1-undecanol
1-Hexadecanol,2-methyl2-Nonen-1-ol,(E)2-Butanone
2-Hexanone,3-methyl1,3,5,7-Cyclooctatetraene

Ar6
Ar7
Ar8
Ar9
Ar10

Benzene,1-ethyl-2-methylBenzene,1,3,5-trimethylBenzene,1-ethyl-4-methylDibutyl phthalate
1,2-Benzenedicarboxylic acid, diisooctyl ester

Lg6
Lg7
Lg8
Lg9

Phenol,2-methoxy-4-(1-propenyl)1,2,3-Trimethoxybenzene
Ethanone,1-(4-hydroxy-3-methoxyphenyl)Phenol,2,6-dimethoxy-4-(2-propenyl)-

Ph4
Ph5

Phenol,3-ethylPhenol,4-ethyl-

Ch15
Ch16
Ch17
Ch18
Ch19
Ch20
Ch21
Ch22
Ch23
Ch24
Ch25
Ch26
Ch27

2-Cyclopenten-1-one,2-methylEthanone,1-(2-furanyl)2-Cyclopenten-1-one,2-hydroxy2(3H)-Furanone,dihydro-3-methylene2-Furancarboxaldehyde,5-methyl2-Cyclopenten-1-one,2-hydroxy-3-methyl2-Furanmethanol,5-methyl2,5-Dimethyl-4-hydroxy-3(2H)-furanone
Levoglucosenone
4H-Pyran-4-one,3,5-dihydroxy-2-methyl1,4:3,6-Dianhydro-.alpha.-d-glucopyranose
2H-1-Benzopyran-2-one,3,4-dihydro1,6-Anhydro.beta.-D-glucopyranose(levoglucosan)

FA3
FA4

Hexadecanoic acid, 2-methylpropyl ester
9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl
ester
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Compound
n-alkanes / n-alkenes

T1

Terpenoid
Squalene
N-containing compounds

N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14

d-Alanine
Trimethylamine
Acetonitrile
Pyridine
Pyrrole
Pyridine,3-methylAcetamide
1H-Pyrrole,3-methylAcetamide,N,N-dimethyl1H-Pyrrole,2,5-dimethylOxazolidine,2,2-diethyl-3-methyl4(1H)-Pyrimidinone,6-methyl1H-Pyrrole-2,5-dione
2-Pyrrolidinone
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Peak no.

Compound

N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27
N28

Benzyl nitrile
1H-Pyrrole-2-carbonitrile
2,5-Pyrrolidinedione
Benzenamine,3-ethoxyBenzothiazole
Indole
5H-1-Pyrindine
Oxazole,4,5-dimethylPiperidine,1,3-dimethylAcetamide,N-3-pyridinyl2H-Indol-2-one,1,3-dihydroAcetamide,N-(2,4-dihydroxyphenyl)2H-Furo[2,3-H]-1-benzopyran-2-one
5,10-Diethoxy-2,3,7,8-tetrahydro-1H,6H-dipyrrolo[1,2D¶¶-d]pyrazine

Peak numbers correspond to those of Figure 3.

FIGURE 4
Adsorption isotherms (a) and separation factor (RL) values (b) for the adsorption of Cu(II) on humic acid
(HA), fulvic acid (FA), humin (HU), iron-bound humin (HUi), clay-bound humin (HUc), and residual
humin (HUr).
derive mainly from cuticles and suberized tissues in
higher plants [36]. The cumulative abundance of nalkanes/n-alkenes was the highest for HUc, followed
by HUr, HUi, HU, HA, and FA. By using Py-GC/MS
technique, some previous studies have also reported
that the abundance of aliphatic hydrocarbons was
higher for HU than for HA [34, 37] and for HA than
for FA [38]. Our present results suggested that HUc
was mainly responsible for the high abundance of nalkanes/n-alkenes of HU. Thus, we could infer that
n-alkanes/n-alkenes in HU were preferentially
bonded to clay minerals. After the linkage between
n-alkanes/n-alkenes with clay minerals was broken
by HF-HCl treatment, parts of n-alkanes/n-alkenes
could be re-dissolved into NaOH solution. The
higher aliphatic hydrocarbons for HA and HU than
for FA as well as for HUc than for HUi and HUr
were consistent with the order of alkyl C in 13C NMR
spectra (Table 2).

Py-GC/MS of HS fractions.The total ion chromatograms (TICs) of HS fractions are presented in
Figure 3, and the main pyrolysis products identified
are listed in Table 3. A total of 131 compounds were
assigned, which could be divided into nine groups
according to their sources, i.e., straight chain n-alkanes/n-alkenes, other alkanes/alkenes, aromatics,
lignins, phenols, polysaccharides, N-containing
compounds, fatty acids, and terpenoids. The relative
abundances of each compound group are listed in
Table 4. Overall, HA and FA were dominated by Ncontaining compounds, whereas HU was dominated
by polysaccharides. For the three HU components,
HUi and HUr were dominated by polysaccharides,
whereas HUc was dominated by straight chain n-alkanes/n-alkenes.
A series of straight chain n-alkanes (n = 9±44)
and n-alkenes (n = 8±35) were identified in the pyrolysates. These compounds were considered to
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TABLE 4
Relative abundance (%) of different groups of compounds of humic substance fractionsa)
identified by Py-GC/MS.
Compound

HA

FA

HU

HUi

HUc

HUr

n-alkanes/n-alkenes
2.01
1.41
3.55
8.75
36.2
9.41
Other alkanes/alkenes
3.66
7.25
3.81
7.12
1.72
1.79
Aromatics
16.9
10.3
3.78
14.3
12.5
5.73
Lignin
12.6
0.97
12.3
11.3
4.74
16.1
Phenols
14.5
4.95
3.28
6.43
2.49
4.25
Polysaccharides
20.6
30.0
63.6
30.3
17.8
52.7
N-containing compounds
24.3
36.6
9.66
20.6
22.3
10.0
Fatty acids
3.37
8.55
0.00
1.30
2.32
0.00
Terpenoid
2.12
0.00
0.00
0.00
0.00
0.00
Ȉ$OLȈ$UR
1.78
5.16
4.17
2.13
4.07
2.83
HA - humic acid; FA - fulvic acid; HU - humin; HUi - iron-bound humin; HUc - clay-bound humin; HUr - residual humin.
Ȉ$OLSȈ$UR- ȈDOLSKDWLFȈDURPDWLF  Q-alkanes/n-alkenes + other alkanes/alkenes + carbohydrates + N-containing compounds
+ fatty acids + terpenoid)/(aromatics + lignin + phenols).

+$§+8!+8L!+8F!)$DQd HA > HUi > FA
> HUr > HU > HUc, respectively. Previous studies
have also shown that lignin derivatives [37] and phenols [34] were less abundant in the pyrolyzates of
HU than in that of HA, consistent with our present
results. By comparison with methoxyl C and phenol
C from 13C NMR spectra (Table 3), the relative
amounts of lignin derived products obtained from
the two methods were all higher for HA and HU than
for FA; and phenols content was higher for HA and
FA than for HU, and for HUi and HUr than for HUc.
Polysaccharides are labile and easily biodegradable compounds [49]. The most common product in all the HS fractions was 5-methyl-2-furancarboxaldehyde. Levoglucosan, which is known as a
cellulose marker [50], was also detected. The cumulative abundance of polysaccharides was the highest
for HU, followed by HUr, HUi, FA, HA, and HUc.
Our results suggested that HUr contained the highest
proportion of polysaccharides among the three HU
fractions and was thus mainly responsible for the
high abundance of polysaccharides of HU. Levoglucosan was the most abundant pyrolysate in both HU
and HUr, reflecting a large contribution of cellulosederived units in the two HS fractions. By comparison
with carbohydrate C from 13C NMR spectra (Table
2), the relative amounts of carbohydrates obtained
from the two methods were all higher for FA and HU
than for HA, and for HUr than for HUi and HUc.
N-containing compounds were dominated by
pyridine and pyrrole, which are protein marker indicating of a microbial input [39]. However, 3methylpyridine, alkyl amide, and indole are also present in fresh plant material [38-39]. Moreover, pyrrole and indole could be produced by pyrolysis of
certain amino acids [8, 51]. Benzyl nitrile was also
found, which is protein marker indicating a probable
bacterial input [39]. The cumulative abundance of Ncontaining compounds was the highest for FA, followed by HA, HUc, HUi, HUr, and HU. As reported
previously by Fabbri et al. [34], protein-derived N-

Other alkanes/alkenes were mainly composed
of branched alkylic chains, including branched alkanes, alkenes, ketones, and alcohols. Many of these
aliphatic compounds were difficult to attribute to a
single source [38, 39], and some compounds were
difficult to be identified [38]. Moreover, 2-nonen-1ol, 2-butanone, and 1,3,5,7-cyclooctatetraene were
also present in the pyrolysates. The cumulative abundance of other n-alkanes/n-alkenes was the highest
for FA, followed by HUi, HU, HA, HUr, and HUc.
The major aromatic compounds identified were
toluene, styrene, alkyl benzenes, dibutyl phthalate,
1,2-benzenedicarboxylic acid, and diisooctyl ester.
Moreover, some researchers grouped dibutyl
phthalate into contaminant [40]. Toluene was known
to derive from proteins, polyphenols, or black carbon
[38, 41-42]. Styrene could arise from anthropogenic
aromatic residues, degraded lignin, tannins, or thermally altered organic residue [43]. The alkyl benzenes, including C2 benzenes (dimethyl and ethyl
benzene) and C3 benzenes (trimethyl and ethylmethyl benzenes), could be formed by degradation of
black carbon [42] and lignin oligomers [44], or by
secondary cyclization/aromatization reactions [45].
The cumulative abundance of aromatics was the
highest for HA, followed by HUi, HUc, FA, HUr,
and HU. The higher aromatic compounds for HA
than for FA and HU as well as for HUi than for HUc
and HUr were consistent with the order of aromatic
C in 13C NMR spectra (Table 2).
Lignin derived products were mainly composed of methoxy- and dimethoxyl-substituted phenols. The presence of lignin derived compounds in
the HS fractions points to a terrestrial plant input
[46]. Phenols, including alkyl phenols (methyl or
ethyl phenols), were identified in the pyrolysates. 4methylphenol was the most common and dominant
product in all the HS fractions. Phenols can derive
from lignin, carbohydrates, proteins, polyphenols
[47], as well as tannins [48]. The cumulative abundance of lignin and phenols were in the order HUr >
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fractions are shown in Figure 4a, and the parameters
of Langmuir, Freundlich, Temkin and Dubinin-Radushkevich equations obtained by fitting the isotherms are given in Table 5. All the six HS fractions
displayed similar shapes of adsorption isotherms.
The adsorption data were interpreted by Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich
equations. However, Langmuir and Freundlich equations exhibited higher R2 values than Temkin and
Dubinin-Radushkevich equations. Freundlich equation, which had R2 values ranging from 0.991 to
0.997, provided the best fit for the adsorption process.
Based on the Langmuir equation, the qm values
were in the order FA > HUi > HA > HUc > HU >
HUr. The Langmuir constant kL were in the order
HUr > HU > FA > HUc > HA > HUi, indicating the
adsorption energy between ligand sites of adsorbents
and Cu(II) ions were larger for HUr than for the other
HS fractions. All the RL values were 0 < RL < 1 (Figure 4b), which indicated a favorable adsorption [22]
of Cu(II) on HS fractions. The higher RL values at
lower Cu(II) concentrations suggested that adsorption was more favorable at lower concentrations
[23]. The adsorption favorability was also confirmed
by the Freundlich constant n values, as shown below.

containing compounds are also more abundant in
HA than in HU.
A few fatty acids (C3, C16, and C18) were detected in these HS fractions. The plant-derived C16
fatty acids (i.e., hexadecanoic acid and palmitate)
[52] are the most abundant in HA and FA. In contrast, C3 fatty acid (i.e., propenoic acid) dominated in
HUi and HUc. In addition, these fatty acids compounds have also been ascribed to algal and bacterial
organic matter [53]. The cumulative abundance of
fatty acids was the highest for FA, followed by HA,
HUc, HUi, HU, and HUr.
The ratio of aliphatic compounds (i.e., the sum
of n-alkanes/n-alkenes, other alkanes/alkenes, carbohydrates, N-containing compounds, fatty acids,
and terpenoid) to aromatic compounds (i.e., the sum
of aromatics, lignin, and phenols) was in the order
FA > HU > HUc > HUr > HUi > HA, which was
essentially consistent with the result of aliphatic
C/aromatic C ratio obtained from 13C NMR spectra
(Table 2). The higher aliphaticity and lower aromaticity for FA than for HA [54] and for HU than for
HA [37] have also been reported by using PyGC/MS technique.
Adsorption isotherms of Cu(II) on HS fractions. The adsorption isotherms of Cu(II) on HS

TABLE 5
Adsorption isotherm parameters derived from Langmuir, Freundlich, Temkin and Dubinin-Radushkevich equations and contribution of individual HS fractionsa) to overall adsorption for Cu(II) adsorption
on humic substance (HS) fractions
Adsorption parameters
HA
Langmuir isotherm parameters
qm (mg/g)
467.3
kL (L/mg)
1.519
R2
0.995

FA

HU

HUi

HUc

HUr

578.0
1.884
0.930

155.8
2.627
0.940

558.7
1.491
0.980

416.7
1.550
0.978

103.5
3.228
0.961

Freundlich isotherm parameters
n
1.207
kF (mg/g (L/mg)1/n)
1.210
R2
0.994

1.290
2.272
0.997

1.457
1.198
0.996

1.212
1.449
0.995

1.211
1.111
0.991

1.514
1.037
0.994

Temkin equation isotherm parameters
AT (L/mol)
0.054
B (J/mol)
56.2
R2
0.877

0.059
74.9
0.854

0.060
23.8
0.884

0.054
65.9
0.866

0.054
50.8
0.880

0.065
16.9
0.901

Dubinin-Radushkevich isotherm parameters
qs (mg/g)
2.085
kad (mol2 K/L2)
3.98E-05
R2
0.542
E (kJ/mol)
12.6

2.162
3.19E-05
0.534
15.7

1.905
3.15E-05
0.463
15.9

2.120
3.77E-05
0.537
13.3

2.062
3.99E-05
0.530
12.5

1.842
3.57E-05
0.553
14.0

Contribution (%)

40.2

26.2

14.6

6.03

5.58

33.6

HA - humic acid; FA - fulvic acid; HU - humin; HUi - iron-bound humin; HUc - clay-bound humin; HUr - residual
humin.
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and chemical compositions of HS fractions are
shown in Table 6. The value of qm was significantly
positively correlated with N, H/C and N-containing
compounds (p < 0.05) and O, O/C and carbonyl C (p
< 0.01), whereas it was significantly negatively correlated with C and C/N (p < 0.01). The Langmuir
constant kL was significantly positively correlated
with C and polysaccharides (p < 0.05) and C/N (p <
0.01), whereas it was significantly negatively correlated with N, H/C, carbonyl C and aromatics (p <
0.05). The Freundlich constant n was significantly
positively correlated with C (p < 0.05) and C/N and
polysaccharides (p < 0.01), whereas it was significantly negatively correlated with H/C and carbonyl
C (p < 0.05) and N and aromatics (p < 0.01). The
Freundlich constant kF was significantly positively
correlated with other alkanes/alkenes and N-containing compounds (p < 0.05), whereas it was significantly negatively correlated with aromatics (p <
0.05). The results suggested that C-, N- and O-containing functional groups played vital role for the adsorption of HS fractions towards Cu(II).
In accordance with our present results, some
previous studies have revealed that Cu(II) could be
adsorbed onto HS fractions via its coordination with
C-, N- and O-containing functional groups in HS
fractions [56-57]. The carbonyl, aromatic and amino
groups have been reported to be engaged in the binding of Cu(II) in HS fractions [1, 58-62].

The order of the Freundlich constant kF was
nearly the same as that of qm values, suggesting that
the adsorption capacity of FA for Cu(II) were higher
than those of the other HS fractions. The n values in
the Freundlich equation were larger than 1, indicating that the adsorption was a chemical process [22]
and the adsorption process was heterogeneous and
favorable over the entire range of Cu(II) concentrations studied [20]. The chemical nature of the adsorption process is also revealed by the E values obtained from Dubinin-Radushkevich equation, which
was between 8 and 16 kJ mol±1. When the E value is
less than 8 kJ mol±1, the adsorption process has a
physical nature [55].
FA contributed the most to overall Cu(II) adsorption, followed by HA and HU. Among the three
HU fractions, HUi contributed the most to the adsorption, followed by HUc and HUr (Table 5). The
results suggested that there was a good relationship
between the extractability of HS fractions and their
reactivity against Cu(II) ion, i.e., the easier the extraction, the higher their reactivity. Furthermore, our
results also suggested that the adsorption process of
Cu(II) on HU was mainly controlled by HUi fraction.
Relationships between HS chemical compositions and their adsorption isotherm parameters
for Cu(II). The relationships between Langmuir and
Freundlich adsorption isotherm parameters of Cu(II)

TABLE 6
3HDUVRQ¶VFRHIILFLHQWVRIFRUUHODWLRQEHWZHHQDGVRUSWLRQLVRWKHUPSDUDPHWHUVRI&X II) and structural parameters of humic substance (HS) fractions (Values with * and ** are statistically significant at p < 0.05
and p < 0.01, respectively)
HS structural parameters
Elemental composition
C
H
N
O
H/C
C/N
O/C
Solid-state 13C NMR
Alkyl C
Methoxyl C
Carbohydrate C
Aryl C
Phenolic C
Carbonyl C
Py-GC/MS
n-alkanes/n-alkenes
Other alkanes/alkenes
Aromatics
Lignin
Phenols
Polysaccharides
N-containing compounds

Langmuir isotherm parameters
qm (mg/g)
kL (L/mg)

Freundlich isotherm parameters
n
kF (mg/g (L/mg)1/n)

±0.960**
0.070
0.854*
0.949**
0.869*
±0.962**
0.958**

0.812*
±0.404
±0.915*
±0.770
±0.883*
0.923**
±0.763

0.842*
±0.361
±0.933**
±0.802
±0.887*
0.945**
±0.785

±0.621
±0.309
0.301
0.652
0.418
±0.488
0.710

±0.093
0.058
±0.157
±0.261
±0.007
0.994**

±0.310
±0.400
0.499
±0.083
±0.061
±0.907*

±0.364
±0.426
0.540
±0.108
±0.094
±0.913*

±0.800
±0.626
0.633
±0.858*
±0.232
0.600

±0.004
0.696
0.798
±0.648
0.353
±0.807
0.875*

±0.235
±0.415
±0.880*
0.518
±0.409
0.865*
±0.671

±0.284
±0.354
±0.924**
0.492
±0.435
0.921**
±0.675

±0.399
0.812*
0.114
±0.734
±0.031
±0.214
0.816*
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[4] Tan, K.H. (2014) Humic matter in soil and the
environment: Principles and controversies. 2nd
ed. CRC Press, Boca Ranton.
[5] Clapp, C.E., Hayes, M.H.B., Senesi, N., Bloom,
P.R. and Jardine, P.M. (2001) Humic substances
and chemical contaminants. Soil Science Society of America, Madison.
[6] Fan, W., Yang, X., Shi, Z. and Ren, J. (2012)
Effect of humic acid on copper uptake and
metallothionein induction in Daphnia magna.
Fresen. Environ. Bull. 21, 2057±2062.
[7] Canal-Boysan, S., Bozkurt, M.A. and Kipcak, S.
(2018) The effects of organic amendments on
cadmium uptake of spinach (Spinacia oleracea
L.) and plant growth under cadmium toxicity.
Fresen. Environ. Bull. 27, 3174±3179.
[8] Fukushima, M., Furubayashi, K., Fujisawa, N.,
Takeuchi, M., Komai, T., Otsuka, K., Yamamoto, M., Kawabe, Y., Horiya, S. (2011) Characterization of humic acids in sediments from
dam reservoirs by pyrolysis-gas chromatography/mass spectrometry using tetramethylammonium hydroxide: Influence of the
structural features of humic acids on iron(II)
binding capacity. J. Anal. Appl. Pyrol. 91, 323±
331.
[9] Dudare, D. and Klavins, M. (2013) Changes in
the humic acid-metal complex-forming characteristics depending on the humification degree.
Fresen. Environ. Bull. 22, 611±620.
[10] Mylotte, R., Sutrisno, A., Farooq, H., Masoom,
H., Soong, R., Hayes, M.H.B. and Simpson, A.J.
(2016) Insights into the composition of recalcitrant organic matter from estuarine sediments
using NMR spectroscopy. Org. Geochem. 98,
155±165.
[11] Rice, J.A. (2001) Humin. Soil Sci. 166, 848±
857.
[12] Alvarez-Puebla, R.A., Valenzuela-Calahorro,
C. and Garrido, J.J. (2004) Modeling the adsorption and precipitation of Cu(II) on humin. J Colloid Interf Sci. 277, 55±61.
[13] Pallo, F.J.P. (1993) Evolution of organic matter
in some soils under shifting cultivation practices
in Burkina Faso. In: Soil organic matter dynamics and sustainability of tropical agriculture.
(Mulongoy, K. and Merckx, R. eds) John Wiley
& Sons, New York.
[14] Vega, F.A., Covelo, E.F., Cerqueira, B. and Andrade, M.L. (2011) Migration rates of Cd, Cu
and Pb in different soil profiles. Fresen. Environ. Bull. 20, 897±905.
[15] Wen, Q. (1984) Research method of soil organic
matte. Agriculture Press, Beijing.

CONCLUSIONS
The present study has shown that the relative
proportions of various functional groups in the six
HS fractions extracted sequentially from an Alfisol
were distinct as determined by 13C CPMAS NMR
and Py-GC/MS techniques. Among the six HS fractions, HA contained the highest proportion of phenols, FA has the lowest proportion of aliphatic hydrocarbons, and HUc exhibited the highest proportion of aliphatic hydrocarbons and the lowest proportion of phenols. n-alkanes/n-alkenes were particularly abundant in HUc, whereas polysaccharides
were abundant mainly in HUc. The adsorption of
Cu(II) on HS fractions could be fitted better with
Langmuir and Freundlich isotherms than with Temkin and Dubinin-Radushkevich isotherms. The adsorption of Cu(II) on HU was mainly controlled by
HUi fraction. The maximum amounts of Cu(II) absorbed on HS fractions was positively correlated
with O/C ratio and carbonyl C whereas negatively
correlated with C/N ratio (p < 0.01). The Langmuir
constant kL was positively correlated with C/N ratio,
and the Freundlich constant n was positively correlated with C/N ratio and polysaccharides whereas
negatively correlated with aromatics (p < 0.01). The
results suggest that HU is highly heterogeneous in
terms of their chemical compositions, which determine their adsorption properties towards Cu(II) ion.
However, further studies are needed by using different types of soil samples to prove the results of the
present study.
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SPAWNING ECOLOGY OF PEGUSA LASCARIS IN
ISKENDERUN BAY
(NORTHEASTERN MEDITERRANEAN SEA)
Caner Enver Ozyurt*, Sinan Mavruk, Volkan Baris Kiyaga, Hasan Ersonmez
Cukurova University, Fisheries Faculty, 01330, Adana, Turkey

spawning period is long (4-7 months) and that it continues during winter and summer but fecundity is
higher in the spring and summer months. However,
no such study has been conducted in the eastern
Mediterranean Sea.
The continental shelf in the eastern part of Iskenderun Bay is notably wide, and the substrate is
mostly sandy or muddy. There are also estuarine
coastal lagoons in the region [14, 15]. These characteristics make a suitable biotope for P. lascaris,
which is commonly observed in the region. This species is caught with trawl and trammel nets and is sold
with small Solea solea. For this reason, it has minor
economic value.
In the present study, the sexual maturity by
length relationship, the temporal change in gonadosomatic index (GSI), and the abundance of eggs
and larvae in the area were examined for P. lascaris.
Therefore, the spawning season and area and the
length at first maturity were determined.

ABSTRACT
The aim of this study was to determine the
spawning season, spawning area, and length at first
maturity of Pegusa lascaris in Iskenderun Bay
(Northeastern Mediterranean Sea). For this purpose,
experimental trawl operations in parallel with ichthyoplankton surveys were performed from September 2009 to October 2010 with monthly intervals.
Both the results of ichthyoplankton surveys and gonado-somatic index examinations showed that
spawning of Pegusa lascaris took place from the end
of autumn till the beginning of summer (8 months).
Throughout this period, there was two spawning
peaks which were in Autumn and Spring. The maximum spawning occurred in April. The spatial distribution of P. lascaris eggs revealed that the main
spawning ground was located in 0-50 m depth contours. Female length at first maturity was observed
as 14.5 cm.

MATERIALS AND METHODS

KEYWORDS:
Sand sole, spawning period, spawning area, egg, larvae

Monthly change in GSI and length at first
maturity. Experimental trawl operations were conducted monthly in Iskenderun Bay, between November 2009 and October 2010, and within a depth contour of 0-60 m, to obtain samples (Figure 1). The traditional Mediterranean type trawl net was used for
sampling. The P. lascaris individuals obtained in the
trawl operations were transported to the Fisheries
Faculty laboratories on ice. For each fish, the total
length and weight were measured first, and the sex
and the total gonad weight were recorded after dissection. To determine GSI, the following equation
was used:
GSI = Gw / (Tw-Gw) * 100 [16].
The length group at which 50% of the individuals in the stock reach sexual maturity is considered
to be the length at first maturity [17]. To calculate
this length, a two-stage (mature and immature) scale
was used. This process was performed in March,
April and May, when the gonad development was
high. The sexual maturity rate was obtained by
length group, and the data were fitted

INTRODUCTION
The sand sole is a demersal species distributed
from the southern North Sea to the Guinean Gulf and
in the Mediterranean Sea. This species can be found
in sandy or muddy substrates within a depth contour
of 5-350 m [1]. However, it is most commonly found
at depths of 20-50 m [2]. In addition, it is known that
this fish enters into estuarine coastal lagoons [3, 4]
and its larvae were determined in estuarine zone [5].
The reported maximum length is 40 cm and the maximum age is 15 [6]. Although it shows a wide range
of distribution from Eastern Central Atlantic to Mediterranean [7], information about the ecology of this
species is limited.
P. lascaris is a batch spawner [8] that deposits
eggs a few times in the spawning season, which can
last for 4.5 months or even longer [9]. Studies to determine the species¶ spawning period have generally
been conducted in the Atlantic coasts of France and
Portugal [10-13]. These studies have found that the
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FIGURE 1
Study area.
using the logistic function M(L)=1/1+ea-b*L. In this
function, M(L) is the ratio of mature female individuals of length L, a is the intersection point, and b is
the slope. Length at first maturity was calculated
with the equation M(L50)=a/b [18].

by using a generalized linear model with logit link
function. The structure of the model was as follows;
݁ ఈାఉௗ
ܲሺ ݃݃ܧൌ ͳሻ ൌ
ͳ  ݁ ఈାఉௗ
Here, P(Egg=1) is the expectation of probabilLW\RIHJJVEHLQJSUHVHQWDWDJLYHQGHSWKĮDQGDUH
the intercept and slope of the regression, and d is
depth. The logit linear model was fitted by using R
3.3.2 [22]. After the model fitted, probabilities were
predicted by using the bathymetry of Iskenderun Bay
and the results were plotted by using Diva gridding
algorithm of the software Ocean Data View V.
4.7.10 [22].

Determination of the spawning season and
area. In parallel with trawl operations, Oblique ichthyoplankton samplings were performed using a
Bongo-60 Net [19] at 28 stations located all around
Iskenderun Bay. Samples were preserved in 4% formaldehyde-borax solution. P. lascaris eggs and larvae were identified under a stereo microscope following the descriptions of Russell [20].
Spawning season of P.lascaris was determined
by using percentile method [21]. Egg and larval
abundance values were combined in this calculation.
Then, cumulative distribution of abundance was calculated against time separately in autumn (from October to January) and spring (from February to July),
due to the bimodal shape of monthly egg distribution. Then the dates corresponding to 15% and 85%
percentiles of cumulative distribution were considered as beginning and finalizing dates of spawning.
The duration between mentioned two tails were considered as spawning duration.
To determine spawning area, we only used egg
stages, so that we can remove the bias stem from advection. For this purpose, we combined all available
data obtained in different months, then we modelled
the presence/absence of eggs through depth contours

RESULTS
Monthly change in GSI and length at first
maturity. A total of 402 female P. lascaris individuals were examined during this study. Figure 2
shows the monthly change in GSI. GSI values started
to increase in January (1.14 ± 0.34), with a rapid increase between March (2.80±0.63) and April
(7.41±0.77), when it reached its highest value, followed by a rapid decline between April and June
(1.75 ± 0.14). This change in GSI showed that
spawning was most intensive between April and
June.
Mature females were initially identified at a
length of 11 cm, and all female individuals at a
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that P. lascaris eggs and larvae were present from
November to June. Monthly average water temperatures ranged between 16.36 and 24.38°C during the
months eggs or larvae present. The maximum number of eggs and larvae was observed in April, when
the average water temperature was 18.05°C.

length of 17 cm were observed to be mature. The logistic function M(L)=1+e(9.2141-0.6377*L) was used to
fit the sexual maturity by length relationship (Figure
3). According to this function, the female length at
first maturity (%ML50) was calculated as 14.5 cm.
Abundance and distribution of P. lascaris
eggs and larvae. Ichthyoplankton samples showed
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FIGURE 2
Monthly change in GSI, abundance of eggs and larvae, and water temperature.
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FIGURE 3
Maturity of female individuals by length.
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DISCUSSION

The monthly distribution of eggs and larvae
showed two peaks, one was in Autumn and the other
was in Spring. Percentile analysis indicated that 15%
th percentile was in the second half of October and
lasted 25 days in Autumn. In spring 15% the percentile of spawning were detected in the beginning of
March and 85% the percentile was in the end of
April. Spawning duration was calculated as 56 days.
The results of logit linear model showed that,
the probability of presence of eggs were significantly
decreased towards deeper zones (Table 1; p<0.05).
In the visual analyses, 50m depth contour appeared
the main spawning area (Figure 4). The sand sole
used both sides of the bay equally during March and
April, when the maximum spawning occurred. In
May and June, spawning activities occurred close to
freshwater inputs. Several eggs were also detected in
deeper waters in November.

Spawning periods of flatfishes are generally
short (2-4 months) at high latitudes, and long (up to
10 months) at low latitudes [9]. The present study
also confirmed these results. When the monthly
change in GSI and the abundance of eggs and larvae
in the area were evaluated together, the results
showed that the spawning activity of P. lascaris was
present during 8 months from November until June.
However, the intensity of spawning was not fixed
throughout the spawning period. Accordingly,
spawning started in the end of October and continued
till the end of November, even though it was in low
density. Afterwards, and in parallel with the GSI values, egg abundance increased from February and
reached its maximum value in April.
Neither eggs nor larvae were observed in January. Some of the stations in the coastal area were not
sampled due to unfavourable weather conditions and
technical problems in this term. Therefore, the lack

TABLE 1
Parameters of logit linear model.

Į
ß

Estimate
-0.753
-0.027

Std. Error
0.583
0.013

Z value
-1.292
-2.066

Pr(>|z|)
0.1965
0.0388*

FIGURE 4
The probability of egg presence throughout Iskenderun Bay calculated by logit linear model
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sampled, supports the idea that both juveniles and
adults are distributed in the same area.
In this study, the female length at first maturity
was calculated as 14.5 cm. Deniel [6] determined
that the length at first maturity was 18 cm in
Douornenez, and Gomes [25] determined that it was
21.9 cm in North Portugal and Pajuelo and Lorenzo
[28] reported that it was 17.7 cm in eastern-central
Atlantic. The length at first maturity is a function of
environmental conditions [9]. Thus, in areas where
different environmental conditions predominate, a
differentiation of the length at first maturity can be
expected for the same species. Iskenderun Bay is located at lower latitudes than the regions where the
three studies cited above were conducted, and the
water temperatures are higher. For this reason, a
smaller length at first maturity of P. lascaris was expected in Iskenderun Bay.

of eggs and larvae observed in this month might have
been caused by incomplete sampling, rather than
complete interruption of spawning.
The mean water temperature in the bay varied
from 16.36 to 24.38°C during the spawning season.
In February, when egg abundance and GSI values
started to increase, sea water temperature reached the
annual minima (16.36°C). The maximum spawning
was observed at 18.05°C in April. Spawning was
over at 24.38°C in June. These results suggest that
spawning occurs during the cold period and that it
ends when the water temperature rises above 25°C
in Iskenderun Bay.
Deniel et al. [24] determined the lowest GSI
value in February (2%) and the highest GSI value in
May-July (7-9%) in the Douarnenez and
Bertheaume Cove area in France. These researchers
reported that spawning occurred between May and
September. Teixeira et al. [13] detected the highest
GSI values in the winter and summer months, and
stated that spawning continued throughout the year
in the Portuguese coast. Other studies conducted in
Portugal also reported that spawning continued
throughout the year [11, 12, 25]. In the present study,
spawning was observed from the end of autumn until
the beginning of summer. Iskenderun Bay (Northeast Mediterranean Sea), where this work was conducted, is at a lower latitude than Portugal. The results of this study support the notion that the reproductive period of flatfishes is associated with latitudinal gradients. NASA's Giovanni system revealed
that the average minimum and maximum surface
water temperatures between 2002 and 2016 were 9.9
and 21.60°C in France (45.65 N, -1.52 W), and 13.8
and 20.04°C in Portugal (40.13N, -9.43 W). In the
present study, the minimum and maximum surface
water temperatures obtained were 16.36 and
29.03°C in Iskenderun Bay. The change in spawning
season from higher to lower latitudes is probably related to the changes of temperature regime.
Almost all of the P. lascaris eggs were found
in shallow areas less than 50 m except for November.
In November, the Asian Minor Current enters from
the western part of Iskenderun Bay and, after crossing the mouth of the Ceyhan River, it heads northeast and creates an anticyclonic eddy [26]. The eggs
observed in November probably drifted passively
into a deeper area under the influence of this circulation system. According to these observations, it is
possible to deduce that the reproduction area of P.
lascaris is from 0 to 50 m. Juveniles of some flatfish
species such as Solea solea, Arnoglossus laterna and
Buglossidium luteum, were commonly found in
coastal areas, while adults were found in deeper regions. However, this is not the case for P. lascaris
which the both juvenile and mature individuals were
found in sandy or muddy substrates near the coast
[27]. In the present study, the identification of eggs,
larvae and adults in the 0-50 m depth contour
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size of fan mussels is 20-40 cm [7]. It is a successive hermaphrodite with asynchronous maturation
[8].
P. nobilis is a good and sensitive bio-indicator
for Mediterranean littoral quality and water quality
[9, 10] so it is a particularly important species in the
Mediterranean Sea But its population has been
greatly reduced during the last 20-30 years [11] due
to recreational and commercial fishing for food, use
of its shell for decorative purposes, and incidental
killing by trawling and anchoring. Consequently, it
is listed as an endangered species in the Mediterranean ecosystem according to European Council
Directive 92/43/EEC (Annex IV). The same problem occurred in the coastal waters of Turkey and
resulted in a relative reduction of the P. nobilis
population there. The species has been protected by
law in Turkey since 1998, but these prohibitions
were not sufficient enough to sustain the population
of P. nobilis. Information such as distribution, mortality, growth rates, reproductive processes, and
dispersal of the species is essential for conservation
management and the formulation of effective legislation (e.g. BAP and HAP plan). However, information about larvae [12], spat settlement [13], culture [14, 15], and reproductive biology [16, 17] of
this species are extremely scarce.
In general, reproduction in bivalves is related
to biochemical composition and stored energy [18,
19]. Accumulation and consumption of energy can
vary between bivalve species and among populations of the same species [20]. When food is readily
available, energy can accumulate in different tissues, such as adductor muscle, digestive systems
and the mantle for gametogenesis [21, 22] In pen
shells, the adductor muscle is preferred over other
organelles for energy storage [23, 24].
Studies of reproductive biology and biochemical composition in the adductor muscle are important for achieving sustainability of P. nobilis.
Therefore, this study was designed to describe the
reproductive cycle and spawning season at Karantina Island, Aegean Sea, Turkey.

ABSTRACT
Pinna nobilis, commonly known as the fan
mussel, is an endemic and endangered species of
the Mediterranean Sea. Using specimens collected
monthly from March 2008 to February 2009, this
study examines the gonadal development and biochemical composition in the adductor muscle of the
fan mussel in relation to environmental parameters,
such as chlorophyll-a, seawater temperature, salinity, particulate organic and particulate inorganic
matter at Karantina Island, Aegean Sea, Turkey. We
observed gonadal development primarily in the
spring months and at the beginning of the summer.
The spawning period was observed from May to
September (primarily in July, with 88.8%). Monthly
variation of the gonadosomatic index (GSI) was
inversely correlated with protein of adductor muscle
and positively correlated with glycogen of adductor
muscle, meat yield, and the adductor muscle index
(p  2XU ILQGLQJV VXJJHVW WKDW SURWHLQ LQ WKH
adductor muscle was used as an energy reserve for
gametogenesis. No correlation was found between
reproduction and environmental parameters, with
the exception of salinity (p>0.05).
KEYWORDS:
Endangered, Pinna nobilis, gonad maturation, biochemical composition, protein, Aegean Sea

INTRODUCTION
The fan mussel Pinna nobilis is an endemic
species of the Mediterranean which is characteristically large, brown color and fan-shaped. It lives
with its pointed end buried in the bottom of mud,
sandy mud, or gravel, and attached to small stones
or pieces of shells by its byssus, which passes
through the anterior ventral gape [1]. In addition
Posidonia meadows are scattered the most common
at the fDQPXVVHOV¶KDELWats [2, 3]. This species has a
long life expectancy (27 years) [4, 5] and attains a
maximum size of at least 120 cm [6]. The common
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FIGURE 1
Map showing the study area.
termined using the following formula [27]:
GSI = [fresh wet weight of gonad / fresh wet
weight of soft part] X 100

MATERIAL AND METHODS
Study area. This study was conducted between March 2008 and February 2009 at Karantina
Island, which is located on the West side of Izmir
Bay (Aegean Sea, Turkey) (Fig. 1). The study area
is shallow coastal water with a depth of approximately 5 to 20 m. The bottom is primarily composed of muddy sand and covered with meadows
(Posidonia oceanica). Ten specimens of fan mussels were collected each month. These specimens
were collected from natural stock and by SCUBA
diving at depths of 5 to 10 m. Specimen numbers
were limited because P. nobilis is protected and an
endangered species. During the collection period,
hydrographical parameters, such as temperature,
salinity, chlorophyll-a, particulate inorganic matter
(PIM) and particulate organic matter (POM) were
monitored monthly at the study site.

Biochemical composition. The lipid, protein,
glycogen and ash free dry weight contents of the
adductor muscle were estimated. Protein content
was determined using the AOAC method [28] after
extraction with 0.1 N sodium hydroxide. Lipids
were extracted and purified according to the protocol developed by Erickson [29]. Glycogen (precipitated with absolute ethanol) was quantified using
the phenol-sulphuric acid method, as described by
Dubois et al. [30]. Ash is defined as the weight of
dry meat minus the weight of residual ash from the
total combustion of organic matter by AOAC [28].
Histological analysis. A section of gonad tissue from the visceral mass was dissected from each
VSHFLPHQDQGIL[HGLQ'DYLGVRQ¶VVROXWLRQ7LVVXHV
were dehydrated with increasing alcohol series,
from 70% to 96%, and embedded in paraffin. Embedded tissues were cut at 4-5 μm thickness and
stained with hematoxylin and eosin. Individual
sections were assigned to five qualitative categories
of gonad developmental stages. These categories
were adopted according to de Gaulejac [8] and
included early active, late active mature, partially
spawning, spent, and inactive.

Meat Yield, Adductor Muscle Index, and
Gonadosomatic Index. Specimens were transported to the Shellfish Laboratory of Fisheries Faculty
(University of Aegean, Izmir Turkey). Shell length,
height, width and wet weight were measured. Meat
yield was calculated according to the following
formula [25]
MY = [wet meat weight (g) / total weight (g)]
X 100
Adductor muscles were cut and separated from
the shell after freezing dried as dry weight. The
adductor muscle index was calculated based on the
formula developed by Walne and Mann [26]
AMI = [dry adductor weight (g) / dry shell
weight (g)] X 100
The gonads were separated from the body and
weighed. The gonadosomatic index (GSI) was de-

Gonad index. The gonad index (GI) that represented reproductive activity was estimated using a
numerical grading system based on the maturity
VWDJHV REVHUYHG RI HDFK PRQWK¶V VSHFimens. This
three-category score of gonad developmental stages
was calculated according to the formula developed
by Soria et al. [31]:
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muscle index was observed in May. However marginal decreases were observed between June and
July. It was nearly stable from July to August. Increases were observed again and reached
10.5±0.81% in December. In the following months,
decreases were observed again. Meat yield was
positively correlated with reproduction.
The adductor condition index was positively
correlated with glycogen (p <0.01) and the gonadosomatic index (p0.05). However, there was a
negative correlation with protein content (p<0.05)
and dry weight (p <0.01). The gonadosomatic index
sharply decreased from June to July. After July, it
increased slightly and decreased again from September to October. A gradual increase was observed
from that time until February (Table 1). The gonadosomatic index was positively correlated with the
adductor muscle index, meat yield and glycogen
content (p0.05), but it was inversely correlated
with protein content (p<0.01).

Inactive (So):1, Early developing (S1):2, Developing (S2):2, Ripe (S3):3, Partly spawning
(S4):3 and Fully spawning (S5):1
The GI for each specimen was estimated by
multiplying the number of fan mussel at each stage
and dividing the sum of the result by the total number of fan mussel in the sample.
GI = [sum of specimens X category] / total
number specimens
Data analysis. The data distribution was tested using the Kolmogorov-Smirnov Test to determine normality. 3HDUVRQ¶V FRUUHODWLRQ DQDO\VLV ZDV
applied to determine the degree of association between ash dry weight and environmental parameters
(temperature, salinity, particulate inorganic matter,
particulate organic matter and chlorophyll-a), meat
yield, adductor muscle index, gonad index gonaGRVRPDWLF LQGH[ DQG DGGXFWRU PXVFOHV¶ ELRFKHPical composition. Data were analyzed using SPSS
13.0 for Windows.

TABLE 1
Monthly variation (mean ± SE) meat yield (MY),
adductor muscle index (AMI) and gonadosomatic index (GSI) in P. nobilis.

RESULTS

Month
March
April
May
June
July
August
September
October
November
December
January
February

Change of sea water temperature showed very
similar seasonal cycles, with the maximum and
minimum temperatures occurring in July (26 ºC)
and February (13.2 ºC) (Fig. 2a). The salinity value
varied throughout the year and ranged between 33.5
ppt (October) and 39 ppt (July) (Fig. 2b). The chlorophyll-a concentration gradually decreased from
March (2.23 μg/L) to July (0.95 μg/l). Then it increased until September, and after that time, it decreased again, reaching a minimum value of 0.91
μg/l in December. A sharp increase in chlorophyll-a
concentration was observed between January (3.74
μg/l) and February (6.61 μg/l) (Fig. 2c). Temperature and chlorophyll-a values were inversely correlated (p 0.05). In addition, there was a strong correlation between particulate inorganic matter (PIM)
and particular organic matter (POM) (p<0.01).
Extremely high values of PIM and POM occurred
in March 2008, and the lowest PIM and POM values occurred in September and August, respectively
(Fig. 2d). PIM was negatively correlated to temperature, but positively correlated to chlorophyll-a
(p0.05) (Table 1).

MY(%)
6.54±0.10
7.84±0.73
7.12±0.25
9.21±0.95
8.27±0.58
6.77±0.54
6.12±0.52
6.70±0.06
5.57±0.34
6.60±0.43
6.77±0.43
5.60±0.29

GSI
6.04±1.39
7.60±1.21
14.95±1.65
11.39±1.87
2.04±0.35
3.24±0.62
1.70±0.37
1.59±0.30
3.35±0.56
3.86±0.43
3.72±0.44
4.33±0.43

AMI (%)
10.51±0.35
8.88±1.06
11.90±1.26
8.23±0.66
1.60±0.13
1.28±0.12
5.08±0.58
5.39±0.52
8.79±1.40
10.5±0.81
5.57±0.75
7.64±0.70

Biochemical composition. Monthly variations
in the content of proteins, lipids, glycogen, and ash
free dry meat of the adductor muscle are shown in
Table 2. The protein value fluctuated, with the
minimum value being observed in May and the
maximum value being observed in August. Protein
value was inversely correlated with the gonadosomatic index (p<0.01). Total lipid varied between
5.29±1.31% and 12.55±1.12%. It was significantly
negatively correlated with lipid content and temperature (p <0.01). The content of glycogen, a major
carbohydrate, was highest in May (15.48±0.63%),
followed by a sharp decline until reaching minimum levels in August (0.34±0.06%). After that
time, it gradually increased until February, with the
exception of December. Glycogen was inversely
correlated with protein value (p0.05) and dry
weight (p<0.01). Ash free dry weight changed from
6.46±1.57% to 14.02±0.68%. PearVRQ¶V FRUUHODWLRQ
analysis showed that a strong correlation was found
between ash free dry weight and temperature
(p<0.01).

Meat Yield, Adductor Muscle Index and
Gonadosomatic Index. The average shell length,
height and width of the specimens was 50.04±7.0,
17.31±1.9, and 7.08±6.71 cm, respectively, and the
average total weight was 1977.7±690 g. Monthly
changes in meat yield and adductor muscle index
are shown in Table 1. The highest meat yield was
recorded as 9.21±0.95% in June. After this month,
meat yield gradually decreased until September,
and then it reached a minimum value of
5.60±0.29% in February. The highest adductor
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FIGURE 2
Monthly variations in water temperature (A), salinity (A), concentration of chlorophyll-a (B), particulate
inorganic matter (C) and particulate organic matter (C).
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TABLE 2
Monthly variation (mean ± SD) in protein (P), total lipids (TL), glycogen (GLC) and ash free dry weight
(AFDW) in adductor muscle of P. nobilis.
Month
P (%)
TL(%)
GLC(%)
AFDW (%)
March
68.85±0.21
7.26±1.43
12.64±1.21 6.46±1.57
April
71.64±4.12
8.98±0.40
11.42±0.73 8.62±0.46
66.39±0.11
8.41±0.13
15.48±0.63 6.72±0.30
May
June
68.24±0.04
7.53±0.08
3.33±0.03
13.51±0.00
74.16±0.34
5.50±1.24
0.63±0.03
14.02±0.68
July
August
75.74±0.61
7.13±0.46
0.34±0.06
12.50±0.03
September 72.22±0.05
6.30±0.16
0.73±0.02
12.77±0.03
October
70.10±151
5.29±1.31
2.37±0.71
13.33±0.09
November 73.35±0.42
7.65±0.75
4.19±0.09
9.99±0.29
December 71.60±0.86
12.55±1.12
2.89±0.23
10.63±0.23
70.94±0.46
11.77±0.22
6.31±1.24
8.38±0.09
January
February
73.73±0.19
9.76±2.57
6.29±0.75
9.53±0.18

FIGURE 3
Monthly variation in the sex ratio of P. nobilis from March 2008 to February 2009.
partially spend stage, but male individuals were not
collected during this month. Most of the male fan
mussels were observed in the spent stage in August
(80%) and October (66.6%). Females were also
observed in this stage between August (50%) and
November (83.3%) (Fig. 4 and Fig. 5)
In regards to the cumulative frequency of gonad stages, early active and late active stages were
observed within two months of the start of the
study. The mature stage was first observed in May
(12.5%), and the major maturation time was in June
(41.17%). The first spawning was observed in May
(4.16%). The highest percentage of specimens in
the partially spent stage was observed in July
(88.8%). Spawning occurred primarily in late winter and the summer months. Spent stage was determined with inactive stage from August to November. After a sexually inactive period, gonads started
developing and were mainly observed in December
(95%); in the following months it was determined
to be 100% (Fig. 5).

Gonad development. The sex and hermaphrodite ratio of P. nobilis is illustrated in Fig. 3. A
total of 120 specimens was studied, of which 10.9%
was female, 10.9% was male, 58% was hermaphrodite and 19.3% was in an inactive stage. Hermaphrodite specimens were observed primarily during
the spawning season and the other months, with the
exception of September. The inactive stage was
observed from August to November, with the highest portion occurring in September (80%), and then
gradually decreasing until November.
During the first and second months of the
study, the early active and late active stages were
observed in both female and male specimens. At the
beginning of the study, the percentages of female
specimens in the early active stage were higher than
the percentages of male specimens. Mature females
were found between May and July, but mature male
specimens were only found in June (40%). The
partially spent stage in males first appeared as 10%
in May, with the highest percentage occurring in
July. In September, 100% of females were in the
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FIGURE 4
Relatively frequencies of each developmental stage of P. nobilis in females and males from Karantina
Island, Turkey.
TABLE 3
3HDUVRQ¶VFRUUHODWLRQPDWUL[RIHQYLURQPHQWDOIDFWRUVPHDW\LHOGDGGXFWRUPXVFOHLQGH[JRQDGLQGH[
gonadasomatic index; and protein, lipid, glycogen and ash free dry weight of adductor muscle (T: temperature, S: salinity, CHL: chlorophyll-a, PIM: particulate inorganic matter, POM: particulate inorganic
matter, GSI: gonadosomatic index, GI: gonad index, MY: meat yield, AMI: adductor muscle index, P:
protein, TL: total lipid, GLC: glycogen, AFDW: ash free dry weight).
Correlations
T
S
CHL
PIM
POM
T
1
.300
-.580*
-.578*
-.510
S
1
.062
.071
.094
CHL
1
.667*
.405
PIM
1
.935**
POM
1
GSI
GI
MY
AMI
P
TL
GLC
AFDW
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

GSI
-.062
-.028
-.019
.046
.099
1

GI
.117
.700*
.032
.084
.109
.454
1

Using macroscopic observation, the gonad
color was primarily between a reddish orange and
brown. These were observed in both females and
males. Color was not correlated with sex or degree
of maturity of the specimen.

MY
.483
.337
-.417
-.337
-.216
.644*
.737**
1

AMI
-.525
-.160
-.042
.302
.402
.666*
.226
.147
1

P
.188
.113
.143
-.075
-.267
-.749**
-.257
-.452
-.591*
1

TL
-.756**
-.157
.399
.120
.006
.153
.102
-.170
.381
-.065
1

GLC
-.511
-.106
.232
.442
.539
.698*
.159
.156
.743**
-.647*
.251
1

AFDW
.733**
.138
-.360
-.502
-.549
-.480
-.034
.142
-.725**
.425
-.507
-.902**
1

and spawning specimens. Because of spawning, a
sharp decrease was observed between July and
August, and then the gonad index value was stable
between August and November. After November,
the value increased again to start gonad development. No statistical correlation was determined
between gonad index and other parameters studied,
with the exception of salinity.

Gonad index. The gonad index gradually increased between March and July. It reached a maximum in July due to the higher numbers of mature
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FIGURE 5
Photomicrographs showing inactive (a) reproductive maturity stages of P. nobilis in female early active
(b), late active (d), mature (f), partially spend (h), spent (j) and in male early active (c), late active (e), mature (g), pDUWLDOO\VSHQG Õ VSHQW N ct, connective tissue; pvo, previtellogenic oocyte; vo, vitellogenic oocyte; o, mature oocyte; ro residual oocyte; fw, follicle wall; fl, follicles lumen; sc, spermatocyte; sg, spermatogonia; st, spermatids; sz, spermatozoa; rsz, residual spermatozoa.
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FIGURE 6
Monthly cumulative of frequencies of each development stage of P. nobilis from Karantina Island, Turkey.

FIGURE 7
Monthly variation of gonad index of P. nobilis from Karantina Island, Turkey.
active stage was first observed in October 2008
when the water temperature was recorded as 21 ºC
Our results are similar to those of de Gaulejac [8]
(1995), who reported that the period of sexual maturity for P. nobilis is generally during the summer
in the Western Mediterranean region (Diana Lagoon-Corsica). In the present study, the spawning
period was primarily observed in July (88.8%).
Acarli et al. [13] stated that spat attachment of P.
nobilis occurs in August in our study area. We think
that spawning of P. nobilis in this study area closely
coincided with that of spat attachment period before
one month.
We found a negative association between temperature and chlorophyll-a. Gonad growth, spawning and resting period were observed at the end of
spring and during the summer months when food
was scarcer than in winter. We suppose that the
behavior of fan mussels may demonstrate a conservative pattern and energy reserves accumulation
in its tissues when food availability is high. Similar
strategies have been reported in many other bivalves, such as Ruditapes decussatus [39], Atrina
semisuda [31], Pinctada mazatlanica [40] and Myti-

DISCUSSION
The study provides insight into the first time
reproductive cycle of the fan mussel (Pinna nobilis)
from the Aegean Sea. More specifically, it presents
information about the total lipid, protein and glycogen components of the adductor muscle in relation
to the surrounding environment. Reproduction in
bivalves is influenced by endogenous factors, such
as energy reserves, hormonal cycle, genotype, etc.
[32, 33] and exogenous factors, such as changes in
temperature, salinity, and food quality and quantity
[34, 35]. According to Laruelle et al. [5] and Yan et
al. [36] temperature plays a central role in the metabolic rate of animals and the availability of food,
which has been related to the timing of bivalve
reproduction [37]. In addition, previous research
shows that increasing water temperature expedites
gonadal maturation of some bivalve species [38].
However, in the present study, there was no correlation between reproduction and temperature or food
availability (p0.05). Maturation occurred with
rapidly rising water temperatures from May 2008 to
July 2008. After the spawning period, the early
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the required total lipid may be used primarily in the
digestive gland [65, 66] and mantle for gametogenesis [67]
Organic constituents act as a key substance for
several metabolic activities. As an essential nutrient, protein is used to build various body activities
[68]. It markedly increases in the gonad during
sexual maturation and decreases during spawning
[36, 69]. Our study shows that protein content in the
adductor muscle is closely related to the GSI. The
inverse correlation between the protein, adductor
muscle index and the GSI of P. nobilis was likely
related to energy stored for the reproductive cycle.
Our results suggest that protein can be transferred
like that. Furthermore, there was a negative relationship between protein and total lipid content. The
relationship between these parameters has also been
observed in other bivalves, including Modiolus
barbatus [70], Cyclina sinensis [71] Ruditapes
decussatus [49] and Flexopecten glaber [72]. It is
believed that bivalves use proteins as a source of
energy for maintenance when carbohydrate reserves
have already been depleted [69, 73-75]. The findings of our study are in contrast to the finding of
mentioned in this paper, in which Pinna nobilis
used carbohydrates in the adductor muscle as a
source of energy for maintenance after the depletion
of protein reserves.

lus galloprovincialis [41].
Salinity was recorded from 33.6% to
36.6%.There was a positive relationship between GI
and salinity (p  0RQWKO\FKDQJHVLQVDOLQLW\
trigger gametogenesis, and short term variation in
salinity may stimulate changes in spawning [42-44].
Meat yield and the adductor muscle index
provide information about the quality of meat and
health of bivalves [45-47]. The variations in meat
yield or the adductor muscle index are influenced
E\WKHELYDOYH¶VUHSURGXFWLYHF\FOH[31, 48, 49]. We
found a positive correlation between meat yield and
gonad index (p  0D[LPXP YDOXHV RI PHDW
yield were found in mature specimens and at the
beginning of the spawning period, from March to
June. On the other hand, after the spawning period,
the meat yield of the fan mussels rapidly decreased.
In addition, the lowest values of the adductor muscle index were observed from August to September,
when most of the specimens were in a resting period. These trends are similar to those reported by
Moussa et al. [50].
It is known that glycogen, lipid and carbohyGUDWH DUH HQHUJ\ UHVRXUFHV IRU ELYDOYHV¶ UHSURGXction and growth. These resources are primarily
stored in various organs, such as the adductor muscle, in the pen shell (Atrina pectinata) [51,52] and
sea scallops (Placopecten magellanicus) [53], digestive gland in the pearl oyster (Pteria sterna) [54]
and mantle in the mussel (M. gallopravincialis)
[55]. Many authors have addressed the importance
of glycogen and its inverse relationship with gametogenesis in these substrates. Essentially, glycogen
is stored during the resting period and later used
during gametogenesis [56-59]. In this study, there
were significant positive correlations between GSI,
glycogen, and the adductor muscle index (p 
We have determined that when oocytes started
growing, glycogen levels increased in spring, but
during the middle of the summer and spawning
period glycogen levels were at their minimum.
Similar results have been found in studies of
Nodipecten subnodosus [60]. Moreover, Lee et al.
[61] also show that pen shells (Atrina japonica) use
glycogen in the adductor muscle as a catabolic
substrate during the spawning period.
Some studies of bivalve species have shown
that the total lipid content plays an important role in
the physiology of marine animals, particularly during the reproductive cycle [36, 62, 63]. Liu et al.
[64] noted that lipid reserves in the adductor muscle
was a basic energy reserve and decreased during
gametogenesis. However, in our study, there was no
evidence of accumulating total lipid in the adductor
muscle(p>0.05). Yet, the maximum total lipid values were observed in winter, particularly in December, whereas gonad development and maturation
were observed after the winter. This suggests that
the accumulation of total lipid in winter may be
transfer from somatic to gonadal tissue. In addition,

CONCLUSION
Consequently, in recent years this species has
been protected by law in Turkey as many European
countries. To effectively protect this species there is
a pressing need for better information on its reproductive biology. Our data show that, gonadal development was observed mainly in the spring month
and at the beginning of the summer. Spawning was
observed mainly in July. In addition to the monitoring program, aquaculture activities such as larvae
culture and spat rearing are need to effectively
conservation program of this species in protecting
area at the Mediterranean Sea.
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ABSTRACT

distress to sustainable agriculture and environment.
Ni is a micronutrient required by higher and lower
plants in small amounts [1] but its phytotoxicity is
deemed to be more important than its shortage. Ni
stress usually reduces seedling growth, chlorophyll
contents, essential nutrients, biomass production and
affects morpho-physiological and antioxidants activities.
Different strategies are used to improve toxic
effects of heavy metals, which include pre-sowing
seed treatments, exogenous application of compatible solutes, plant growth regulators, antioxidants,
hormones and inorganic salts [2]. Salicylic acid (SA)
induces a multitude protective mechanism, enhancing resistance to biotic and abiotic stresses by altering the antioxidant capacity in plants [3]. Foliar application of SA positively effects on growth, chlorophyll contents, mineral ions and yield of plants.
Maize plant (Zea mays L.) is an essential grain
food crop commonly cultivated throughout the
world after wheat, rice and cotton. Maize becomes
an important food crop for Pakistan because it is successively grown-up under diverse climatic conditions [4]. During 2010-2011 total maize cultivated
area in Pakistan was 974.3 thousand hectares with
the production of 3706.9 thousand tons [5]. But in
recent years, its production is decreasing due to toxic
level of metals and other pollutants in the environment. Therefore, current pot experimentation was
performed to investigate, whether foliar applied SA
can promote Ni stress tolerance in two different varieties of maize.

Salicylic acid (SA) is a natural plant hormone
and essential signaling compound known for effective role in biotic and abiotic stress tolerance. A pot
experiment was conducted to assess the influence of
salicylic acid (0, 0.15 and 0.30 mM) on morphophysiological attributes of nickel (Ni) treated (700
μM of NiSo4) and non-treated two maize (C-20 and
EV-79) varieties. Results revealed that Ni stress reduced growth, chlorophyll contents and mineral ions
in maize, whereas, significantly increased
malondialdehyde (MDA), hydrogen peroxide
(H2O2) and leaf free proline contents. Foliar applied
SA reduced MDA, H2O2 and glycine betaine contents (GB), while, increased growth, chlorophyll
contents, leaf free proline and leaf and root calcium
content in both maize varieties. Of varying levels of
foliar applied SA, 0.30 mM was proved to be most
effective against Ni stress as compared to 0.15mM
in all parameters of both maize varieties especially
at chlorophyll and ionic contents. Overall, variety C20 performed better as compared to EV-79 in growth
and other physiological responses under control as
well as Ni stress.

KEYWORDS:
Growth, chlorophyll pigments, reactive oxygen species

INTRODUCTION
Environmental pollution due to heavy metals is
a serious problem all over the world. In Pakistan, industrial waste water is used for irrigation which is a
major source of heavy metal pollution for agricultural soils. Crop production in polluted areas causes
accumulation of metals in different plant organs that
affects the metabolic processes. Stress induced by
metals or metalloid has been a matter of great

MATERIALS AND METHODS
A pot experiment was performed to evaluate
the impacts of salicylic acid on morpho-physiological characteristics of two maize (Zea mays L.) varieties i.e. C-20 and EV-79 under nickel stress. 10 seeds
of each variety directly sowed in each plastic pot (23
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both varieties. SA application showed non-significant response to chlorophyll a/b ratio.
Ni stress significantly (P< 0.05) reduced the
shoot and root sodium, shoot potassium. However,
non-significant results were observed for root potassium. SA treatment showed non-significant effects
in all above-mentioned ion contents. Ni stress did not
affect leaf Ca2+ in both maize varieties. SA application increased leaf and root calcium in each maize
variety. Minor reduction was observed in shoot and
root P under stress conditions. Both maize varieties
differed significantly (P< 0.05) in this parameter, C20 showed more accumulation of P than EV-79 under stress and non-stress conditions.
Malondialdehyde (MDA), hydrogen peroxide
(H2O2) and proline considerably (P< 0.05) elevated
in each maize variety by application of Ni stress
which increased oxidative stress in plants. C-20 accumulated more MDA as compared to EV-79. Foliar
application of SA (0.15 and 0.30 mM) reduced
MDA, while increased proline contents in both
maize varieties. GB was slightly increased by the application of Ni stress. There was significant (P<
0.05) difference between two maize varieties as C20 accumulated more GB while, in EV-79, its level
decreased in response to the stress conditions. Application of SA significantly (P< 0.05) decreased GB in
both maize varieties.

x 29 cm) filled with 10 kg of washed river sand. Subsequent to sprouting, seedlings were thinned to almost uniform size. After22 days of germination,
plants were introduced to 2 levels of Ni (0 and 700
μM) stress and three levels of foliar applied SA
(Control, 0.15 and 0.30 mM) along with Hoagland's
nutrient solution. After three weeks of treatment application, plants were harvested for analyzing different morpho-physiological attributes.
x One plant from every pot was uprooted and
washed with tap water after three weeks of treatment
application. Length of shoots and roots were recorded by using a meter rod. Fresh weight of shoot
and root were measured with the help of measuring
balance.
x The collected shoots and roots were dried at
60-65oC in an oven for three days, then weights of
dried samples were measured with the help of measuring balance.
x Chlorophyll a and b were measured by using spectrophotometer (IRMECO U2020) after placing the samples over night at 4oC [6].
x Shoot and root (0.1 g) samples were digested [7] and measured K+, Na+ and Ca2+ions by using flame photometer (Jenway PFP 7).
x For phosphorus determination, digested extract was used [8]. Standard curve was drawn for final concentration.
x GB [9] and proline [10] were determined by
using spectrophotometer for assessment of organic
osmotica present in plant
x Reactive oxygen species like H2O2[11] and
MDA [12] were determined the with the help of
spectrophotometer using standard curve for final
concentration.
x The experiment was carried out in completely randomized design (CRD) with four replicates. Analysis of variance of all the attributes was
determined through Co-STAT computer software.

DISCUSSION
In present study, Ni stress showed inhibitory effect on biomass production of both maize varieties
(C-20 and EV-79). These results correlates with
some previous findings reported in sunflower [13],
and chickpea [14]. The accumulation of Ni in root
apex greatly hampers mitotic cell division, which ultimately results in growth reduction [15]. The reduced plant growth due to Ni stress occurred as a result of reduced root growth due to imbalanced availability of essential nutrients [16]. Ni stress-induced
growth inhibition was alleviated by exogenous application of SA as reported in maize [17] and mustard plants [18].
In current experimentation, chlorophyll a and b
decreased in both maize varieties with the increased
level of Ni. It has been reported that Ni toxicity can
lead to reduced chlorophyll contents and interruption
of electron transport chain by damaging mesophyll
cells, thylakoid membranes and chloroplast grana
structure [19]. Foliar applied salicylic acid significantly enhanced chlorophyll a and b contents in both
varieties. SA enhanced the biosynthesis of photosynthetic machinery which produced more photosynthates [20]. Exogenous application of SA considerably elevated net photo-

RESULTS
Nickel stress showed a significant (P< 0.05) reduction in all growth attributes such as shoot and
root fresh and dry weight, shoot and root length of
both maize varieties as compared to control ones. Effect of SA application was proved to be slightly significant for shoot and root fresh and dry weights and
root length, however, significantly increase shoot
length. A significant (P< 0.05) difference was also
observed in both varieties, Ev-79 performed better
than C-20 under control and Ni stress conditions.
Chlorophyll a, b and a/b ratio significantly (P<
0.05) decreased in both maize varieties with the increased level of Ni. The foliar-applied salicylic acid
significantly enhanced chlorophyll (a, b) contents in
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FIGURE 1
Growth, Malondialdehyde (MDA), hydrogen peroxide (H 2O2), glycinebetaine (GB) and proline contents of
two maize (Zea mays L.) varieties when subjected to varying levels of salicylic acid (SA) under control and
nickel stress conditions (Mean ± S.E.; n = 4)
T1=0 mM SA, T2= 0.15 mM SA and T3=0.3 mM SA
V1=C-20 and V2=EV-79
Ni stress reduced ions accumulation such as
shoot Na+ and K+ in both maize varieties. It has been
reported that Ni stress causes ionic imbalance, nutrient deficiency and specific ion toxicity in different
vegetables [23, 24]. Ni stress did not affect shoot
Ca2+ in both maize varieties but decreased the accumulation in roots. SA application increased the root

-synthesis rate, which can be result of enhanced
functionality of photosynthetic apparatus in plants
either by internal tissue nitrate mobility or by manufacturing chlorophyll [21]. The elevated N assimilation in plants receiving SA gives N backbone for
chlorophyll and proline preparation [22].
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calcium in both maize varieties. Minor reduction was
observed in root P under stress conditions. SA treatment decreased shoot P but showed non-significant
effects in root P accumulation as reported in wheat
[25].
The production of elevated levels of proline by
higher plants is a typical non-enzymatic response to
stress induced by a wide range of biotic and abiotic
stressors. Both maize varieties showed increased

Fresenius Environmental Bulletin

level of proline as reported in rape seed [26] and
lemongrass [27]. In this experiment, exogenously
applied SA enhanced proline level in maize varieties
under Ni stress. These findings are similar to earlier
results such as in Brassica napus [18] and pea seedlings [28]. These results suggested that under Ni
stress conditions proline accumulation is one of the
most important strategies in osmotic adjustment and
help in reducing toxic effects of stress [29].

FIGURE 2
Mineral ions and Chlorophyll (Chl) contents of two maize (Zea mays L.) varieties when subjected to
varying levels of salicylic acid (SA) under control and nickel stress conditions (Mean ± S.E.; n = 4)
T1=0 mM SA, T2= 0.15 mM SA and T3=0.3 mM SA
V1=C-20 and V2=EV-7
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[3] Siddiqui, M.H., Al-Whaibi, M.H., Ali, H.M.,
Sakran, A.M., Basalah, M.O. and Alkhaishany,
M.Y.Y. (2013) Mitigation of nickel stress by the
exogenous application of salicylic acid and nitric oxide in wheat. Australian Journal of Crop
Science. 7, 1780-1788.
[4] Farzaneh, N., Nejad, R.A.K. and Hasanjanzadeh, F. (2011) The Physiological responses of
sunflower (Helianthus annuus L.) to NiSO4. African Journal of Plant Science. 5, 201-206.
[5] Anon, L. (2011) Economic Survey of Pakistan
2010-11. Ministry of Food, Agriculture and
Livestock (Federal Bureau of Statistics). Govt.
of Pakistan. Islamabad. 33-35.
[6] Arnon, D.T. (1949) Copper enzyme in isolated
chloroplast polyphenoloxidase in Beta vulgaris.
Plant Physiology. 24, 1-5.
[7] Wolf, B. (1982) A comprehensive system of leaf
analysis and its use for diagnosing crop nutrient
status. Communication in Soil Science and Plant
Analysis. 13, 1035-1059.
[8] Jackson, M.L. (1962) Soil chemical analysis.
Contable. Co. Ltd. London.
[9] Grieve, C.M. and Grattan, S.R. (1983) Rapid assay for determination of water soluble quaternary ammonium compounds. Plant and Soil. 70,
303-307.
[10] Bates, L.S., Waldren, R.P. and Teare I.D. (1973)
Rapid determinations of free proline for water
stress studies. Plant and Soil. 39, 205-207.
[11] Velikova, V., Yordanov, I. and Adreva, A.
(2000) Oxidative stress and some antioxidant
systems in acid rain treated bean plants; protective role of exogenous polyamines. Plant Science. 151, 59-66.
[12] Carmak, I. and Horst. J.H. (1991) Effect of aluminum on lipid peroxidation, SOD, CAT and
POD activities in root tips of soybean. Physiological Plantarum. 83, 463-468.
[13] Ashraf, M.Y., Sadiq, R., Hussain, M., Ashraf,
M. and Ahmad M.S. (2011) Toxic effect of
nickel (Ni) on growth and metabolism in germinating seeds of sunflower (Helianthus annuus
L.). Biological Trace Element Research. 143,
1695-703.
[14] Khan, M.R. and Khan, M.M. (2010) Effect of
varying concentration of nickel and cobalt on
the plant growth and yield of chickpea. Australian Journal of Basic and Applied Science. 4,
1036-1046.
[15] L'Huillier, L., D'Auzac, J., Dur, M. and
Michaud-Ferriere, N. (1996) Nickel effects on
two maize (Zea mays) cultivars: growth, structure, Ni concentration, and localization. Canadian Journal of Botany. 74, 1547-1554.
[16] Siddiqui, M.H., Mohammad, F., Khan, M.M.A.
and Al-Whaibi M.H. (2012) Cumulative effect
of nitrogen and sulphur on Brassica juncea L.
genotypes under NaCl stress. Protoplasma. 249,
139-153.

Glycinebetaine (GB) helps in osmotic adjustment and functioning of metabolism under stress
conditions. In this study, exposure of Ni stress increased the accumulation of GB. Analogous response in terms of GB accumulation under heavy
metal stress has been reported in terrestrial as well as
aquatic plants e.g. Spartina and Phragmites [30]. GB
is shown to confer heavy metal stress tolerance due
to protection of organelles and enhanced antioxidant
enzymatic activity [31]. It was proved that SA generates GB-accumulation by elevated level of methionine and repressed excessive ethylene production
under stress conditions. Analogous impacts were noticed by applying SA-analog, 2, 6, dichloro-isonicotinic acid on GB accumulation and reduced negative
impacts of stress [32]. In contrast to previous studies,
exogenous application of SA in present experiment
reduced the GB contents in both maize varieties under Ni stress.
In present experimentation, MDA and H2O2
contents were increased in both maize varieties under Ni stress. Ni concentration may result in reduced
plant growth and development due to production of
reactive oxygen species (ROS) such as H2O2 which
promotes oxidative damage of cell [33]. However,
this increase in MDA and H2O2 diminished by SA in
current study as reported in wheat [3] and ryegrass
[17]. The chelating activity of SA on metals may
cause reduced MDA content under heavy-metal
stress. It can be postulated that SA stabilizes cell
membranes and enhance antioxidant enzymatic activity.
It is inferred from the results of present investigation that exogenously applied SA alleviated the
adverse impacts of Ni stress on growth of maize
plants by osmoregulation which is possibly mediated
by increased production of proline. Further protection under Ni stress was achieved through reduced
activities of ROS and increased photosynthesis. SA
being low-cost and environment friendly can be recommended for farmers to use in their fields for alleviating nickel stress; in addition, SA induces systemic acquired resistance against diseases.
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[6]. Multivariate statistic technologies have been
widely used in water quality evaluation. Polycyclic
aromatic hydrocarbons (PAHs) are a main class of
pollutants, and the spatial and temporal distribution
of PAHs in water resources can be distinguished
with multivariate statistics [7-11]. In fuzzy comprehensive evaluation, the method of determining the
weights is very important and this will affect the
evaluation results. Entropy weight is an effective
method to conduct water quality evaluation [12]. In
information theory, entropy describes the disorder
degree of a system and measures the effective information provided by data [13]. If the entropy value of
an indicator is small, this indicator provides more information and vice versa. Single factor fuzzy comprehensive evaluation and multilevel fuzzy assessment were used to assess the water quality of Tai
Lake, China [14]. Because fuzzy comprehensive
evaluation employs maximum membership principles and adopts the largest or smallest operational
method, water quality assessment results will be controlled by individual factors and may lose much information. The grey correlation analysis method is
widely used for water quality evaluation. This
method was able to use the information effectively
and was very easy [15-18]. Matter element analysis
was proposed by Cai in the 1980s, and was an effective way to deal with incompatible problems [19].
This method is not only accurate, but also simple to
conduct [20]. So based on existing monitoring sections and water quality data, matter element analysis
could be used to conduct optimization analysis on a
water quality section. Time series analysis comprises
methods for analyzing time series data in order to extract meaningful statistics and other characteristics
of the data. A time series is a sequence of data points,
typically consisting of successive measurements
made over a time interval. Time series forecasting
uses a model to predict future values based on previously observed ones. Time series data mining and
neural network are always combined and they are
used to forecast water quality. A time series data
mining model that combined an artificial neural network (ANN) and AR model was used to solve water
quality forecasting problems [21]. The forecasting
model combining ANN and AR performed better
than either the ANN model or AR model alone [22].

ABSTRACT
Because water quality data is always associated
with a long period and there are many indicators, it
is necessary to reduce the dimension of data before
water quality analysis. Interval-valued data analysis
is a method that can transfer traditional point data
into interval-valued data. This data conversation
method will not lose information during the process.
Together with another dimension reduction method,
principal component analysis (PCA), interval-valued
data PCA was used to assess the water quality of the
Taizi River, Shenyang Province. Like some traditional PCA, interval-valued data PCA is based on the
correlation coefficients of the indicators. The results
show that the first three principal components account for 86.3% of the total variance and they indicate oxygen demand, COD pollution and NH3-N
pollution separately. The principal components
could be expressed by the original data and they are
also interval-valued data. Interval-valued data PCA
is able to analyze water quality effectively without
information loss.

KEYWORDS:
Interval-valued data, principal component analysis, water
quality assessment, dimension reduction

INTRODUCTION
As an important problem in environment research, water quality degradation has received much
attention in China. Although many methods have
been used to assess water quality, there are still no
uniform standards for water quality evaluation.
Along with improvement of surface water environment analysis technology, research on the temporal
and spatial characteristics of surface water quality
has become an important way to master water body
pollution information and strengthen water quality
management [1,2]. Principal component analysis, hierarchical cluster analysis and discriminant analysis
are applicable to temporal-spatial pattern analysis.
These methods could evaluate water quality of inland rivers [3,4], coastal water [5] and ground water
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In general, due to the limitations of the methods
mentioned above, these methods will affect the relationships of the data and lose some information. So
the situation is not ideal. More effective methods to
evaluate water quality are necessary. Interval-valued
data analysis is an effective method that could reduce
the dimension of data without information loss. Because water quality data always contain several monitoring sites and some indicators measured over a
long period, this method is very suitable for water
quality analysis. If water quality data is changed into
interval-valued data, the calculation will be much
simplified. Principal component analysis (PCA) is a
statistical analysis method that can change the original variables into a few comprehensive indicators.
This is another dimension-reduction technology.
Traditional PCA is used in connection with real
number samples, that is to say, each sample is a point
vector. Interval-valued data are also a common type
of data and principal component analysis for interval-valued data is a necessary method for data analysis. Many scholars have developed interval-valued
data principal component analysis methods [23-27].
Vertex principal component analysis (V-PCA)
[23,24] and center principal component analysis (CPCA)[23] are two important interval-valued data
PCA methods. The interval data samples are considered as a hyper-rectangle with 2 p vertexes in VPCA, where p is the number of variables. The orig-
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interval data.

x and x are the lower bound and up-

x = x , the interval
X and Y are two random

per bounds respectively. When
data is a real number. If

interval data, and
is a binary operator, the operation of two interval data is defined as
X Y = {x y| x X, y Y} and the result is
also interval data. If the operator is a division operation, 0 Y [28-31].
If interval data X follows an arbitrary probability distribution and the observed value is in the interval [a, b], X is a generalized distribution interval symbolic variable, also known as generalized
distribution interval variable or interval variable.
[a, b] is the generalized distribution interval symbolic number or generalized distribution number or
are p interval
interval number.
are

variables,

n

symbolic objects,

[akj , bkj ] is the interval observation of variable X j
in the

k -th symbolic

object. The data matrix of a

symbolic object could be expressed as

(1)
In order to distinguish it from the general sample matrix X , the interval matrix is represented as
[X].

inal data matrix is transferred into an (n×2 p ) p
dimension matrix, where n is the number of samples, then tradition PCA is conducted on the matrix.
It is obvious that the calculation grows exponentially
along with the number of variables [25]. C-PCA just
uses the center to represent the interval data. This
method could simplify calculation but much information is lost.
Because interval-valued data can simplify the
data and PCA can reduce the dimension of complex
data, these two methods are combined in this study
to evaluate water quality. The second section introduces the methods and the third section describes the
application of this water quality evaluation method.

For interval symbolic variable

X j , the obser-

vation of the k-th symbolic object is

[akj ,bkj ] and

the corresponding interval variable is

X kj . Suppose

that every symbolic object could be observed with
the same probability. The empirical distribution
function of

Xj

is the comprehensive set of n ranwhich obey

dom variables
the generalized distribution. That is

METHODS AND THEORIES
Sample sites. The Taizi river is located in Liaoyang, Liaoning Province, China. Xiakouzi is on the
lower reaches of the river. The pollution of this section is very serious and the main pollutants are NH3N and COD. The data were collected from 2009 to
2012 monthly in the Xiakouzi section and there were
five indicators, DO, CODMn, COD, COD5, NH3-N.
So the data matrix has dimensions 48×5.
Descriptive

statistic

of

X = [x, x] = {x : x x x, x

(2)

FX (x)
kj

variable

is the distribution function of interval

X kj . The empirical density function of in-

terval variable

Xj

is

1 n
f X j (x) = F (x) =
f X (x)
n k=1 j
'
Xj

one

variable.
is
} called an

(3)

The empirical mean of interval variable
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S12 =

SX1 ,X2

kj



(4)

=

is the mean of generalized distribution interval variable

X kj . Because it is difficult to obtain

, sample mean
mator of
iable

=

X kj

is always used as the esti-

S12 =

X kj .

The sample variance

Skj2

1
n

1
n

x1 x2 (

n
k=1

n
k=1

+

Xk1 ,Xk 2

(

1
n

n

f (X1 , X2 ))dx1 dx2

Xk1 ,Xk 2

+

k1

k2

) X1 X 2

1
n

n
k=1

(

k1

k2

)

1
n2

r12 =

.

n
k1

k=1

( X1, X 2 ) ,

let

distribution function of

is

k

-th

S12
S12 S22

(10)

be the eigenvalues of
the
trix.

aj =
(6)
Then, the joint empirical density function of

R and

corresponding
eigenvectors
are
. B is a column orthogonal ma-

Y = XB
j

/(

are called principal components,
p
j

j =1

) is

the variance contribution

rate of the i-th principal component,

p
j =1

aj is the

cumulative contribution rate of the first m principal
components.
Secondly, B = (bij ) p p is decomposed into

can be computed.

f X (x1 , x2 ) =

k2

conducting principal component analysis for standardized data. According to the correlation coefficient
of two interval variables, the empirical correlation
coefficient matrix R can be computed. Let

.
empirical

k=1

Interval data principal component analysis.
Interval data principal component analysis is based
on the empirical correlation coefficient. The steps
are shown as follows.
Firstly, X = (xij )n p is the sample matrix,

the observation of the k-th symbolic object be

( X1, X 2 )

n

symbolic object. It is the covariance of the point data
in the corresponding interval. According to empirical covariance, the correlation coefficient of two interval variables is

Descriptive statistic of two variables. Choosing two specific interval variables,

X1 X 2

k=1 Zk

(9)

of the

original data could be used as the estimators of

( X1, X 2 )

+

X1 X 2

is the inner covariance of the

(5)
is the variance of general distribution inter-

The joint

+

x1 x2 f X (x1 , x2 )dx1 dx2

(8)

is

val variable

+

That is

. The empirical variance of interval var-

X kj

+

FX (x1 , x2 )
x1 x2

two matrixes
nus signs.

1 n FZk (x1 , x2 )
=
x1 x2
n k=1

B+

1 n
=
fZ (x1 , x2 )
n k=1 k

B

(7)
According to the joint empirical density function, the empirical covariance of two interval variables is

B+

and

B

according to plus and mi-

(bij ) nun , bij 

bij , bij t 0
°
®
°̄0, bij  0

(bij ) nun , bij 


°bij , bij d 0
®
°̄0, bij ! 0

B+

(11)

and B contain the non-negative elements and non-positive elements respectively and
the corresponding negative and positive elements are
replaced by 0.
Thirdly, calculating the interval principal components
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data matrix.
In order to conduct interval-valued data principal component analysis, the correlation coefficients
of the five indicators should be calculated first. Table
2 shows the correlation coefficients. If most of the
correlation coefficients are large, it is improper to
conduct PCA. For interval-valued data PCA, this is
also the general rule. From this table, we could find
that more than half of the coefficients are between 0.5 and 0.5, so this data are suitable to apply PCA.
Total variance explained is a main measure of
PCA. There are two ways to determine how many
components there should be. One way is to choose
the ones whose eigenvalues are greater than 1. Another is the 85% rule. If the first several components
account for more than 85% total variance explained,
these components are the more important ones. Note
that the first three components could explain 86.3%
of the total variance (Table 3).

(12)

are the lower bound and upper

bound of the sample data matrix respectively.

Y

and Y are the lower bound and upper bound of the
interval principal component respectively.

RESULTS AND DISCUSSION

Interval-valued data principal component
analysis. The original data are transferred into interval-valued data, which is a dimension reduction process. Table 1 shows the interval-valued data matrix
according to the month. So each element of the matrix is an interval that contains an indicator in a specific month for four years. This is an interval-valued
TABLE 1
Interval-valued data of original data
Month
1
2
3
4
5
6
7
8
9
10
11
12

DO
[7.50,10.10]
[7.10,10.00]
[7.20,9.20]
[6.90,11.60]
[8.40,10.30]
[8.10,8.90]
[7.90,8.30]
[7.30,9.90]
[6.00,8.80]
[7.20,7.90]
[7.50,9.50]
[8.30,9.20]

CODMn
[1.36, 5.93]
[2.20, 3.01]
[1.42, 3.29]
[3.42, 5.75]
[2.49, 3.54]
[1.93, 4.00]
[2.55, 3.27]
[2.05, 4.13]
[2.48, 3.37]
[1.91, 3.23]
[2.07, 3.04]
[1.95, 4.54]

COD
[5.00, 17.70]
[5.00, 17.80]
[5.00, 12.70]
[10.90,14.00]
[5.00, 12.90]
[5.00, 13.70]
[5.00, 14.20]
[5.00, 5.00]
[5.00, 10.70]
[5.00, 5.00]
[5.00, 10.00]
[5.00, 15.70]

COD5
[1.00, 5.00]
[2.10,5.10]
[2.10, 4.50]
[3.10, 5.60]
[1.00, 2.70]
[1.00, 2.70]
[1.00, 2.80]
[1.00, 2.80]
[1.00, 3.20]
[1.00, 2.60]
[1.00, 2.80]
[1.00, 2.60]

NH3-N
[0.11, 2.04]
[0.46, 1.25]
[0.81,3.02]
[0.96, 1.39]
[0.60, 2.59]
[0.43, 0.96]
[0.21, 1.02]
[0.30, 0.96]
[0.48, 0.99]
[0.10, 0.88]
[0.20, 1.03]
[0.25, 0.48]

TABLE 2
Correlation coefficients of the five indicators
DO
CODMn
COD
COD5
NH3-N

DO
1.00
-0.12
-0.14
-0.24
-0.14

CODMn
-0.12
1.00
0.66
0.62
0.22

COD
-0.14
0.66
1.00
0.57
0.24

COD5
-0.24
0.62
0.57
1.00
0.45

NH3-N
-0.14
0.22
0.24
0.45
1.00

TABLE 3
Total variance explained (cumulative contribution rata)
Component
1
2
3
4
5

Initial eigenvalues
Total
% of variance
2.493
0.499
0.979
0.196
0.842
0.168
0.308
0.062
0.378
0.075

Cumulative %
0.499
0.695
0.863
0.925
1.000

TABLE 4
Component matrix
Variables
DO
CODMn
COD
COD5
NH3-N

Component 1
-0.33
0.82
0.81
0.87
0.54

Component 2
0.80
0.32
0.29
-0.03
-0.38

Component 3
0.49
-0.19
-0.18
0.09
0.72
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Component 4
0.04
-0.41
0.20
0.29
-0.12

Component 5
-0.05
-0.13
0.43
-0.39
0.16
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TABLE 5
Interval values of the principal components
Component 1
[1.73, 14.05]
[2.91, 12.45]
[2.79, 10.23]
[6.96, 12.28]
[2.44, 9.07]
[2.39, 9.23]
[2.76, 9.22]
[2.19, 5.04]
[2.71, 8.08]
[2.48, 4.46]
[2.25, 7.03]
[2.27, 10.27]

Component 2
[7.04, 15.28]
[7.29, 14.10]
[6.46, 11.90]
[9.20, 14.94]
[8.01, 13.05]
[8.21, 12.37]
[8.22, 11.88]
[7.60, 10.70]
[6.66, 11.18]
[7.51, 8.86]
[7.74, 11.54]
[8.57, 13.45]

Component 3
[-0.58, 6.23]
[0.17, 5.39]
[1.47, 6.46]
[0.76, 4.97]
[1.75, 6.30]
[1.19, 4.39]
[0.97, 3.99]
[2.38, 4.91]
[0.84, 4.29]
[2.36, 3.79]
[1.63, 4.74]
[0.65, 4.15]

Component 4
[-1.86, 8.78]
[1.00, 8.17]
[0.41, 6.45]
[1.59, 6.20]
[-0.17, 4.92]
[-0.16, 5.54]
[0.34, 5.32]
[-0.32, 2.51]
[0.12, 4.32]
[0.34, 2.39]
[0.47, 4.27]
[-0.44, 6.25]

Component 5
[-1.70, 11.29]
[-1.06, 10.31]
[-0.58, 7.38]
[2.14, 6.84]
[0.38, 7.80]
[0.34, 8.08]
[0.42, 8.33]
[0.14, 2.09]
[0.18, 6.05]
[0.56, 2.11]
[0.38, 5.55]
[0.22, 9.33]

strong relationship with CODMn, COD, COD5, the
second principal component has strong relationship
with DO and the third principal component has
strong relationship with NH3-N. So these three principal components mainly explained oxygen demand,
COD pollution and NH3-N pollution. This intervalvalued data principal component analysis is very
helpful in conducting water quality analysis.

This illustrates that these three components could
contain most of the information of the original data
and the five indicators could be replaced by 3 components.
Table 4 is the component matrix. This matrix
shows the coefficient of each principal component
with the indicators. From this table, we can conclude
that principal component 2 is composed of DO, this
is the only beneficial indicator in water quality and
almost all the chemical reactions will need it in a water body. Principal component 2 is composed of
CODMn, COD and COD5. This group of variables refers to the main types of chemical oxygen demand.
The component 3 mainly consists of NH3-N. Because the last two components have weak relationship with the variables, they have no significant effect on the water quality assessment, and there is no
need to discuss them.
Every component could be expressed by the
original 5 indicators. Table 5 contains the interval
values of the 5 components.
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ABSTRACT

INTRODUCTION

Using agronomic and quality characteristics,
genotypic and phenotypic performance of barley
lines were investigated in East Mediterranean condition in Turkey in three consecutive years from 2012
to 2014 based on randomized complete block design.
Growing seasons had dramatically different climatic conditions therefore, years were considered as
different environments. 2014 was the best selection
environment for drought tolerance. Agronomic traits
such as heading date (HDD), maturity date (MTR),
plant height (PHT), lodging rate (LRT), lodging angle (LAN), grain yield (YLD,) thousand kernel
weight (TKW), hectoliter weight (HKW), barley leaf
spot (SCALT) tolerance scoring, as well as quality
traits such as fat, fiber, protein (PR) and starch (STR)
contents of barley genotypes were measured in the
three different environments.
Results showed that YLD was mostly correlated with PHT, MTR and FBR. All traits except
PHT, HWT and PRT were significantly affected by
genotype x environment interaction. Yield component traits such as TKW and HWT was moderately
high in terms of heritability values while quality
traits of FAT and PRT was contained highest heritability values. 13 lines and one cultivar of tested 25
genotypes were stable at yield over three environments. The highest yielding genotype was G16 in
2012. While G10 was the highest yielding genotype
in drought conditions of 2014. All lines competed
well with cultivars over three environments. In the
present study, some barley lines appear to carry useful alleles for stable yield and quality traits. The results of this study will be helpful for barley breeders
and farmers to improve and make use of barley cultivars adaptable for Mediterranean environments.

Barley (Hordeum vulgare L.) is considered as
the fourth most important cereal crop in the world
after wheat, maize and rice [1]. Barley can be grown
on areas with low precipitation, and is known to have
tolerance to salt, drought and frost. It has an advantage over other cereals in terms of early period of
development. Therefore, barley is a suitable crop
where rainfed agriculture is predominant. Water
stress is the major abiotic stress causing yield reduction where yield loss in barley could be as much as
50% [2]. Turkey is one of the largest barley producer
with about 3,7 % of the world production [3].
Future forecasts suggest that Mediterranean region will prone to climate change as it is a transition
zone between temperate rainy climate of central Europe and arid climate of North Africa [4]. Therefore,
rainfall in the Mediterranean environment is irregular [5] resulting in unpredictable environmental conditions for crop growth and significant genotype by
environment interactions (GE). GE, described as the
variation in relative performance of genotypes in different environments which is essential in plant
breeding since it complicates testing and selection of
superior genotypes thus decreasing genetic advance
[6].
Acreages of barley cultivation is very limited in
Cukurova Region. Wheat is more cultivated than
barley which starts to be harvested in the beginning
of June. Generally, second crop sowings (maize,
soybean etc.) start in the middle of June after wheat.
This brings some disadvantage for second crops like
low grain yield, heat stress, problems related to autumn precipitation, disease and insect problems. If
barley is preferred prior to second crop, harvest of it
starts in beginning of May, approximately 1 month
earlier than wheat. This may result with less injury
of disease and insect compare to wheat and improvements of grain yield of second crop.
The objective of this study is to investigate
adaptability and performance of the selected national
barley cultivars and foreign barley genotypes provided by ICARDA, under varying Mediterranean
climate conditions of three consecutive growing seasons by using agronomic, quality and scald tolerance
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Barley, agronomic, quality, correlations, principal component
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characteristics. Using such resources in varying environmental conditions should be a better strategy
for improving stable barley cultivars in unpredictable and drought prone Mediterranean environments.
The results of this study are expected to be useful for
barley breeders as well as farmers and local communities who seek profitable revenue.
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plots, 2) maturity date (MTR) was days from heading date to yellowing of leaves and stems, 3) plant
height (PHT) was average length of 10 plants at each
plot from root crown to spikelet excluding awns
[30], 4) lodging rate (LRT) was lodging resistance
was assessed at the full maturity stage in a per cent
scale where 100% lodging was the highest lodging
rate, 5) lodging angle (LAN) was the angle between
stems and ground in severe (5) to upright (0), 6)
grain yield (YLD) was the amount of grain in 7 m2
plots converted to kg ha-1, 7) thousand kernel weight
(TKW) was calculated by weighting one hundred
kernels randomly selected from each plot four times
[30], 8) hectoliter weight (HWT) was volume of
weighed grains by using Loyka hectoliter measurement device for each plot, 9) barley leaf spot (Rhynchosporium secalis) disease AYL (SCALD) was tolerance scoring performed by using 2 digit scale in
which first digit represent location of disease on
plant while second digit represents the area covered
by the disease [7]. Fat (FAT), fiber (FBR), protein
(PRT) and starch (STR) contents of the grains were
measured by the following the procedure: The samples were scanned by using NIR system model FOSS
;'65DSLG&RQWHQWAnalyzer to obtain NIR spectra between 400-2500 nm. The spectral resolution
was 2 nm. The ISI scan and Win ISI III 161 programs
were used to collect the data for spectra. The calibration information of NIRS used to obtain the quality
data of the barley samples is performed by the manufacturer procedure.

MATERIALS AND METHODS
Plant Material. During 2012, 2013 and 2014,
a total of 20 barley lines and 5 standard check cultivars (Table 1.), involving two and six rowed barleys,
were planted on experimental fields of Eastern Mediterranean Agricultural Institution in Adana in Turkey. Previous crops were peanut, chickpea and
maize in 2012, 2013 and 2014, respectively. Climate
conditions were also depicted in Fig.1., Fig.2 and
Fig. 3. The experiment was conducted in randomized
complete block design with two replications in 2012
and four replications in 2013 and 2014. Years were
analyzed as environments and named as E12 (2012),
E13 (2013) and E14 (2014) for corresponding years.
Phosphorus fertilizer (P2O5) was applied to the soil
before planting as 60 kg ha-1, and nitrogen (pure) was
applied in 2 parts, the first part was given to the soil
before planting and the other part was applied at tillering period. Total nitrogen amount was 120 kg
ha-1.
Trait measurements. 1) Heading date (HDD)
was days from 75% emergence to 75% heading on

TABLE 1
Plant Materials and information of pedigree
Entry
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25

Pedigree
Avt/Attiki//M-Att-73-337-1/3/Aths/Lignee686/4/M-Att-73-337-1/3/Mari/Aths*2//Avt/Attiki
Mzq/Gva//PI002917/3/WI2291/WI2269/4/WI3213
Clipper//WI2291*2/WI2269
Arizona5908/Aths//Avt/Attiki/3/S.T.Barley/4/Aths/Lignee686/5/Arbayan/Aths
Weeah11//WI2291/Bgs/3/ER/Apm//AC253
Carina/Moroc9-75
Moroc9-75//WI2291/WI2269
INRA55-86-2/Rabat1703/3/Hml-02/ArabiAbiad//ER/Apm
Mr25-84/Attiki//Alanda-01/4/Arar/PI386540//Giza121/Pue/3/Lignee527/Chn-01
Alanda/Hamra/4/Avt/Attiki//M-Att-73-337-1/3/Aths/Lignee686
Alanda/5/Aths/4/Pro/TolI//Cer*2/TolI/3/5106/6/Baca'S'/3/AC253//CI08887/CI05761
Avt/Attiki//M-Att-73-337-1/3/Aths/Lignee686/5/AwBlack/Aths//Arar/3/9Cr279-07/Roho/4/DD-14/Rhn-03
Avt/Attiki//M-Att-73-337-1/3/Aths/Lignee686/5/AwBlack/Aths//Arar/3/9Cr279-07/Roho/4/DD-14/Rhn-03
Arizona5908/Aths//Avt/Attiki/3/S.T.Barley/4/Aths/Lignee686/5/Aths/Lignee686/3/DeirAlla106/Lignee527//Asl
Tipper//WI2291/WI2269/4/WI2198//ER/Apm/3/ER/Apm//AC253
Moroc9-75//WI2291/CI01387/3/ER/Apm//Akrash
Avt/Attiki//M-Att-73-337-1/3/Aths/Lignee686/5/AwBlack/Aths//Arar/3/9Cr279-07/Roho/4/DD-14/Rhn-03
Nawair 1(Harmal-02/ArabiAbiad*2/4/Soufara-02/3/RM1508/Por//WI2269)
Nawair 1(Harmal-02/ArabiAbiad*2/4/Soufara-02/3/RM1508/Por//WI2269)
Nawair 1(Harmal-02/ArabiAbiad*2/4/Soufara-02/3/RM1508/Por//WI2269)
Rihane-03 (standard)
Harmal(standard)
Beecher (standard)
Moroc9-75 (standard)
Hilal (standard)

Climatic conditions were given in Fig. 1, 2 and 3.
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FIGURE 1
Precipitation for 2012, 2013, 2014 years.
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FIGURE 2
Temperature for 2012, 2013, 2014 years.
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FIGURE 3
Relative humidity for 2012, 2013, 2014 years.

2014. The least relative humidity was observed in
January in 2014. Other months were near long year
averages.

Precipitation was lower in 2014 compared to
2012 and 2013 years. In 2012, more rain was received in December compared to long year average
and other two years of trial. In 2013, November, December and January received more rain, while March
and April months were less rainy compared to long
years. The driest year of trial period was 2014.
2012 year was lower temperature compared
long year averages and other two years of the trial.
Relative humidity was lower than long year averages for November and December in 2012 and

Statistical analysis. Data were analyzed using
PROC MIXED in SAS 9.0 (SAS Institute Inc. 2011,
Cary, NC). Locations (years) and genotypes were
considered as fixed and blocks nested within the environments were random allowing for the detection
of significant differences between means. Homogeneous error between the experimental sites allowed
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(r=0.163). However, there was a negative correlation
between YLD and MTR (r=-0.312). A significant
positive correlation existed between PHT and LAN
(r=0.724) while the negative correlation was the
highest between PHT and STR (r=-0.654). There
was relatively high significant positive correlation
between TKW and HWT (r=0.479), which are yield
component traits. Scald damage was not correlated
with yield, however, was significantly and positively
correlated PHT, LRT, LAN and FBR while negatively correlated with HDD, MTR, HWT, and PRT.
Although the magnitudes were small, there were significant correlations among quality traits in combined environment. FBR is negatively correlated
with PRT (r= -0.420) and STR (R= -0.589) whereas
FAT negatively correlated PRT (r= 0.268) and STR
(r=0.194). Small correlation values were probably
due to large environmental variation among environments.
The first two principal components explained
58% of the total variation. The PC1 explained 37%
of the variation and positively correlated with PHT,
LRT and LAN while it was negatively correlated
with MTR and STR. The PC2 explained 21% of the
variation and positively correlated with HDD, TKW,
HWT and PRT while it was negatively correlated
with AYL (SCALD) and STR. The PCA biplot
clearly discriminated the three environments where
YLD, TKW and HDD formed a cluster on E12, AYL
(SCALD) was on E13, and MTR, FAT, STR and
PRT formed a cluster on E14 (Fig. 4).
The other variables such as FBR, LRT, LAN
and PHT formed a cluster between E12 and E13
while HWT was between E12 and E14. Except for
STR, most of the traits with high G x E interaction
values were higher in E12 and E13 (Fig. 4). There
was also significant variation among quality parameters such as STR, FBR and FAT with respect to environments.

for data to be analyzed in a combined analysis. Broad
sense heritability was estimated from the variance
components using TYPE3 sum of squares with all
effects including genotype treated as random, using
the formula:
+ ı2G>ı2Gı2GEUı2e/re]
:KHUH+ı2G, ı2GE, ı2e represent broad sense heritability, genotypic variance, genotype by environmental variance and error variance, respectively, and e
and r are the numbers of environments (n = 3) and
replications (n = 4), respectively [8], [9]. 3HDUVRQ¶V
correlation using PROC CORR and principal component analysis (PCA) using the PRINCOM procedure in SAS were used to determine associations
among the measured phenotypic traits. The contributions of each variable to the first two principal components with the highest loadings are depicted using
biplots.

RESULTS
Weather data showed that there is dramatically
less rain in E14 compared to other two years. In E12,
it rained well during December, January and February. In E13, however, it rained well in November and
December whereas in E14, it was below 50 mm of
rain and was highly dry. Significant correlations existed between most of the variables (Table 2).
The magnitude of correlation coefficients was
generally small but significant. The highest significant positive correlation was found between LRT
and LAN (r=0.801) while the lowest one was between PHT and HWT (r=0.139). The negative correlation was the highest between MTR and AYL
(SCALD) (r=-0.679) while it was the lowest between HWT and FAT (r=-0.168). The grain yield
(YLD) was mostly correlated with PHT (r=0.457)
while poorly but significantly correlated with FBR

TABLE 2
Correlation among variables in combined 3 years

YLD
HDD
MTR
PHT
LRT
LAN
TKW
HWT
AYL
(SCALD)
FAT
FBR
PRT
STR

AYL
(Scald)
0.04
-0.40
-0.68
0.21
0.32
0.26
-0.10
-0.46

FAT

FBR

PRT

STR

-0.26
-0.30
0.33
-0.26
-0.23
-0.28
-0.17
-0.25

0.16
0.15
-0.45
0.48
0.26
0.39
0.07
-0.24

-0.19
0.05
0.45
-0.30
-0.28
-0.30
0.03
0.24

-0.34
-0.68
0.35
-0.65
-0.28
-0.51
-0.35
-0.31

**

1

-0.11

0.35

-0.46

0.07

**
**
**
**

ns
**
**
0.29

1
ns
**
**

0.02
1
**
**

0.27
-0.42
1
ns

0.19
-0.59
-0.02
1

YLD

HDD

MTR

PHT

LRT

LAN

TKW

HWT

1
**
**
**
**
**
**
**

0.42
1
**
**
**
**
**
**

-0.32
-0.26
1
**
**
**
ns
**

0.46
0.60
-0.61
1
**
**
**
*

0.24
0.27
-0.58
0.58
1
**
ns
ns

0.39
0.47
-0.66
0.72
0.80
1
**
ns

0.35
0.39
-0.09
0.37
0.09
0.27
1
**

0.26
0.54
0.17
0.14
-0.09
0.04
0.48
1

ns

**

**

**

**

**

ns

**
**
**
**

**
*
ns
**

**
**
**
**

**
**
**
**

**
**
**
**

**
**
**
**

**
ns
ns
**

Upper right are correlation coefficients and lower left are significance values between variables.
*, and ** denote significant correlation at p<0.05 and 0.01, respectively. ns: not significant.

6535

Volume 27 ± No. 10/2018 pages 6532-6546

© by PSP

Fresenius Environmental Bulletin

FIGURE 4
PCA biplot of agronomic and quality traits measured over three environments.
TABLE 3
Analysis of variance results

YLD (kg ha-1)
PHT (cm)
HDD (d)
MTR (d)
TKW (g)
HWT (kg hl-1)
LRT (%)
LAN (0-5)
AYL (%)
FAT (%)
FBR (%)
PRT (%)
STR (%)

Rep
801819
55.55
9.033
22.91
24.04
1.835
584
0.01
4.131
0.097
0.957
4.8
4.165

E
33630862**
19189**
10214**
10488**
1660**
1171**
42731*
117**
152020**
2.641**
39.15**
59.98**
1480**

Error1
523769
224
9.13
26.66
17.37
9.938
2497
0.434
2.96
0.06
0.284
5.735
14.69

G
1548822**
278**
83.29**
84.25**
217**
61.54**
1710**
1.533**
800**
0.579**
2.864**
3.338**
19.56**

GxE
1415298**
59.73
35.31**
40.31**
57.68**
10.235
623**
0.697**
628.153**
0.111**
1.101*
0.745
9.463*

Error2
497894
54.19
3.222
4.479
26.023
8.214
419
0.38
66.741
0.052
0.686
0.893
6.415

H2
0.089
0.785
0.576
0.522
0.734
0.834
0.635
0.546
0.215
0.809
0.616
0.777
0.516

Mean comparison for heading days of genotypes in combined environments given Fig. 5.
In general, HDD period was longest in E12
while shortest in E13 (Fig 3). The longest HDD period belonged to G21 (131 d) while shortest to G12
(92.3 d).
Mean comparison for maturity days of genotypes in combined environments were given in Fig.
6.
In terms of MTR, E14 was longer than both
E12 and E13 which these two were similar in MTR.
The longest period of MTR was observed on G11
and G12 (64.75 d) in E14 while G19 (30 d) was the
shortest MTR in E13.
Averages of 3 year barley genotypes of plant
height given Fig. 7.

All traits were significantly affected by genotypes or environment. There were also significant G
x E interactions regarding all 13 traits studied except
PHT, HWT and PRT. Using genotypic and environmental variances, broad sense heritability values
were also calculated and moderately high heritability
values were observed for most of the traits (Table 3).
Although YLD contained the lowest heritability value, as expected, yield component traits such as
TKW and HWT was moderately high in terms of
heritability values. Regarding quality traits FAT and
PRT was including the highest heritability values.
The insignificant G x E interaction values showed
that PHT, HWT and PRT were not influenced by the
environments, however, significant variations were
observed on main effects of genotypes.
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FIGURE 5
Mean comparison for heading days of genotypes in combined environments.
7XNH\¶V+6'RI+''IRU+6'GxE= 4.934 d
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FIGURE 6
Mean comparison for maturity days of genotypes in combined environments.
7XNH\¶V+6'RI075IRU+6'GxE= 5.818 d
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FIGURE 7
Mean comparison for plant height of barley genotypes in combined environments.
7XNH\¶V+6'RIPLH for HSDGxE= 4.25 cm

within standard cultivars and lines as well as between standard cultivars and lines. The highest PHT
(130.5 cm) was obtained from G23 in 2012, which is
a standard cultivar, while the lowest was observed
on G1 (70.7 cm) in 2014.

The three environments were significantly differed in terms of PHT values and the E12 was higher
in PHT (119.06) than E13 (96.71) and E14 (82.60)
'XQFDQ¶V critical range <2.5, p<0.05). Regarding
the genotypes, there seemed significant variations

6537

Volume 27 ± No. 10/2018 pages 6532-6546

© by PSP

Fresenius Environmental Bulletin

Lodging rate values of G5, G8, G11 and G15 were
similar since differences were insignificant in three
environments (Tukey HSD GxE= 56.26, p>0.05).
The GxE interaction also showed that G2, G7, G12,
G16, G17, G19 G20 and G23 had significantly
higher LRT values in E12 than in E14. Additionally,
G3, G7 and G17 had significantly higher LRT values
in E13 than in E12.
Plant lodging angles of barley genotypes are
given in Fig. 10.
Similar to LRT, the LAN values were also the
lowest in E14 but distinctively the highest in E12.
Only G5 was similarly low in LAN values in three
environments while others were significantly different in LAN values at least in two environments.
Yield of barley genotypes are given in Fig. 11.

In E13, barley genotypes¶ Scald is given in Fig.
8.
Outbreak of Scald was mainly detected in E13
and few Scald scores were obtained in E12 and it was
not detected at all in E14. Therefore, only E13 data
were used in the variance analysis. In general, none
of the genotypes were found to be resistant (i.e.
higher disease score than 75) but some genotypes
such as G2, G5, G11, G14, G24, and G25 were
scored equal to or less than 75 in E13.
Lodging rate of barley genotypes for 3 years are
given Fig. 9.
As expected, LRT values were lowest in E14.
The highest LRT values were obtained from G16 and
G23 in E12. In E14, the genotypes G3, G5, G7, G8,
G11, G12, G15, G16 and G25 were not lodged at all.
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FIGURE 8
Mean comparison for Scald of barley genotypes in E13.
7XNH\¶V+6'RIScald for E13= 4.088
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FIGURE 9
Mean comparison for lodging rate of barley genotypes in combined environments.
7XNH\¶V+6'RI/57IRU+6'GxE= 56.26 %
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FIGURE 10
Mean comparison for lodging angle of barley genotypes in combined environments.
7XNH\¶V+6'RI/$1IRU+6'GxE= 1.694
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FIGURE 11
Mean comparison for yield of barley genotypes in combined environments.
7XNH\¶V+6'RI</'IRU+6'GxE= 1.940 kg ha-1
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FIGURE 12
Mean comparison for TKW of barley genotypes in combined environments.
7XNH\¶V+6'RI7.:IRU+6'GxE= 14.02 g

were obtained in E12 and E14, respectively. The
highest YLD was obtained from G16 (7861 kg/ha)
in E12 while the lowest was from G25 (3557 kg/ha)
in E14. Interestingly, G10 was significantly higher

Most of the lines including G1-7, G8-9, G1113, G15, and G19 were stable in YLD. However, except for G21, all cultivars were sensitive to different
environments. The highest and the least yield values
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PR of barley genotypes are given in Fig. 14.
Protein values were significantly higher in E14
(15.87) than in E12 (15.11) and in E13 (14.31) (DunFDQ¶VFULWLFDOUDQJHS 7KH357YDOXHV
also varied among genotypes and the highest was
19.41 from G12 in 2012 and the lowest was 13.21
from G21 (standard cultivar) in 2013.
STR values of barley genotypes are given in
Fig. 15.
In general, STR values were found to be the
lower in E12 compared to E13 and E14 which appeared to be similar (Fig. 15). The highest STR value
was obtained from G5 (64.43 g) in E13 while the
lowest was from G11 (48.68 g) in E12. In three environments G17, G23, G24 and G25 appeared to be
similar while other genotypes significantly differed
at least in two environments.
FBR values for barley genotypes are given in
Fig. 16.

in YLD in E14 (5934 kg/ha), which is the driest environment, than in E12 (3979 kg/ha), which was the
high yielding environment.
TKW values for barley genotypes are given in
Fig. 12.
The higher TKW mean was measured during
E12 while E13 and E14 resulted in similar TKW.
The highest TKW was obtained from G15 (65.75 g)
in E12 and the least was from G7 in E13. However,
G7 (46.25 g) had significantly higher TKW in E14,
the driest environment, than in E13.
Averages of 3-year barley genotypes of hectoliter weight given in Fig. 13.
Significantly higher HWT mean was found in
E12 (68.53) compared to E14 (64.07) and E13
(59  'XQFDQ¶V critical range <1.0, p<0.05). The
HWT values of lines were also comparable to standard cultivars in combined environments. The highest
HWT was obtained from genotype 5 (68.92) in 2012
and the lowest was from genotype 4 (55.2).
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FIGURE 13
Mean comparison for hectoliter weight of barley genotypes in combined environments.
7XNH\¶V+6' 25 gr
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FIGURE 14
Mean comparison for PR of barley genotypes in combined environments.
7XNH\¶V+6' GxE= 4.25%
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FIGURE 15
Mean comparison for % STR values of barley genotypes in combined environments.
7XNH\¶V+6'RI675IRU+6'GxE= 6.963 %
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FIGURE 16
Mean comparison for % FBR values of barley genotypes in combined environments.
7XNH\¶V+6'RI)%5IRUHSDGxE= 2.277%
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FIGURE 17
Mean comparison for % FAT values of barley genotypes in combined environments.
7XNH\¶V+6'RI)$7IRU+6'GxE= 0.629%

The values of FBR were generally lower in E14
and the lowest FBR was obtained from G1 (2.03 g)
while the highest was from G23 (6.53 g) which also

was higher in three environments (Fig.16). Although, the FBR values in E14 were low in general,
all the genotypes were similar in FBR values except
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G1 in E12, G7 in E13, G17 in E13 and G21 in E12,
which was significantly higher than E14.
FAT values of barley genotypes were given in
Fig. 17.
Similar to STR, FAT values were the lowest in
E12 (Fig. 17). Across environments, significant differences were observed in G2, G8, G13, G15, and
G19. G15 was significantly lower in E12 (1.395 g)
compared to E13 (2.100 g) and E14 (2.180 g). On the
contrary, FAT values of G23 was significantly
higher in E14 (2.653 g) than in E12 (1.965) and E13
(2.020 g).

Fresenius Environmental Bulletin

standard cultivars was less than those of 18 genotypes. Similar findings were reported for local landraces which were superior over modern cultivars in
stressed environments [17]. While other most modern cultivars were superior to landraces in nonstressed environments [18]. Interestingly, G10 and
G13 had the highest YLD on lowest yielding environment in E14. On the other hand, G25 appeared to
be sensitive to water stress since it was the lowest
yielding genotype in E14, it was relatively high
yielding in other two environments. In terms of stable yield, G11 had similar YLD in three environments.
In addition to genetic variability, correlation
analysis between quantitative traits of any crop is of
major significance for successful selection, since selecting for a certain trait may negatively influence
the expression of other traits. We found significant
phenotypic correlation among quality traits. Yield
and its component traits are mostly positively intercorrelated. However, YLD was negatively correlated
with most quality traits except PRT and a negative
correlation between YLD and PRT was reported earlier [19]. A negative significant correlation between
grain yield and maturity was expected since long maturity periods increase the plant growth and might
reduce the productivity [20]. However, a positive
correlation between PHT and HDD indicates that enhanced plant growth requires more time for heading.
A positive correlation was also expected between
PHT and LAN, and LRT since as the plant gets taller
it may not hold the spike and lodging will be inevitable. The positive correlation of PHT with YLD,
TKW and HWT suggests that plant stature increases
the productivity [21, 22]. A positive correlation
among YLD, LRT and LAN may be because of large
spike size rather than plant height. Contrary to earlier
findings [22, 23], a negative correlation between
MTR and HDD may be attributed to strong genotype
by environmental interaction or as the weather gets
hot plants, which are headed earlier, tend to go maturity faster. Lodging appeared to be higher in rainy
and legume preceded environments. A significant
positive correlation between lodging variables and
YLD indicates that lodging did not reduce the yield
[24]. In general, higher grain size in barley is expected to result in higher starch content [25]. In the
present study, however, TKW and HWT are negatively correlated with STR probably because large
numbers of six-rowed barley genotypes, which are
assumed to have high protein content. Scald disease
damage was higher as the plant height and lodging
values increased. This indicates that taller plants are
vulnerable to the disease.
Principal component analysis well characterized the environments in which genotypes showed
significant variation. It seems that dramatic climate
and soil changes in environments clearly separated
the genotypes and affected their variation differently
in each environment. The two principal components

DISCUSSION
The study was conducted at a typical Eastern
Mediterranean climate. The major limitation to have
higher yield in Mediterranean environment is water
availability [10] and therefore, any superior
germplasm under these conditions may carry some
positive drought tolerance traits. Many studies on
drought tolerance of crops indicate that different
mechanisms may be relevant at different productivity levels [11]. Mediterranean region usually receives rain during December and January and is expected to have higher temperature trend which
makes the region vulnerable to global warming [4].
Indeed, there existed dramatic climate change as E12
and E13 had the higher rainfall than E14, therefore,
E14 was considered as a better selection environment for drought tolerance of barley genotypes used
in this study. Selection environment is vital for
breeders who even develop new strategies such as
distributing early segregating populations to other
breeders or farmers [12]. This strategy seemed to be
useful when the number of different target environments are large to select suitable genes in each specific target environment [13].
Almost all traits were significantly different in
E14 due to dramatic reduction of rain. However, water is not the only factor affecting yield and there are
several other environmental influences since optimum response to water limited yield potential was
found to be 20 kg ha-1 [14]. In our study, preceding
crop before barley was maize in E14 which was dramatically reduced yield. Relatively high yield and
yield component traits were observed when preceding crops in E12 and E13 were peanut and chickpea,
respectively, which are known to boost growth and
development of cereals by fixing nitrogen to soil
[15]. When preceding crops were a cereal before barley, yield and component traits were reduced compared to legume rotation [16]. Therefore, E14 was
the poor and driest environment compared to other
two, and appeared to be the best selection environment for drought stress. Average of standard cultivars out yielded those of foreign genotypes by %6 in
E12 and E13 while foreign genotypes out yielded
standard cultivars by %11 in E14. Average yield of
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ranged from 0.00- 0.83% with an average of 46%
[18]. Therefore, indirect selection criteria should be
the best strategy for breeding programs.
The longest HDD values were obtained in E12
which received rainfall from November to March indicating that long term rain extended the heading
time. Although less HDD variation was observed in
E12 and E14, variation among genotypes was larger
in E14. Conversely, E14 had the largest MTR values
and variation among genotypes. Large variation
among environments resulted in higher residual effect and lower heritability value for HDD and MTR.
Therefore, selecting the genotypes, in the present
study, for these two traits in poor environments may
be useful.
The genotypes used in this study showed great
variation in terms of TKW in each environment and
were affected by environment greatly. Significant
GXE interaction was found on barley cultivars in
line G7 in E14 as high TKW value as in E12 and
significantly higher TKW than in E13 was observed.
Although there was no significant difference, G8 out
performed in E14 compared to E12 and E13. Thousand kernel weight is a significant component of
yield and could be used as an indirect selection criterion due to its higher heritability value than that of
yield. Interestingly, except G1, all cultivars were
higher in TKW values in E14 than in E1 and E13
suggesting that these cultivars can be used to improve TKW in breeding programs for drought tolerance.
As expected, LRT and LAN values were significantly positively correlated and great variation
existed among genotypes. As expected, both traits
generally were higher in values in rainy environments i.e. E12 and E13. Large difference in environments probably resulted with larger standard error
and also variation among genotypes in LRT seems
lower than in LAN. It also caused moderate level of
heritability values. Considering three environments,
G6, G9, G13 and G18 seemed more sensitive to
lodging while G5, G11 and G15 appeared more tolerant.
Scald disease only observed in E13 probably
due to rainy conditions in this year between November and January followed by hot and dry period
which may fit well for disease emergence. Even
though data were obtained in E13, no completely resistant source was observed; there was great variation among genotypes in terms of scald tolerance.
Due to lower disease scores (=<75), G2, G5, G11,
and G14 seemed to be more tolerant than other lines
while G24 and G25 was more tolerant than other cultivars.
Variation on PRT was independent of environments. PRT was big for most of the lines, except line
G21 had significantly lower PRT than the cultivars
G22, G24 and G25. Barley cultivars generally shows
no genotype by year interaction in terms of PRT and
other quality traits such as FAT, FBR and STR in

accounting about 60% of the total variation to separate the barley genotypes with respect to environments. The first principal component differentiated
the barley genotypes with respect to PHT, LRT and
LAN. Excessive plant height is not desired since
plant height positively correlated with LRT and
LAN and is widely used as an indirect selection criterion where E12 seemed to be a better environment
for such selections. The first principal component
was negatively correlated with MTR and STR in
suitable environment of E14. Maturity period is significant since barley is grown during winter months
[26]. Starch content negatively correlates with protein content [25]. The second principal component
differentiated barley cultivars on HDD, TKW HWT,
PRT, AYL (SCALD) and STR. The E14 is suitable
selection environment for HDD and TKW whereas
E13 is suitable for AYL (SCALD), which was
mainly observed and scored in E13. Although no
genotype was found to be resistant against AYL
(SCALD), the genotypes which was longer MTR,
higher HWT and PRT seemed to have reduced disease intensity. Therefore, E13 was the best selection
environment for AYL (SCALD) resistance of barley.
The variance analysis showed that there were
large differences among genotypes and a strong genotype x environment interaction existed for most of
the traits. Our results showed that the lines used in
the present study can compete with standard cultivars in terms of these three traits suggesting a possible use for breeding. Variation on PHT and HWT
was independent of environments, and the shortest
lines were G8 and G20 which were significantly
shorter than the tallest cultivars G21, G23, and G25.
[23], also found no genotype x environment interaction for PHT. It is interesting that G18, G19 and G20
are sister lines, however, G18 and G19 was similar
in plant height with G21, G23 and G25 while G20
was not. It may be possible that G20 contains some
dwarfing genes. Similarly, there were lines which
was as high in HWT values as standard cultivars.
The lines G2, G5, G8, G15 and G16 was significantly higher in HWT than cultivar G23. The lines
and cultivars, which was extreme in values, may be
used for mapping population related to PHT and
HWT traits.
Significant G x E caused some genotypes responded to differently in different environments.
Significant GxE findings reported for barley genotypes grown in drought stressed and non-stressed
conditions [27], [28]. In terms of YLD, G10 had the
highest YLD in the poorest E14 compared to E12
and E14 indicating that this line is promising for
drought tolerance as well as planting after maize. It
was also appeared that G25 is the most sensitive cultivar to drought and out yielded majority of the genotypes. [29], also identified G25 as high yielding cultivar for Mediterranean climate. Yield was the lowest heritability value (about %10). In varying 28
Mediterranean environments heritability values
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Mediterranean environment [29]. Contrary to the results of [29], in our study, quality traits such as FAT,
FBR and STR were also strongly affected by genotype by environment interaction. FAT and STR
showed similar pattern in that they had generally
higher values in E14. Variation for FAT seemed
larger than that for STR. There is significant positive
correlation between two, and heritability of FAT was
higher than STR suggesting that FAT is useful for
selecting for yield. G15 and G19 seemed to have
lower fat in rainy environments and can be promising in selecting for yield as well. Conversely, FBR
had lower values in E14 than in E12 and E13, however, large variation existed among and within environments.
Lodging rate values of G5, G8, G11 and G15
were similar and they seemed to tolerate lodging
since difference was insignificant in the three environments (Tukey HSD GxE= 56.26, p>0.05).
G18 was found to have decreasing STR in E12
(51.13 g) while it tended to increase in E13 (63.21
g).
G5 had similar FBR values and was found to
have the higher FBR (3.32 g) value in the dry environment of E14 than in E12 (3.23 g) and E13 (2.28
g).
In the present study, some barley lines appeared
to carry useful alleles for stable yield and quality
traits. The results of this study will be helpful for barley breeders and farmers to improve and make use of
barley cultivars adaptable for Mediterranean environments.
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SIMULATION AND PREDICTION OF LAND SUBSIDENCE
CAUSED BY THE COMBINED EFFECTS OF
GROUNDWATER EXPLOITATION AND
HIGH-RISE BUILDING LOADS
Chenghua Xu1,2, Zujiang Luo1,*, Zhao Li1
2
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The 1st Geological Brigade of Jiangsu Geology and Mineral Exploration Bureau, Nanjing 210041, China

not be ignored in the process of developing accurate
forecasts of land subsidence in Cangzhou.
International and domestic academic researchers have focused on land subsidence related to
changes in groundwater seepage fields caused by
groundwater exploitation [4-8]. In land subsidence
studies at regional and large area scales, few scholars
have considered the combined effects of groundwater exploitation and high-rise building loads. In studies of land subsidence over small areas, scholars
have proposed land subsidence models that combine
the effects of groundwater exploitation and high-rise
building loads, and they considered groundwater exploitation and high-rise building loads to represent
independent events in their studies of land subsidence caused by changes in building load stress fields
and seepage fields [9]. Such models ignore the coupled effects of land subsidence caused by high-rise
building loads and land subsidence caused by
groundwater exploitation. Based on comprehensive
considerations of the coupling effects on land subsidence caused by groundwater exploitation and
high-rise building loads, scholars have employed Biot's consolidation theory and the finite element
PHWKRG>@%HFDXVHRIWKHSUREOHP¶VFRPSOH[LW\,
these researchers did not consider the rheological
properties of aquifers or impermeable layers. In addition, soil mechanical and hydraulic parameters
have been regarded as constants when considering
variations in the rheological parameters when accompanied by soil deformation. Such simplifications
are not consistent with the conditions observed in actual situations. Thus, additional studies and improvements are needed.
This paper comprehensively considers the rheological properties of aquifers and impermeable layers and changes in the soil mechanical and hydraulic
parameters to simulate and predict regional land subsidence caused by the combined effects of groundwater exploitation and high-rise building loads. In
addition, the effects on land subsidence caused by
the combination of groundwater exploitation and
high-rise building loads are discussed herein.

ABSTRACT
To address land subsidence problems caused by
the combined effects of groundwater exploitation
and high-rise building loads in Cangzhou, %LRW¶V
consolidation theory was combined with the nonlinear rheological theory of soils, and the constitutive
relation LQ%LRW¶VFRQVROLGDWLRQWKHRU\ZDVH[Wended
to viscoelastic plasticity. The dynamic relationships
among porosity, hydraulic conductivity, soil deformation parameters and effective stress were considered, and a finite element numerical model was established to simulate and predict land subsidence
caused by high-rise building loads and groundwater
exploitation. The effects of the coupled processes on
land subsidence were also examined. The results
showed that the greatest land subsidence (466.82
mm) occurred in Suning County. Land subsidence
generally decreased from west to east and was consistent with the degree of groundwater exploitation.
Subsidence funnels were generally distributed in
county and city centers. The coupling effect was dependent on the groundwater exploitation of shallow
aquifers and increased as the exploitation of these
aquifers increased.

KEYWORDS:
Groundwater exploitation, high-rise building load, parameter changes, land subsidence, coupling effect

INTRODUCTION
Cangzhou is a city on the North China Plain
that has always experienced severe land subsidence
[1-3]. In recent years, subsidence has continuously
increased along with the rapid development of urban
construction, including that of high-rise and super
high-rise buildings. Land subsidence in Cangzhou is
no longer impacted by groundwater exploitation
alone and has been increasing primarily because of
the gradual and combined effects of groundwater exploitation and building loads, especially high-rise
building loads. Thus, high-rise building loads should
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(2) Viscoelastic strain increments. According
to the rheological model of Kelvin, E1H  KeH V ,
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the visco-elastic strain increment of the invariant
stress under the complex stress condition can be expressed as follows:
> A@^dV '`
d H ij ve
1  eKe dt ,
(5)
E1
where Ke E1 / Ke ; E1 is the visco elastic modulus of a Kelvin body and is a function of k1 and n1 ,

(1)

K e is the viscosity coefficient; > A@ is the stress ma-

trix;
1

Q 4Q  1
1  2Q

(2)

Q

w § wu · w §
wu
·º
 J w ) ¸» 0
¨ ky
¸
¨ kz (
wy ©
wy ¹ wz ©
wz
¹¼
where G is the shear modulus; Q is the Pois-

> A@

1  2Q

1  Q 1  2Q
E 1  3Q

son ratio; wx , wy and wz are the displacement components in the x, y and z directions, respectively; u is
the pore water pressure; k x , k y and k z are the hy-

Constitutive models of soils. The constitutive
relationship concerns the mechanical properties of
soils, and is the mathematical expression of the relations among the stress, the strain, the strength and the
time. For soils, with the rheological properties, the
deformation features are mainly reflected in the deformation and time relation at a stress level, as in a
kind of visco-elastic-plastic medium. The total strain
increment for this type of soil d H ij , is composed of

dH vp

,the visco-elastic strain increment d H ij ve and the
visco-plastic strain increment d H ij vp . At an arbitrary
point in the soils at any moment, the strain increment
can therefore be expressed as follows [12]:
(3)
d H ij =d H ij ep +d H ij ve +d H ij vp .
Each part is related with the stresses in the following manner:
(1) Elastic-plastic strain increments. According
to the elastic-plastic constitutive model of soil, it is
known that
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wV
Where Qs is the plastic potential function, and
F

F is the failure criterion function.
For
Mohr-Coulomb
materials,
§ cosT sin T sin M ·

F V m sin I  V ¨
¸  c cos M ,where
3
© 3
¹
M is the friction angle, c is the soil cohesion,
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three parts: the elastic-plastic strain increment d H ij ep

ª¬ d H x

Q

1  2Q

ˈ
E is the elastic modulus; and Q is the Poisson ratio.
(3) Viscous-plasticity strain increments. The
visco-plastic method is used to determine the strain
increments of viscous plasticity. The stresses in the
materials can exceed what is specified by the failure
criterion within a limited period (with the function of
the failure criterion greater than zero). When the
strain is viscous-plastic but not plastic, its increment
rate is related to the exceeded amount over what is
specified by the failure criterion, which can be expressed as follows:

draulic conductivities in the x, y and z directions, respectively; J is the specific weight of the soil; and
J w is the specific weight of water.
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If the visco-plastic strain rate is multiplied with
a pseudo time step, the visco-plastic strain increment

1

tic-plastic flexibility matrix, >C @ ª¬ D p º¼ , ª¬ D p º¼ is
the elastic-plastic stress-strain matrix, dV ' is the effective
stress
increment,
and
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The viscous-plasticity strain increment of soils
is therefore established:
§ wQ wV m wQs wJ 2 wQs wJ 3 · '
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After substituting Eqs. (4), (5) and (8) into Eq.
(3), the strain increment of EP-VE-VP medium is as
follows:
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Ke dt

hydraulic conductivity, H v is the volumetric strain,
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(2) Nonlinearity of the soil parameters. Using
the Duncan-nonlinear model to extend the constitutive relations of soil to nonlinear ones, where the
elastic constants E and Q in the matrix[D] in the
constitutive relations ^'V ` > D @^'H ` are no longer

and HV

(9)
This equation is the viscous-elastic-plastic constitutive equation for soils.
Finite elemenWHTXDWLRQIRU%LRW¶VFRQVROLGD
tion. The Galerkin weighted residual method is used
to discretize the equations. Considering the nonlinear characteristics of soils, the increment 't is used
to replace the displacement, and Eqs. (1) and (2) are
discretized into an incremental form [13]:
ª K
K ' º ª 'G º ª R  Rt º
(10)
« K 'T 'tK  B » «¬ 'u »¼ ¬« 't 'Q ¼» ,
¬
¼
where 'G is the displacement increment at the
node, 't is the time increment, 'u is the pore pres-

regarded as constant but vary with the stress state.
The tangent modulus of elasticity Et and tangent
3RLVVRQ¶VUDWLRQ t are expressed as follows [17]:
2
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n

1  sin M V 1  V 3 º
ª
§ V3 ·
«1  R f
» D pa ¨ ¸ , and
2c cosM  2V 3 sin M ¼
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¬

(13)

sure increment at the node, K is the solid stiffness
matrix, K is the seepage discharge matrix, K ' is
the strain-seepage coupling matrix, 'Q is the flow
increment matrix, B is the free surface integral matrix, R is the equivalent joint load, and Rt is the load
balanced by the displacement at time t.
Because the seepage flow depends on the distribution of total pore pressure rather than the distribution of pore water pressure increments, so the pore
pressure must be expressed by the total pressure. We
denote the total pore pressure at time tn and tn 1 as
ui n and ui n 1 in the element node i, respectively,
and 'ui

º
» .(11)
¼

Dynamic model of parameters. (1) Nonlinearity of the porosity and hydraulic conductivity. Actually, the fluid-solid coupling is related with various
porosity effects on permeability of soil, and the pore
pressure dissipation leads to deformation of the soil
skeleton, as manifested as the soil consolidation deformation in a macroscopic view [14]. Based on the
DVVXPHGFRQGLWLRQVRI%LRW¶VFRQVROLGDWLRQWKHG\
namical expressions for porosity n and hydraulic
conductivity k can be obtained according to the definition of porosity and the Kozeny-Carman equation
[15-16]:
n0  HV

n
°
1  HV
°
(12)
®
3,
K0 ª H v º
°K
«1  »
°
1  H v ¬ n0 ¼
¯
where n0 is the initial porosity, K 0 is the initial

The plastic potential function partial derivative
of stress can be expressed as follows:
wQs wQs wV m wQs wJ 2 wQs wJ 3
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This equation is the three-dimensional finite elHPHQW HTXDWLRQ RI %LRW¶V FRQVROLGDWLRQ ZKLFK FDQ
be solved under appropriate conditions.

The absolute stability time steps for the numerical calculations are related to the assumed failure
criterion.
For Mohr-Coulomb materials,
4 1  P 1  2P
't
.
E 1  2P  sin 2 I

where J 2
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of the next time step can be obtained, which is
vp
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Q t=
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§
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where R f is the failure ratio; c is the viscous

force; M is the internal friction angle; V 1 is the first
principal stress; V 3 is the third principal stress;
log D and E are the intercepts of the plotted curves
of the results of the conventional triaxial

ui ( n 1)  ui ( n ) . Eq. (10) can be expressed in

the following form:
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compression test; p a is the atmospheric pressure; F
and D are experimental soil parameters and equal to
0.04 and 3, respectively; and n is the slope of the results of the conventional triaxial compression test.
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where wx , w y and wz are the known displacements along the three directions on boundary
*4 .

Conditions for a unique solution. Initial conditions. The initial conditions include the initial
ground stress condition, initial displacement condition and initial pore pressure condition.
(1) The initial ground stress condition can be
estimated from the gravity of the soil:
(15)
V z J z , and V x K0 J z ,
where V x is the initial horizontal stress, V z is
the initial vertical stress, z is the depth of the calculation point, K 0 is the static lateral pressure coefficient, K0 1  sin M ' for sand, K0 0.95  sin M '
for cohesive soils, and M ' is the effective angle of
the internal friction.
(2) The initial displacement condition is
(16)
w( x, y, z , t ) t 0 0 .
(3) The initial pore pressure condition is
u0 ( x, y, z ) ,
t 0

u ( x, y , z , t )

(17)

where u0 ( x, y, z ) is the known initial pore pressure in the study area.
Boundary conditions. (1) The pore water conditions on *1 are specified as follows:

u ( x, y , z )

*1

us ,

(18)

where us is the known pressure of the pore water on boundary *1 .
(2) The impulse boundary conditions on *2 are
specified as follows:
wH
(19)
K
qL ,
*
wn 2
where q L is the known discharge per unit area

FIGURE 1
Program structure
All of the calculations were conducted using a
computer program written in FORTRAN, and a finite element numerical simulation software program
was developed based on the visco-elastic-plastic
%LRW¶V FRQVROLGDWLRQ WKHRU\ IRU JURXQGZDWHU ZLWK
drawal and land subsidence [18]. The structure of the
program is shown in Fig. 1.

on boundary *2 .
(3) The free surface boundary conditions on *3
are specified as follows:
wu
(20)
u J w Z ˗ q P
cos T ,
wt
where Z is the elevation of the free surface, P
is the specific yield, T is the angle between the normal vector of the outer boundary and the perpendicular direction, and q is the discharge per unit area on
boundary *3 .
(4) The displacement boundary conditions on
*4 are specified as follows:

wx *

4

wx , wy

*4

wy , wz

*4

wz ,

RESULTS
Analysis of the calculation results. Survey of
the research area. Cangzhou is in the southeastern
part of Hebei Province and located to the east of the
Bohai Sea, to the west of Hengshui and Baoding and
across the seas from the Shandong and Liaodong
peninsulas, and it borders Tianjin and Langfang to
the QRUWK7KHHDVWORQJLWXGHLVƍ-ƍ7KH
QRUWKODWLWXGHLVƍ-ƍ7KHDUHDVSDQV

(21)
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FIGURE 2
Distribution of high-rise building loads in Cangzhou
anisotropy and inhomogeneous soil mechanic formations. The planar dimensions of the model were
197,500 × 179,000m, and the vertical depth was approximately 350 m. The model covered 14,056 km2
and had 35,792 elements and 46,430 nodes. The external area was treated as an impulse boundary. The
top of the model system was a recharge boundary
that received precipitation and agricultural irrigation
infiltration and a drainage boundary for the evaporation of groundwater. The bottom of the model system was an impervious boundary. On the lateral
boundaries of the model, only vertical displacements
were considered, with horizontal displacements ignored. The vertical and the horizontal displacements
ZHUHQRWFRQVLGHUHGRQWKHPRGHO¶VERWWRP*URXQG
water exploitation in the research area was the only
source and sink term, and it was processed using the
big well method. The model mainly considered highrise building loads, which were processed as point
loads rather than total building loads. The mesh generated for the research area is illustrated in Fig. 3.

181km from east to west and 165 km from north to
south. The total area is 13419 square kilometers. The
terrain is slightly tilted from the southwest to northeast, and the natural gradient is approximately
0.29 Å7KHJURXQGHOHYDWLRQLV-15 m. The main
topographic unit in this area is composed of alluvial
sediments, lacustrine sediments and marine accumulations. The thickness of loose Quaternary sediments
is great (approximately 400a600 m). Pore water in
the loose Quaternary sediments is the predominant
ground water type. The aquifer in the research area
can be divided into four groups from top to bottom.
The depth of the bottom surface of the first, second,
third and fourth aquifer groups are 40a60 m,
120a170 m, 250a350 m and 350a550 m, respectively, although in certain regions, the depth of the
bottom surface of the fourth aquifer is approximately
600 m. From the field investigation, the areas with a
dense high-rise building load distribution are located
at the centers of Cangzhou City, Renqiu City,
Huanghua City, Qing County, Hejian City, Botou
City, Suning County and Nanpi County. The distribution of high-rise building loads is shown in Fig. 2.
Because the depths of the pile foundations for the
high-rise buildings in Cangzhou are approximately
50m, the high-rise building loads were applied to the
first layer of the model in the simulation.

Model calibration and validation. The back
analysis of the parameters in the three-dimensional
coupling model of high-rise buildings, groundwater
exploitation and land subsidence was implemented
using test data for a period of two years from December 31, 2008, to December 31, 2010. One month was
considered as a stress period; thus, 24 stress periods
were included in total. Each stress period was associated with one time step. The initial pore water pressures of each aquifer group were obtained from the
conversion of the measured initial water level. The
initial displacements of each aquifer and boundary
were zero. By fitting the calculation results with
measured data from 52 water level observation
wells, the relevant hydraulic and mechanical parameters were calculated for 41 parameter zones. A map

Hydrogeology conceptual model. All areas
with loose Quaternary deposits in Cangzhou were
used as the simulation and calculation regions,
which were bounded by administrative areas. The
discretization was achieved by use of 8-node hexahedron element, with the subdivisions on the plane
of 8948 rectangular grid cells. The first through
fourth aquifer groups were treated as independent
layers for the model calculations. Each aquifer was
generalized as having heterogeneous hydraulic
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of the parameter zones for the third aquifer group is
shown in Fig. 4, and the parameter values for each
zone of the third aquifer group are shown in Table 1.

FIGURE 3
Three-dimensional mesh of the simulation area

The groundwater level fit curves are shown in Fig. 5,
and the fitted land subsidence contours are shown in
Fig. 6.

FIGURE 4
Map of the parameter zones for the third aquifer
group
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FIGURE 5
Fitted groundwater levels (Cangzhou 12) for the third aquifer group

FIGURE 6
Comparison of the simulated results with observational data of land subsidence from 2010
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decrease ineffective porosity and led to a decrease in
hydraulic conductivity. The hydraulic conductivity
changed as the effective porosity changed. When
considering the combined effects of high-rise building loads and groundwater exploitation, the results
indicate that the elastic modulus increased slowly as
the Poisson's ratio decreased during soil consolidation and deformation. The soil consolidation deformation decreased with the above changes in the elastic modulus and Poisson's ratio. The changes in the
parameters lagged the trend in the groundwater level
variations.

Figs. 5 and 6 show the high precision of the fitted groundwater levels and land subsidence values.
$FFRUGLQJWRWKH PRGHO¶VLGHntification results, the
levels of the parameter values for each zone were
consistent with the actual state. The physical quantities used in the identification process were determined based on the actual survey; therefore, the
model has a certain accuracy and reliability for predicting the development of land subsidence caused
by the combined effects of high-rise building loads
and groundwater exploitation.
In addition, the dynamic change relationships
among the effective porosity, hydraulic conductivity, elastic modulus, Poisson's ratio and effective
stress were analyzed during the process of calibration and validation. The model element located in the
groundwater funnel center was chosen to analyze the
change laws of the relevant parameters (effective porosity, hydraulic conductivity, elastic modulus and
Poisson's ratio). The results are shown in Figs. 7-10,
which indicates that the effective porosity decreased
with increasing stress period. The range of changes
in effective porosity was smaller in all stress periods,
which was primarily related to the soil particle properties. The trend in hydraulic conductivity variations
was the same as that for effective porosity. The soil
water yield capacity weakened because of the

Model predictions. The model predictions
were based on the distribution characteristics of
high-rise buildings in Cangzhou in combination with
the "Cangzhou City Master Plan (2008-2020)". The
distribution and amount of groundwater exploitation
remained invariant during the prediction process.
The three-dimensional coupling numerical model of
high-rise building loads and groundwater exploitation, which was calibrated and validated, was used
to simulate and predict the characteristics of the variations in the seepage fields and trends in land subsidence from December 31, 2010 to December 31,
2025. The prediction results are shown in Figs. 11
and 12.

TABLE 1
Stratum parameters
Zone
number
21
22
23
24
25
26
27
28
29
30
31
32
33
34

kx
(m/d)
11
11
8.5
8
8
7
9
5
5
6
3
5
4
8

ky
(m/d)
11
11
8.5
8
8
7
9
5
5
6
3
5
4
8

kz
(m/d)
0.02
0.001
0.0015
0.09
0.0025
0.00045
0.00001
0.015
0.048
0.015
0.001
0.0003
0.0006
0.012

E
(MPa)
23.55
23.54
23.55
22.54
23.53
23.49
23.60
23.51
23.51
23.5
23.14
23.22
23.02
23.3

Ȟ
0.46
0.46
0.45
0.46
0.47
0.47
0.47
0.47
0.47
0.47
0.48
0.48
0.48
0.48

FIGURE 7
Variations in the effective porosity and water level
with time
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C
(kPa)
6
6.2
6
7
7.5
6
6.5
6
6
6.2
6
6
7
6.5

ĳ
(°)
23
20
20
19
20
19
21
18
20
20
17
20
18
20

ȥ
(°)
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Ȗ
(kN/m3)
22
22
20
23
20
22
21
23
21
22
23
22
22
21

n
0.345
0.346
0.345
0.345
0.344
0.341
0.340
0.342
0.340
0.339
0.334
0.329
0.328
0.330

FIGURE 8
Variations in the vertical hydraulic conductivity
and water level with time
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FIGURE 9
Variations in the elastic modulus and water level
with time
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FIGURE 10
Variations in the Poisson ratio and water level
with time

FIGURE 11
Forecast contour map of groundwater levels in the third confined aquifers on December 31, 2025

FIGURE 12
Forecast contour map of land subsidence in Cangzhou on December 31, 2025
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TABLE 2
Yearly exploitation quantities, maximum predicted values of land subsidence and
maximum subsidence rates in the counties and cities of Cangzhou
yearly exploitation
the maximum land
the maximum subsidence
area
quantity/(104 m3)
subsidence/(mm)
rate/(mm·a-1)
Suning City
7536.2
466.8
31.1
Renqiu City
14,011.6
315.9
21.1
Hejian City
9690.5
395.1
26.3
Xian County
14,819.5
378.5
25.2
Botou City
10,644.7
305.1
20.3
Qing County
8496.7
261.1
17.4
Nanpi County
9090
313.9
20.9
4514.1
340.9
22.7
Dongguang County
Wuqiao County
4798.1
347.0
23.1
Huanghua City
4564
241.5
16.1
Yanshan County
3361.6
306.6
20.4
Mengcun County
2813.2
300.5
20.0
788.2
263.4
17.6
Haixing
Cang County
8244.3
281.3
18.8
Urban area of Cangzhou
3466
285.2
19.0

The yearly exploitation quantities, maximum
land subsidence and maximum subsidence rates of
the counties and cities in Cangzhou are shown in Table 2. Fig. 12 and Table 2 show that the subsidence
funnel centers were generally distributed at the centers of the counties and cities. The most prominent
area of land subsidence (466.82 mm of subsidence)
in Cangzhou was in Suning County because the
yearly exploitation in Suning County is larger than
that in the other regions, and the number of high-rise
buildings has increased with the rapid pace of the urbanization process. The maximum subsidence rate
was 31.12mm/a. The area presenting the minimum
subsidence (241.54mm) in Cangzhou was in
Huanghua City. The subsidence rate was
16.10mm/a. The degree of soil consolidation exceeded that in the other regions, the groundwater exploitation degree decreased in the urban areas of
Cangzhou, and the predicted subsidence was relatively small, although the distribution of high-rise
buildings was more intensive.
In addition, the land subsidence in Cangzhou
decreased in a general trend from west to east. This
result was related to the degree of soil consolidation
and groundwater exploitation. The degree of soil
consolidation was higher in west Cangzhou than in
east Cangzhou. The degree of groundwater exploitation in east Cangzhou was smaller than that in west
Cangzhou. The amount of groundwater exploitation
in 2010 in Renqiu City and Xian County was relatively larger than that in other regions and exceeded
1.4 u108 m3. The lowest amount of groundwater exploitation of 7.882 u107 m3 occurred in 2010 in
Haixing County.
To better understand the scope and degree of
the influence of high-rise building loads and groundwater exploitation on land subsidence, land

subsidence was simulated and predicted under two
different conditions: high-rise building loads only
and groundwater exploitation only. The predicted
characteristics of the variations in the seepage field
and trends in land subsidence from December 31,
2010 to December 31, 2025 under each condition are
shown in Figs. 13 and 14 for the third aquifer group.
Figs. 13-a and 13-b show that the seepage field
of the deep aquifer group changed slightly because
the high-rise building loads affected only variations
in the seepage field of the shallow aquifer. The results for the third aquifer group show that the trends
in the variations in the seepage field under groundwater exploitation alone and the combination of
high-rise building loads and groundwater exploitation exceeded the trends under high-rise building
loads alone.
Fig. 14-a shows that the subsidence funnel centers caused by high-rise building loads were generally distributed at the centers of the counties and cities, where high-rise buildings were more intensive.
Away from the high-rise buildings, the land subsidence was zero, and the influence of high-rise buildings was generally not observed. A greater density
of high-rise buildings corresponds to greater land
subsidence and a greater influence of the scope of
high-rise building loads. Fig. 14-b shows that the
subsidence funnel centers caused by groundwater
exploitation alone were basically distributed in
dense areas where pumping wells were distributed.
The scope of the influence of groundwater exploitation exceeded that for high-rise building loads. The
calculated results under the three different conditions clearly showed that the contribution of highrise building loads was relatively smaller than that of
groundwater exploitation under the combined effects
of high-rise building loads and groundwater exploitation.
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(a)

(b)
FIGURE 13
Forecast contour map of the groundwater levels in the third confined aquifer on December 31, 2015
(a. considering only high-rise building loads; b. considering only groundwater exploitation)

Renqiu City, Hejian City, Xian County, Dongguang
County and Wuqiao County. The coordinates of the
points were (20387802, 4256530), (20407684,
4272147), (20424916, 4251724), (20419614,
4231302), (20462030, 4180845) and (20455402,
4173637). The calculated land subsidence values
forthe six points under the three different conditions
are shown in Table 3.

Six points that presented relatively large land
subsidence were selected to study the land subsidence characteristics under the three different conditions. The three different conditions considered
high-rise building loads alone, groundwater exploitation alone and groundwater exploitation and highrise building loads jointly and are referred to as condition 1, condition 2 and condition 3, respectively,
for simplicity. The six points were in Suning City,
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(a)

(b)
FIGURE 14
Forecast contour map of the land subsidence in Cangzhou on December 31, 2015
(a. considering only high-rise building loads; b. considering only groundwater exploitation)
TABLE 3
Land subsidence values of different coordinate points under different conditions
Area
Suning
Renqiu
Hejian
Xian
Dongguang
Wuqiao

S1
16.5
1.3
0.8
6.6
6.6
7.4

S2
463.9
318.4
400.1
377.8
336.4
341.6

S3
466.8
315.9
395.1
378.5
340.9
347.0

Note㸸S1 represents the land subsidence under condition 1;
S2 represents the land subsidence under condition 2;
S3 represents the land subsidence under condition 3.
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S1+S2
480.4
319.7
400.9
384.4
343.0
349.0

S3/(S1+S2)
0.9717
0.9881
0.9855
0.9847
0.9939
0.9943
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three-dimensional, fully coupled mathematical
model was established. The model considers perfect
coupling among high-rise building loads, groundwater exploitation and land subsidence and has strong
theoretical significance and high practical value.
(2) Considering the nonlinear rheological theory of soils, the dynamic relationships between
changes in the mechanical and hydraulic parameters
of soil and effective stress were discussed. The
trends in the variations of the effective porosity, hydraulic conductivity, elastic modulus and Poisson's
ratio as affected by high-rise building loads were
presented and discussed. The physical mechanisms
of fluid-soil coupling were fully characterized to improve the calculation accuracy of the model.
(3) The most prominent area of land subsidence
in Cangzhou occurred in Suning County at 466.82
mm, which indicates that timely and proper prevention and control measures are needed. The area of
minimum subsidence in Cangzhou occurred in
Huanghua City at 241.54mm. The land subsidence
in Cangzhou decreased in a general trend from west
to east and was consistent with the degree of groundwater exploitation. The land subsidence funnel centers were generally distributed at the centers of the
counties and cities.
(4) The sum of the land subsidence under highrise building loads alone and groundwater exploitation alone differed from the land subsidence under
the combined effects of groundwater exploitation
and high-rise building loads. Thus, a coupling effect
on land subsidence was produced by groundwater
exploitation and high-rise building loads. In overlay
areas affected by both high-rise buildings and
groundwater exploitation, the strength of the coupling effect was dependent on shallow aquifer
groundwater exploitation. The coupling effect increased with increasing in shallow aquifer groundwater exploitation.

The results show that the sum of land subsidence under conditions 1 and 2 differed from the land
subsidence under condition 3. When pore water is
subjected to the action of high-rise building loads,
the pore water pressure increases correspondingly.
The increased pressure compels the pore water to
flow to areas where the pore water pressure is relatively small. Because the model consisted of interbedded aquifers and aquitards, the pore water under
the high-rise buildings flowed along each layer. The
pore water pressures around the high-rise buildings
experienced a relative increase, and the bearing capacity of the soil skeleton (the soil effective stress)
decreased, which caused the amount of compaction
of the aquifer to decrease when considering both
high-rise building loads and ground water exploitation. In addition, the land subsidence correspondingly decreased, which is why the sum of the land
subsidence under conditions 1 and 2 differed from
the land subsidence under condition 3. In this paper,
the phenomenon in which the sum of the land subsidence under conditions 1 and 2 differed from the
land subsidence under condition 3 is called the land
subsidence coupling effect. Table 3 shows that the
S3/(S1+S2) values for the different coordinate points
differed. The smallest value was observed in Suning
County, and the largest value was observed in
Wuqiao County. A small value of S3/(S1+S2) indicated that the difference between the sum of the land
subsidence under conditions 1 and 2 and the land
subsidence under condition 3 was relatively large.
The linear superposition effect of land subsidence
was weak, and the coupling effect of land subsidence
was strong. Moreover, the linear superposition effect
increased and the coupling effect decreased with
larger values of S3/ (S1+S2). The coupling effect
was related to the relative positions of the coordinate
points and areas of influence of the high-rise building loads and groundwater exploitation. If a coordinate point is located in the overlay area affected by
both high-rise buildings and groundwater exploitation, then a coupling effect will be generated. In
those areas, the high-rise building loads affect the
compaction of the shallow soil layers and cause the
strength of the coupling effect to vary according to
the degree of shallow aquifer groundwater exploitation. Therefore, the coupling effect increased with
increasing in the groundwater exploitation of the
shallow aquifer.
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most difficult, most expensive and most damaging
forestry activities in mountainous forests is extraction. This has featured the idea of the improvement
of cost-efficient harvest activities, the use of which
is easy and the damage of which is minimum to the
residual stand.
While upward slope extraction activities are
done with developed machines in some other countries, they are done with cable pulling by drummed
forest tractor and also in a little proportion with cable
yarding in Turkey. Forest cable yarding systems in
Turkey, which were used in 1980s, are hardly ever
used today because of high costs, assemble/ disassemble requiring long time and low allowable cut.
The most frequently used drummed tractors used in
upward slope extraction are MB Track forest tractors. The productivity for 55 transportation distance
was calculated 14.58 m3 / h with MB Track 900 forest tractor [1].
Cable pulling with tractor has some disadvantages such as high cost of tractors, the need for
the tractors to wait in the forest during timber production, long time to reach the cutting area, difficult
maintenance and repair conditions and the need for
route intensity. Also, in this method the tractor is immobilized on the side of the road and skidding can
be done up to maximum 100 ± 120 m. distance. It is
required that the methods which enable to remove
the disadvantages of tractor cable pulling method
should be developed for the areas where route intensity is low and skidding distance is much. It was determined in many universal studies that during
ground based skidding activities severe damages occurred in transported timbers [2-3], leftover trees [47], saplings [8-11], forest ground [12-15], wildlife
[16-17] and water sources [18-19].
Economically required motor power for bottom-up cable pulling can be obtained from a portable
hand winch which is cheaper than a tractor. Portable
hand winch has some advantages such as being much
cheaper than a tractor, not requiring a road to be
used, being easily carried by a worker in the forest,
being installed in a short time, not requiring an expert to be used and enabling pulling activities from
any desired distance by being easily installed anywhere in the forest. It was determined in the tests

ABSTRACT
Today, every part of the wood material with
any dimension can be evaluated in a multifaceted
manner thanks to the development of the forest industry. Hence, it is very important to transport all
parts of the wood material from the forest without
any loss of quality or amount. However, the fact that
there is no ecological, economical and ergonomic
transportation methods for the logs which are located
at the lower sides of the foothills of mountainous areas result in leaving them to rot in the forest. In this
study, the transportation of logs over natural ground
and artificial chute route via portable hand winch
was examined. In this study, extraction of logs with
hand winch were performed on artificial chute routes
having average length of 55.8 m and natural ground
routes having average 52.4 m in length. The duration
for the fixing of the hand winch to the tree lasted 28
sec on average, whereas the placement of the log inside the chute route took 37 sec on average. While
19.8 m3 of logs were extracted in 2.92 hours on artificial chute route, 37.8 m3 logs were extracted about
13.01 hours on natural ground. In this study, the efficiency of the transportation of logs in artificial
chute routes was determined to be about two times
greater in comparison with that of natural ground. It
was observed that the extraction of logs on artificial
route with portable winch minimized damages to residual trees, saplings and forest soil.

KEYWORDS:
Portable winch, Artificial route, Natural ground, Uphill
yarding, Productivity

INTRODUCTION
Forestry activities in the past were only for economic income purposeful. Today, however, with the
increase of the importance which the society have for
occupational health safety and the environment it has
been come up that forestry activities should be evaluated with also some other factors such as being environmental, ergonomic and economic. One of the
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in a short time during slope up and down transportation. On the other hand, it was determined that slope
up timber pulling with drummed tractor on the chute
route is convenient in terms of work productivity and
in this way timbers and stand will not be damaged
[32], but this way proved insufficient due to some
disadvantages such as high cost of tractor and limited
pulling distance.
The artificial route formed with semi-circular
polyethylene chutes can be installed by setting up
horizontal curves in the desired slope in the spaces
between trees. Therefore, timbers easily slide without causing any laceration, fracturing, revelling or
falling down owing to the shapes of chutes and
formed fixed route. Also, drifting timbers away from
the natural ground minimizes the possible damage
on the forest ground. Controlled skidding of timbers
with motor power lengthens the life time of chutes.
The comparison of slope up transportation of extracted timbers with portable hand winch in inclined
areas on the natural ground and artificial chute route
was done in this study.

done on skidding with portable hand winch that affixing skidding cone to timbers during pulling on the
natural ground increases productivity [20-21] and
decreases the damage on the residual stand [22].
Environmental damage occurring during skidding on the ground is caused by the pressure done to
the ground and friction formed between the natural
ground and timbers and also, to a large extent, by
WLPEHUV¶ KLWWLQJ OHIWRYHU WUHHV, saplings and forest
ground. Laceration and damage on the leftover trees
formed during uncontrolled skidding both make
trees sensitive to fungi and insects [23] and decrease
the value of the trees which are products of future
[24]. On the other hand, they cause damage on the
forest ground such as skidding traces, compression,
deterioration, contagion of physical features and erosion sensitivity [25]. This deterioration on the forest
ground may cause decrease on the productivity of
forest areas [26- 27]. Especially mechanized production techniques have caused serious damage on the
residual stand and forest ground [28]. Therefore, improvement of extraction techniques to minimize the
environmental damage to the forest ground and the
stand is very important.
The decrease in the damage to the stand as a
result of skidding method is possible with a controlled skidding through a fixed route where timbers
will not touch trees and saplings. On the other hand,
the decrease in the damage to the forest ground may
be possible in the way that skidding should be done
on an artificial slippery route where there will be no
friction between timbers and ground. Some studies
on slope down transportation of different sized timbers uncontrolledly and slope up transportation with
drummed forest tractors on an artificial route formed
with polyethylene chutes were done in Turkey [3,
29]. It was determined that chute system is productive and environmental in the slope down transportation of firewood [30-31. However, it was not approved because of not being able to provide control,
WLPEHUV¶IDVWKXUWOLQJDQGWKHGHIRUPDWLRQRIFKXWHV

MATERIALS AND METHODS
The study was carried out in Trabzon province
in Northeast of Turkey, where the harvesting units
was located in the forests of the Macka Forest Management Directorates (39° 45' 00'' - 39° 37' 0.6'' E
and 40o 48' 42''- 40o 52' 00'' N). The average temperature was 13 °C, and the mean annual precipitation
was about 771 mm (Fig. 1). The silvicultural treatment was thinning to improve stand quality.
Studies were carried out pure spruce [Picea orientalis (L.)] stands which are middle-aged or elderly
and 0.71 - 1.00 closures. It was selected total of 6
study areas among harvesting units harvested in
summer season. Skidding with a potable

FIGURE 1
Map of the research areas
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ground contact of the logs was cut and an artificial
route was made using polyethylene chutes in order
to minimize the damages on the wood and the forest
soil due to friction. These routes were opened on the
empty areas between the trees without the need for
any additional effort. The diameter, thickness, length
and weight of a polyethylene chutes (Korige SN4)
are 50 mm, 4 mm, 7 m and 25 kg, respectively.
Artificial routes are formed by shifting semicircular polyethylene chutes downwards between
each other and by fixing the male/female tips via
screwing. The chutes that were formed upwards
were tied to the rope in twos or threes and were lifted
upwards via hand winch for the assembly of the
routes.
Skidding cone is attached to the head of the log
to prevent sticking to the soil and to easier sliding.
Skid cones were of polymeric material with a diameter of 51 cm, height of 67 cm and a total weight of
5.5 kg. The log that was moved onto the chute route
was tied directly and was pulled upwards using the
engine power. Whereas for skidding on natural
ground, the log was pulled upwards after the skid
cone was placed to the tip of the pulling cable (Fig.
3).

winch operations were conducted on a natural
ground in 3 harvesting units having average 75 %
slope and on artificial chute route in 3 harvesting
units having average 60% slope. One of the harvesting units skidded on the natural grounds is located in
the northern aspect, whereas the other two harvesting units are in the western aspect.
The power needed for the skidding operations
was provided by PCW500 modal Honda GXH-50cc
portable hand winch (Fig. 2 and Table 1). [2].
The synthetic rope (100 m length, 12 mm thickness), chain choker (1.5 m), polyester choker (2 m),
three metal locks and two metal hooks were used
during the extraction of logs by a portable winch.
The portable winch (average 16 kg), synthetic ropes
and apparatus could be moved easily by a worker.
Portable winch could be installed to trees or stumps
with two metal hooks and polyester choker. The
chain choker that was fixed to the synthetic rope via
metal locks was fixed to the log by metal hooks.
The artificial route was established in order to
reduce the damage given to the residual stands and
the transported logs and to increase the work efficiency. The chutes were connected to each other by
screws at the ends of the connection parts. The

FIGURE 2
Portable winch and fixing the tree
TABLE 1
Technical Specifications of portable hand winch
Properties
Single rope
Max. Drawing Power,
(kg)
Double ropes
Weight, (kg)
Oil Pan, (l)
Fuel Tank, (l)
Fuel Type
Fuel Consumption, (g/kwh)
Study Time with Max. Power, (h)
Max. Drawing Speed, (85 mm) (m/h)
Dimensions, (cm)
Available Rope Diameter, (mm)
Recommended Rope Diameter, (mm)
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1000
2000
16
0.25
1.2
Unleaded gasoline
340
1.5
1080
33 x 38 x 36
10 - 16
12 - 13
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(b)

(a)

FIGURE 3
Artificial chute route (a) and natural ground route (b)
TABLE 2
The average dimensions of the logs, transported processes and speeds
Parameters
Artificial route
Natural ground
Diameter (cm)
30.20
28.70
Length (m)
5.00
3.74
0.43
0.26
Volume (m3/cycle)
Time (sec/cycle)
3.72
5.69
Speed (m/sec)
15.0
10.85
Distance (m)
55.80
52.40
Productivity (m3/h)
6.31
2.92

pulling of the logs (f5), removing the rope (f6), refueling/re-oiling (f7), maintenance works (f8), disassembly of the winch (f9) and the disassembly of the
chute route (f10). Whereas the main work flow
stages for the upwards transportation of logs on natural ground are; assembly of the winch system (f1),
moving the rope and log cone to the logs (f2), tying
the rope and cone (f3), pulling the logs (f4), removing the rope and cone (f5), extraction duration (f6)
and waiting period (f7). The data were evaluated using SPSS 13.0 package software.

Time measurements in the study were carried
out with two Selex 7064 chronometers. The diameter
and length measurements of logs were measured by
a precision caliper and Weiss tape measure, respectively. Leica clinometer was used to measure the
slope of the terrain and routes. The volumes of the
logs were calculated using the Huber volume formula given by Equation 1 [33].
గ
ܸ ൌ ݀ ଶ ܮ
(1)
ସ
3
Where V is volume (m ), d is medium diameter
of the log (m), and L is length of the log (m).
The productivity of the system (P) (m3/h) was
calculated in Equation 2 [34]:

ൌ
(2)

Where; WT, skidding time (h).
The time study was conducted by monitoring
an average worker completing task at a normal pace
[35]. Time measurements during the study were carried out via repetition method. This method is based
on starting the chronometer at the beginning of each
work flow stage and stopping to read and record the
value to the survey form at the end of the work flow
after which the chronometer is reset.
The main work flow stages in the upwards
transportation of logs inside artificial chute routes
via portable winch system are; the assembly of the
chute routes (f1), the assembly of the winch system
(f2), moving the rope to logs (f3), tying the rope (f4),

RESULTS
In this study, it was examined that the upwards
transportation of logs via hand winch on natural
ground and on artificial chute routes. The average diameter, length and volumes of the logs transported
in the study along with average transportation times
and speeds have been given in Table 2.
As seen in Table 2, while the productivities of
skidding by portable hand winch on nature ground
and artificial chute route were calculated as 2.90
m3/h for 55.8 m and 6.31 m3/hour for 52.4 m, respectively. Similarly, Gülci, Erdas, Acar and Akay [36]
determined the productivity of skidding with a portable winch on a 60 m chute route 4.17 m3/h.
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The assembly and disassembly of artificial
chute routes were carried out 4.5 hours and 1.0 hour
on average, respectively. The fixing duration of the
portable hand winch was measured 28.5 sec,
whereas the placement time of the logs inside the
chute route was determined as 37 sec on average.
The fixing of the hand winch and the skidding cone
took 28.5 sec and 13.5 sec/unit on average, respectively. While totally 19.88 m3 logs was skidded in 3
hours in chute system by a portable hand winch, 37.8
m3 log was skidded about in 13.01 hours on nature
ground, respectively.
The stepwise regression analyses were applied
for the upwards transportation of logs by portable
hand winches on natural ground. A significant relationship was statistically determined between total
transportation time in each cycle (T) and log length
(L) and the winching time inside chute route (t)
(Equation 3).
T= 29.087 + 3.916 * t ± 4.836 * L (R2 = 0.965;
p < 0.01)
(3)
The results of statistical analysis showed that
the transportation time was mainly affected by
winching time and log length. Similarly Wang,
Long, Mcneel and Baumgras indicated that log size
is one of the main factors that affect the transportation time [37]. The regression equation given in
equation (4) was obtained between total time (T) and
winching time (t), cone fixing-rope tying (C) and
cone removal-cable removal (S) times as a result of
the linear regression carried out for the upwards pulling via hand winch with a log cone (Equation 4).
T=11.599 + 1.101*t + 1.392*S + 0.934*C (R2
= 0.994; p<0.000)
(4)

transportation in forests where it has longer than 100
m the transportation distance.
In this study, the uphill yarding of logs over
mountainous terrain via portable hand winch on artificial chute route and on natural ground was examined. As a result of, it was determined that the efficiency of pulling by portable winch on artificial
chute routes is 2.2 times greater that of natural
ground. This is due to the fact that logs can be transported in a much shorter time on slippery chutes in
comparison with natural ground because of much
less friction and no time lost not hook the trees, saplings or rock. It was determined that the time losses
occurred that the logs hit the forest soil and residual
stand around the route, and passes fixing the log cone
during skidding on natural ground.
It was observed that transportation of logs on
artificial route with portable winch minimized damages to residual trees and saplings. It was occurred
only small damages on trees around at the beginning
and the ending of chute route. It would be beneficial
to place polyethylene protection covers on the tree
trunks which are located at the beginning and ending
points of the chute routes in order to eliminate these
damages. It was observed that the chute route minimized skidding traces on the forest soil.
The development and use of such combined
systems which incorporate all properties from being
economic to ergonomic as well as having all the environmental properties required is important for forestry. It is suggested to carry out studies which examine the use of this combined system in the loading
of trucks as well as the development of simple cable
yarding.

CONCLUSIONS
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Jilin Province [2] and has become increasingly problematic. The content of salt in some soil layers has
exceeded 3%, and these saline soil areas are located
in a typical seasonally frozen ground region. In the
past, the extreme maximum temperature was 38°C,
while the extreme minimum temperature was 36.5°C. The period in which the temperature was below zero consisted of up to five months, and the
depth of frozen soil reached approximately 170 cm.
Therefore, saline soil projects in this area were repeatedly affected by freeze-thaw action, such as the
freeze-thaw collapse of the subgrade slope, thaw settlement of the subgrade body and a lack of bearing
capacity of the saline soil under the freeze-thaw action [3].
In the early stage, scholars used traditional
methods to study the physical properties of freezethaw soil. They believed that the freeze-thaw cycle
has dual effects on soils with different initial densities, which caused low-density soil to become compact and resulted in a decrease in the soil density of
high-density soil and corresponding changes in the
mechanical parameters [4]. Later, the physical and
mechanical properties of the saline soil were studied,
and the most widely studied soil was sulphate saline
soil in Xinjiang, Gansu and other regions [5]. For example, Mao Xuesong, through the freeze-thaw cycle
test on an indoor subgrade model, mainly analysed
the changing characteristics of the hydraulic, thermal
and mechanical properties of soil inside the subgrade
in the course of the freeze-thaw cycle [6]. In recent
years, some researchers studied the relationship between the resistivity and the physical and chemical
properties of unsaturated clays and the impact of
freezing and thawing on the engineering properties
of soil through resistivity testing on soil or improved
soil [7-12]. In addition, some researchers used ultrasonic technology to test the physical properties of
frozen soil, including tensile, compressive and dynamic modulus tests [13]. For example, Li Qiang established the relation equation between the acoustic
parameters of the frozen clay and frozen sand and
their physical performance parameters (water

ABSTRACT
Jilin Province is located in a typical seasonally
frozen ground region and has a large quantity of seriously salinized and alkalized soil. Various civil engineering projects were often impacted by frost
heave and the repeated freeze-thaw actions of carbonate-saline soil, which caused various engineering
disasters. Characterized by its lossless, fast and convenient features, ultrasonic testing technology has
been widely used and is rapidly developing. It is a
meaningful attempt to detect the change in the microstructure of soil by means of the change in wave
velocity. In this paper, a variety of test conditions for
the saline soil were developed according to the characteristics of the change in compaction, salt content,
water content and climate in saline soil engineering.
The wave velocity was measured with an ultrasonic
wave metre. This study indicated that the freezethaw cycle could reduce the wave velocity. Without
the freeze-thaw process, the wave velocity was inversely proportional to the water content and salt
content and was directly proportional to the degree
of compaction. However, the impact of water content, degree of compaction and salt content on the
wave velocity presented different types of change after the freeze-thaw actions.

KEYWORDS:
Carbonate-saline Soil, Repeated Freezing and Thawing,
Ultrasonic Wave Velocity

INTRODUCTION
When the salt content of soil reaches 0.3%, the
soil should be defined as saline soil according to
many industrial rules and regulations in China [1].
As a special type of soil, saline soil can damage civil
engineering projects via corrosion, dissolution,
freeze-thaw, frost heave and frost heave cracking.
Carbonate soil is widely distributed in the western
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TABLE 1
Physical characteristics of the soil samples
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TABLE 2
Chemical characteristics of the soil samples
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Note: S, total amount of dissolving salt; O, organic matter; CEC, cation exchange capacity

Experimental Facilities. Based on previous
research results, factors that can affect the wave velocity of soil can be divided into two categories: the
first category is the internal factors of soil - material
composition and structural characteristics, mainly
including the granular composition and physical and
chemical properties of the soil, as well as the water
content, compactness and salt conditions of the soil
samples; the other category is external factors,
mainly including temperature and the freeze-thaw
action [18]. Prior to the test, the test index size was
determined according to the natural salt content and
water content of the saline soil within a depth range
from 0 to 80 cm in this area, the climate conditions
and the actual engineering needs [19]. The minimum
surface water content was 9.9%, the maximum moisture content was 30% at a depth of 80 cm, and the
average water content was 21%. The optimum water
content was 18% based on compaction testing. Considering the needs of the project construction, the
water content should generally be controlled at approximately 18%. Therefore, based on the natural
water content and engineering requirements, the water contents of the samples in this test were determined to be 16%, 20% and 24%. The average salt
content of the saline soil at a depth of 80 cm in
Nongan is close to 1%, and the maximum salt content of the topsoil is 1.5%, and the salt content decreases with increasing depth. In different seasons,
the content of soluble salt might fluctuate, and the
highest salinity of topsoil once reached 2.6%, so the
salt contents in this test were designed to be 0%,
0.95% (natural salt content), 1.5% and 2.0% in four
scenarios. In different engineering projects, there
may be different requirements for the degree of compaction of the soil, in which the degree of compaction is generally required to be greater than 90% in
highway projects and above 85% in other projects,
so the degrees of compaction in this test were determined to be 85%, 90% and 95% in three scenarios.
The levels of the test factors are shown in Figure 1.

content, density, temperature) in the scope of testing
by using an SYC-type non-metallic acoustic wave
detector. However, it was still rare to apply ultrasonic technology to frozen thawed saline soil, especially for carbonate-saline soil in the western Jilin
Province, which served as the first attempt.
For the saline soil in western Jilin, the soil is a
multi-phase system under the effect of freeze-thaw
action. In the saline soils, water, heat, salt, and stress
interact with each other, which leads to many environmental problems [14]. During freezing, the water
in the soil migrates and becomes ice, resulting in the
phenomenon of frost heave [15, 16]. In addition, during this process, the salt in the soil will be transported, resulting in soil secondary salinization [17].
In this paper, the relation between the change
in the velocity of the ultrasonic wave and the change
in the microstructure of the soil was mainly discussed.

MATERIALS AND METHODS
Experimental Materials. The soil used for this
study was taken from dry land in Aobaotupao of
Nongan County, Jilin Province, and the coordinates
ZHUH ¶´ 1  ¶´ (  7KH VXU
face was extremely dry, with a high number of white
saline-alkali plaques. Samples were taken from the
topsoil at depths ranging from 0 to 0.8 m. The results
of the tests on the particle size composition and basic
physicochemical properties are shown in Tables 1
and 2. Table 1 and Table 2 indicate that the saline
soil in Nongan County was silty clay characterized
by weak alkaline, non-organic matter, good gradation, medium liquid limit, high sodium ion and soluble salt content, which was determined through several sampling campaigns in different areas and based
on DT92 issued by the Ministry of Geology & Mineral Resources. According to the ion content indicated in Table 2, the bicarbonate content is the highest, followed by the contents of sulphate radicals and
chloride. Therefore, the main component of the saline soil in Nongan County is carbonate.
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Nongan soil sample
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Ultrasonic velocity testing

FIGURE 1
Frost heaving test design
BASIC PROPERTIES OF THE SOIL

content, degree of compaction and number of freezethaw cycles.

In this paper, the soil was sampled in April. The
soil samples on the surface are relatively dry because
of the strong evaporation of the soil surface in spring,
and granophyric white salt crystals can be observed
on the soil surface. Then, a small soil pit is dug, and
the soil samples at a depth of 40 cm are collected for
the experiments.

DISCUSSION OF THE TEST RESULTS
Study of the wave velocity of the saline soil
with different salt contents that was not subject to
freezing and thawing. For the saline soil with different salt contents that was not subjected to freezing
and thawing, the ultrasonic wave velocity of the saline soil with different water contents was measured,
as shown in Figure 2. The ultrasonic wave velocity
was tested at different degrees of compaction, as
shown in Figure 3. As indicated in Figure 2, with the
increase in water content, the wave velocity decreased, and the trend of the decrease was more substantial after the water content reached over 20%.
The higher the water content in the soil pores is, the
smaller the number of contact points among the soil
particles, and the velocity of the sound waves in water was much lower than that in soil particles, so the
higher the water content is, the lower the wave velocity. As shown in Figure 3, the wave velocity increased with the increase in the degree of compaction, indicating that they were directly proportional,
because the higher the degree of compaction is, the
closer the connection between the soil particles and
the better the conductivity of wave is, and thus, the
higher the wave velocity.
As indicated in Figure 2 and Figure 3, the wave
velocity of the soil without salt was much higher
than that of several types of saline soil. For soil with
salt, the lower the salt content is, the higher the wave
velocity, which indicated that the wave velocity was
inversely proportional to the salt content. This is because the higher the salt content is, the higher the
concentration of the saline solution is in the soil
pores, and a thick cation adsorption layer is formed
around the soil particles, resulting in a higher degree

Experimental Methods. The TICO ultrasonic
testing instrument made in Switzerland was adopted
in this test, which is a program that tests high and
low temperatures. The soil samples were made into
specimens with a diameter and height of 10 cm and
10 cm, respectively. To prevent water loss during the
freeze-thaw action, each specimen was wrapped
with a piece of impermeable film.
In the test, all samples were put into a programtype high and low temperature tester. After many experiments, the final settings were determined to be
freezing at -20°C for 6 h and thawing at 20°C for 6
h and 12 h, after which a cycle could be completed.
After the freeze-thaw cycles, a wave velocity test
was conducted. It was found through the wave velocity test that the soil samples wrapped in film had
no influence on the wave velocity. To prevent water
loss and ensure the integrity of the soil samples, the
film was retained throughout the process of a wave
velocity test. In addition, the film could also enhance
the coupling effect between the soil samples and the
transducer, so the wave velocity could be rapidly
tested without the use of any coupling agent.
Experimental Results. The formula for the
calculation of the ultrasonic wave velocity: v=1000
L/t [13], unit: m/s; L: sample height, unit: mm; t:
time of wave conduction, unit: μs. Tables 3-4 and
Figures 2-5 show the ultrasonic velocity of the soil
samples with changes in moisture content, salt
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TABLE 3
The freezing-thawing residual wave velocities of various types of saline soil
at different water contents (m/s)
Freezing±thawing times
Salt
content
0
3
5
10
15
20
25
30
35
40
45
50
0%
540 447 425 445 445 440 453 420 428 403 430 365
0.95% 477 344 308 311 303 326 323 372 347 339 353 380
16%
1.5%
502 313 202 304 314 313 321 352 342 335 357 417
2.0%
511 289 258 220 205 218 242 208 225 262 208 432
0%
538 437 405 442 403 420 465 425 440 422 437 310
0.95% 499 291 220 260 264 271 294 300 293 305 303 397
20%
1.5%
471 282 221 256 298 296 298 295 296 296 307 413
2.0%
457 285 197 269 268 286 273 279 274 281 292 397
0%
460 317 393 345 368 467 452 430 425 422 442 352
0.95% 407 313 202 304 314 313 321 352 342 335 357 417
24%
1.5%
372 300 214 258 313 312 302 303 307 310 323 373
2.0%
383 286 251 310 309 310 308 348 310 370 362 418
Note: Data in the table show the average value of the residual wave velocity of the soil samples under three compaction degrees corresponding to moisture contents
Moisture
content

TABLE 4
The freezing-thawing residual wave velocities of various types of saline soil at different
degrees of compaction (m/s)
Freezing±thawing times
Salt
content
0
3
5
10
15
20
25
30
35
40
45
50
0%
468 410 380 393 423 453 437 432 455 423 432 350
0.95%
438 309 293 299 270 288 297 332 303 301 327 408
85%
1.5%
428 282 233 255 272 272 272 263 267 285 270 377
2.0%
427 275 225 224 219 247 270 244 214 275 255 408
0%
500 413 418 393 360 442 450 417 435 403 443 297
0.95%
470 320 234 275 306 311 301 323 306 310 322 367
90%
1.5%
420 311 243 259 311 310 304 309 304 300 315 410
2.0%
440 305 257 281 272 274 276 309 292 318 275 413
0%
570 377 425 445 433 432 483 427 403 420 433 380
0.95%
474 318 203 300 305 311 340 368 373 368 365 418
95%
1.5%
497 271 214 256 298 306 298 306 307 305 315 415
2.0%
484 281 225 294 290 292 277 283 304 319 332 425
Note: Data in the table show the average value of the residual wave velocity of the soil samples under three moisture contents corresponding to compaction degrees
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FIGURE 2
Relation between the wave velocity and the
moisture content of the soil samples with different
salt contents
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different salt contents
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velocity trend curves of several types of saline soil
fluctuated and intertwined. Although the salt solution could increase the thickness of the diffusion
layer among the soil particles and reduce the connectivity of the soil particles, the salt crystals had cementation and could form a new transmission system
with soil particles, in which water mainly acted as
lubrication and promoted close contact between the
soil and salt crystals. Therefore, when the salt content was high, the higher water content could facilitate the increase in the wave velocity. Therefore, under freeze-thaw action, the salinity had a comprehensive influence on the wave velocity, which was characterized by a degree of uncertainty. When the water
content was high, the dissolution and crystallization
of salt were stronger [21], which increased the degree of such uncertainty.

of dispersion of the soil particles [3], and the wave
velocity declines accordingly.

Wave velocityδm/sε

Study of the attenuation of the wave velocity
of saline soil with different salt contents under repeated freeze-thaw actions. (1) Influence of the
number of freeze-thaw cycles on the attenuation
of the wave velocity. The wave velocity of the saline
soil decreased with the increase in the number of
freeze-thaw cycles at different degrees of compaction or different water contents. The wave velocity
of the saline soil decreased sharply during 0-5
freeze-thaw cycles, but it tended to basically stabilize after 10 freeze-thaw cycles, as shown in Figure
4 and Figure 5. This was because the soil had two
types of morphological changes under freeze-thaw
action, namely, salt-frost heaving and thaw settlement. Swelling of the soil occurred during the early
stage of frost heaving and soil particles became
loose, but the swelling of the soil decreased gradually and recovered to a certain density after a certain
number of thaw settlements [20]. The corresponding
wave velocity trend curve decreased sharply in the
early stage and gradually stabilized in the later stage.
(2) Influence of the degree of compaction on
the attenuation of the wave velocity. As shown in
Figure 4 A), B), and C), although after multiple
freeze-thaw cycles, the wave velocity trend curve of
non-saline soil was far higher than that of saline soil
when the degrees of compaction were approximately
85%, 90% and 95%. The wave velocities of various
types of saline soil were basically inversely proportional to the salt content. This indicated that salt has
been playing a role in dispersing soil particles and
reducing the wave velocity, but the type of action did
not change with the change in the degree of compaction and the number of freeze-thaw cycles. At the
same time, when the degree of compaction was 95%,
the degrees of fluctuation of the wave velocity of
various types of soil were smaller than those types of
soil at other degrees of compaction, which indicated
that the soil structure with a higher degree of compaction was more stable and less affected by external
conditions.
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(3) Influence of water content on the attenuation of the wave velocity. When the water contents
were 16%, 20% and 24%, the wave velocity trend
curve of the soil without saline was still much higher
than that of several types of saline soil. However, for
the wave velocity trend curve of several types of saline soil, the relation of the inverse proportion between wave velocity and salt content became abnormal with the change in water content under repeated
freeze-thaw actions, as shown in Figure 5, A), B) and
C). When the water content was 16%, the wave velocity generally decreased with the increase in salt
content, which served as the rule. However, when
the water contents were 20% and 24%, the wave
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FIGURE 4
Relation between the wave velocity and the
freezing±thawing times of the soil samples under
three compaction degrees with
different salt contents
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CHARACTERISTICS IN SUBMERGED MEMBRANE
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ciency, high retention efficiency, less sludge production, and automatic operating system[1,2,3,4,5,6].
However, membrane fouling and concentration polarization hinder wider application of SMBR. Membrane fouling refers to the reduction of membrane
permeate flux and driving force resulting from deposition of suspended particles or solute on the membrane surface, pores and inner surfaces, whereas
concentration polarization is caused by high concentration boundary layer formed by solute aggregation
on membrane surface.
In recent years, treatment and mechanism of
membrane fouling has received an increased research attention. Some technologies have been
proved to be effective in altering hydrodynamics
characteristics of the membrane surface to promote
the membrane permeate flux, for example, aeration
devices, increasing cross-flow velocity, the application of pulsing flow and ultrasound turbulence promoter [7,8,9,10,11]. The SMBR performance could
be further improved via aeration [12]. For instance,
the gas-liquid two-phase cross-flow caused by the
aeration flushes the boundary layer of membrane
surface, leading to reduction in its thickness, promotion of the mixing of liquid near the membrane and
weak concentration polarization phenomenon [13].
However, energy consumption for aeration accounts
for a large proportion of operation costs in most industrial plants.Under optimized aeration conditions
could achieve better fouling control flux enhancement and reduce energy requirement. Thus, it is necessary to investigate the effects of aeration intensity
and pore diameter of SMBR on operation performance, to achieve optimum experimental conditions
and the maximum performance with the lowest operation cost [14].
Particle image velocity (PIV) which is an image velocity technique, can measure the transient velocity field. The PIV technique is accurate to measure the transient flow field, which is a measurement
approach regarding transient plane flow filed originating from flow visualizing technique. The PIV
overcomes the limitation of single space point measurement technique and can record entire flow filed

ABSTRACT
Submerged membrane bio-reactor (SMBR) is a
well-developed waste-water treatment process that
has been widely used by municipalities and industries. Nonetheless, concentration polarization and
membrane fouling are the two important problems
preventing their wide applications. In the present
study, the most effective strategy to improve the
membrane performance was found to generate the
gas-liquid two-phase cross-flow through aeration.
However, the optimum operating parameters such as
the pore size and intensity of aeration were still unclear. Optimizing operating parameter is essential to
reduce the operational costs and to improve filtration
efficiency. This study investigated the hydrodynamic characteristics of hollow fiber membrane surface in SMBR under different conditions using the
particle image velocity (PIV) technique and the effects of the different experimental parameters on the
membrane performance.The results indicate that aeration pore size of 1.0 mm and 140L/h aeration intensity is considered the optimum operating parameters,because it can provide higher shear stress and
highly dissolved oxygen. The subject laid a theoretical foundation for the optimization of flow field in
submerged membrane bio-reactor so as to control the
membrane fouling problem.
KEYWORDS:
Membrane bio-reactor, particle image velocity (PIV), hydrodynamic characteristics, aeration intensity, aeration
pore size

INTRODUCTION
Submerged membrane bio-reactor (SMBR),
which is a relatively advanced waste-water treatment
process, combines biological treatment and physical
separation processes. It has been widely used in municipal and industrial waste-water treatment due to
various advantages such as high treatment effi-
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could provide trans-membrane pressure difference.
Firstly, the air generated by the aeration pump
was injected into the pressure stabilized cavity,
which then passed through aeration pores with different diameters into the testing sections. Thereafter,
air contacted with water containing fluorescent ions,
formed gas-liquid two-phase cross-flow and rose
near the membrane surface. Finally, the air was discharged to environment and the effluent was returned to the water tank through the outlet, forming
a membrane surface flow field testing cycling system.
The main structural parameters and operational
conditions of the aeration tank reactor are shown in
Table 1.
As shown in Fig. 2 the membrane surface flow
field testing device was set as rectangular with its
length, width, and height being 100 mm, 100mm and
632mm, respectively. For the measurement, hollow
fibers were replaced by 6 optical fibers to ensure the
laser can pass through membrane module and to perform synchronous test of gas-liquid two-phase crossflow field near the membrane. The 6 optical fibers
were arranged in a single column at 10 mm distance
between adjacent optical fibers with fixed bottom
and adjustable top.

dynamics syn-chronically to shown hidden turbulence flow patterns, i.e. vortex at different scales
[15,16]. The PIV almost does not disturb flow field.
The technique is widely used in spacecraft propulsion, bio-medicine, aerospace, electromagnet system, and other fields [17,18,19]. In this context, the
aim of this study was to investigate the effects of different aeration intensity and pore diameter size on
hydrodynamics characteristics of membrane surface
using the PIV technique [20].

MATERIALS AND METHODS
Experimental system. This experiment was
carried out at the laboratory scale. The schematic diagram of the experimental system for analyzing the
effect of hydrodynamics characteristics on membrane surface is shown in Fig. 1. The system is composed of five parts, including the inlet water system,
outlet water system, membrane bio-reactor system,
aeration device, and the PIV test system. This test
system can measure transient velocity field of gasliquid two-phase cross-flow on membrane surface.
Pressure stabilizing cavity was adopted to guarantee
system stability in reactor, and the vacuum cavity

TABLE 1
Main structural parameters and operational conditions for aeration tank reactor
Main structural
Reactor size L×D×H/mm×mm×mm
Number of membrane fibers
Distance between adjacent membrane fiber, H/mm
Diameter of the Aeration pore, d/mm
aeration intensity Q/(L·h-1)

parameter values
100×100×632
6
10
1/1.5
24/48/72/96/140/180/220

FIGURE 1
System flow chart of flow field near membrane surface test system
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for each group of experiment.

Controlling membrane fouling through aeration
depends on total shear force yielded by bubbles. Under same aeration intensity smaller aeration pores
can generate more bubbles per unit time with higher
flushing efficiency on membrane surface resulting in
better controlling effect on membrane fouling. In addition, bubbles produced by smaller aeration pore are
more even. In this experiment the tubular aerator was
set straight under the 6 optical fibers with 5 pores.
Pores with different sizes were arranged between
two adjacent membrane fibers at 10 mm apart. The 6
fibers from left to right were labeled as 1, 2, 3, 4, 5,
and 6. The aeration pore diameter between Fiber 1
and 2, 2 and 3, 3 and 4, 4 and 5, and 5 and 6 optical
fibers were 1 mm, 1 mm, 1.5 mm, 1.5 mm, and 1.5
mm, respectively.

Fluorescent Ion Method. Two black and
white CCD cameras were simultaneously used to
capture the motion of different phases in flow field.
One camera only captured the image of the fluorescent particles, i.e. the continuous phase flow field.
The camera lens capturing fluorescent particles was
equipped with a high pass filter, which intercepted
the laser scattering light with wavelength under 560
NM and only accepted the fluorescent signals within
the range of 570 nm-580 NM reflected by fluorescent particles. Since the green light (527 NM) reflected by optical fibers was intercepted, the strong
light reflected by optical fiber could be avoided. The
other camera only captured the motion of bubbles in
discrete phase, i.e. the motion in dispersed phase.
The camera lens capturing bubble motions were
equipped with a 532 NM ± 5 NM narrow-band filter,
which only received the laser scattering light images
of the bubbles and intercepted scattering light of fluorescent particles. Two CCD cameras were arranged
on both sides of the flow field, with the central axis
of two cameras being perpendicular to the test plane
to realize simultaneous shooting for same region,
and thus liquid and gas flow fields were obtained,
respectively.
In this study, fluorescence particles were used
as tracer particles, and the position tangent to the
membrane surface was selected as laser cross section. The PIV shooting area had a height and width
of 200mm and 65mm, respectively. The shooting
width selected the external border of 6 optical fibers
as boundary, and the shooting height was bounded
by 200 mm at the top from the aeration pore outlet at
the bottom.

FIGURE 2
Aeration pore location in test device

By setting camera shooting time interval as ' t
(the optimum time interval for this experiment was

PIV test system. A two-dimensional Power
View series PIV system (American TSI company)
was adopted for flow field test in experiment. The
PIV test system consisted of three subsystems
namely imaging system, synchronization control
system and analysis display system. The imaging
system contained two Charge Coupled Device
(CCD) cameras and one laser system. The laser system was a double Rb yttrium aluminum garnet
(YAG) laser with green light source output by two
laser emitters. The wavelength range of laser beam
was 545-780 NM with the maximum operating frequency of 15Hz ˈthe energy of 120 mJ/pulse and
the pulse width of 3-10 NS. The CCD camera was a
charge coupled imaging device that converts the
two-dimensional optical image signal into one-dimensional video signal output and syn-chronically
displays a visible image through monitors with same
scanning modulation. The CCD camera had a resolution of 1200 X 1600 pixels. A Laser-pulse TM synchronization was used to connect the computer, cameras and laser to achieve simultaneous triggering of
the system. Fifty pairs of PIV images were captured

' W

ȝV WZRconsecutive frames of instantaneous images of liquid in the reactor were collected.
The displacement of each particle along with the particle movement velocity and direction could be calculated using cross-correlation algorithm. After obtaining liquid phase velocity field using PIV fluorescent particle method and adding high pass filter in
front of the camera, the experimental comparison
was conducted for selection of diagnosis windows
48x48 and 32x32. The vector results showed that
partial error vectors existed in 32x32; thus, it was decided to select diagnostic window of 48x48.
After obtaining the bubble images by arming
narrow-band filter in front of the camera, the velocity field of the bubble was obtained via the built-in
Size-Shape-Analysis module of PIV. The SizeShape-Analysis module was divided into four processes, namely spatial calibration, processing mask,
prepossessing, and processing. In the prepossessing
stage, subtraction is used to perform background
processing, for eliminating interference of membrane fiber in the analysis. In the processing stage,
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previous studies[11], distance value was selected in
this study as the experimental and relatively optimized experimental parameter values were obtained
through this experiment. The effects of aeration pore
diamter of 1mm and 1.5 mm and aeration intensity
of 24L/h, 48L/h, 72L/h, 96L/h, 140L/h, 180L/h, and
220L/h on hydrodynamics near the hollow fiber
membrane were analyzed based on the data obtained
from PIV fluorescence particle technique.

the bubble sharpness was adjusted to optimum status
via binary threshold to accurately identify more bubbles. The velocity, diameter, and other parameters of
bubbles were obtained through cross-correlation algorithm analysis of frame A and B.

RESULTS AND DISCUSSION
Various factors affect the operational performance of SMBR. Based on empirical values for aeration pore diameter and aeration intensity reported in

Effects of aeration pore diameter on hydrodynamics characteristics of membrane surface.
The experiment was conducted for aeration pores

FIGURE 3
Analysis process of bubble at 1mm pore diameter
(a) piv Bubble Image; (b) Bubbles identified by frame A; (c) Bubbles identified by frame B; (d) Bubble
image after matching of frame A and B
TABLE 2
Velocity and equivalent diameter of bubbles at 1mm pore diameter (U and V are the horizontal and vertical velocity components of bubble rising, respectively)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

X mm
140.378
142.745
147.725
144.376
142.026
151.311
146.874
150.299
145.915
143.764
147.401
145.84
144.796
143.51
142.207
142.573
143.786
142.852

Y mm
-13.124
-28.789
-37.689
-58.171
-75.087
-98.423
-112.357
-127.655
-122.338
-137.17
-152.284
-160.027
-172.771
-183.208
-193.455
-202.819
-209.145
-211.799

U m/s
0.115
-0.009
-0.392
0.124
-0.065
0.255
0.279
0.58
-0.079
0.364
-0.078
0.051
-0.045
0.105
-0.143
0.178
0
-0.139
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V m/s
0.135
0.832
0.562
1.182
0.002
1.186
-0.009
1.165
0.369
0.572
0.319
0.465
0.563
0.382
0.352
0.208
0
0.226

Diameter/ȝP
8056.185
8964.215
5668.668
6623.623
12585.82
12571.407
4947.146
8702.542
4128.115
6013.943
5518.773
5394.18
4951.725
5926.643
5028.923
4620.281
3465.619
4556.073
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sizes of 1 mm and 1.5 mm to study the bubble movement patterns on hollow fiber membrane surface. At
a relatively higher aeration intensity, bubble adhesion phenomenon caused by bubble merging and
breakage was unfavorable for analyzing bubble hydrodynamics characteristics with Size-Shape-Analysis module in PIV. Therefore, the bubble rising motion tracing and velocity, bubble formation and other
hydrodynamics were analyzed in the static liquid
phase at an aeration intensity lower than 24 L/h for
two aeration pore diameter sizes.
Figure 3 demonstrates the bubble analysis process at the aeration intensity of 24 L/h for pore diameter of 1 mm using Size-Shape-Analysis module.
The bubble velocity and equivalent size obtained using cross-correlation algorithm after matching frame
A and B are shown in Table 2.
As evident in Figure 3 and Table 2, the shape
of most rising bubbles was elliptical for 1mm aeration pore. The corresponding diameters ranged from
4 mm to 5 mm, and rose in a spiral path. The larger
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were the bubbles, the bigger was the diameter of the
spiral path. Some circular bubbles rose straightly in
the liquid. In the ascending process, the horizontal
bubble movement velocity was relatively small, and
the velocity variation of bubbles in the axis direction
was relatively evident. The maximum movement velocity reached 0.572 m/s, while the minimum movement velocity was 0.1353 m/s. The average movement velocity of the bubble was 0.439 m/s. The velocity of most bubbles was within 0.3~0.5m/s. At relatively low aeration intensity, the circular and elliptical bubbles rose, whereas the bubble merging and
breakage phenomena were not obvious.
According to Figure 4 and Table 3, most rising
bubbles were circular and the diameter round-cap
shape bubbles was within 5-6 mm for 1.5 mm aeration pore. The average bubble velocity was 0.209
m/s and the velocity of most bubbles was within
0.1~0.2 m/s. Further, merging and breakage phenomena among rising bubbles were clearly evident.

TABLE 3
Velocity and equivalent diameter of bubbles at 1.5mm pore diameter
1
2
3
4
5
6
7
8
9
10
11

X mm
153.396
159.359
161.421
167.499
169.888
170.411
170.673
171.292
173.036
171.005
169.987

Y mm
-70.716
-96.323
-115.179
-136.736
-147.854
-161.062
-174.174
-187.804
-199.945
-208.663
-215.08

U m/s
0
0.002
-0.066
0.012
0.023
0.118
0.108
-0.709
0.209
0.056
0.167

V m/s
0
0.203
-0.144
0.251
-0.124
0.167
0.586
0.005
0.21
0.16
0.509

Diameter/μm
4336.925
4979.108
8362.591
5410.958
6188.512
6691.699
5612.422
6221.381
5976.143
5153.552
5006.341

FIGURE 4
Analysis process of bubble at 1.5 mm pore diameter
(a) piv Bubble Image; (b) Bubbles identified by frame A; (c) Bubbles identified by frame A;
(d) Bubble image after matching of frame A and B
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Turbulence intensity is the ratio between turbulence fluctuation velocity and average velocity. A ratio lower than 1% is referred to as low turbulence intensity, while a ratio higher than 10% is defined as
high turbulence intensity. Turbulence generally occurs at high Reynolds number. Turbulence intensity
could be calculated based on equation (1):

The oscillation of round-cap bubbles with large diameter was more evident in the ascending process.
The rising bubbles were significantly unstable and
large bubbles were prone to break into smaller ones,
while nearby bubbles tended to collide and form
larger bubbles.
Although the aeration device was located right
below the membrane module, a part of the membrane surface could not still receive sufficient
flushes by the bubbles. Irregular spiral rising of bubbles in low-viscosity liquid could flush a part of
membrane surface with poorer aeration effects.
When the aeration pore diameters were smaller,
more bubbles were released by aeration device. During the irregular ascending process, a large amount
of bubbles reached aeration blind areas and flushed
the membrane surface more evenly.
Bubbles generated at 1mm aeration pore diameter were small with relatively large instantaneous
velocity. The oxygenation capacity of aeration device is generally represented by oxygen uptake rate.
Oxygen uptake rate is referred to the percentage of
oxygen transferred to liquid out of total oxygen supplied per unit time. Small aeration pore diameter
generated smaller bubbles had large gas-liquid contact area and high oxygen uptake rate resulting in
high dissolved oxygen concentration.
Therefore, it can be concluded that aeration
pore diameter at 1.0 mm could generate smaller bubbles, higher gas-liquid contact area and higher concentration of dissolved oxygen in reactor than aeration pore diameter at 1.5 mm for the same aeration
intensity. Therefore, higher erosion frequency to
membrane surface with higher shear stress can be
used to better control effects on membrane fouling
[21]. As such, aeration pore diameter of 1.0 mm, and
the aeration intensity of 24L/h can efficiently control
membrane fouling, and also provide high dissolved
oxygen for activated sludge. Therefore, 1.0 mm pore
size is a relatively optimum diameter size for aeration pore diameter.

I

Uc
U

0.16 Re

-

1
8

(1)

ZKHUH8¶GHQRWHVWXUEXOHQFHIOXFWXDWLRQYHORF
ity, m/s; u denotes average velocity, m/s; I denotes
turbulence intensity, %; Re denotes Reynolds number calculated according to hydraulic diameter.The
above equation is from the ANSYS FLUENT User's
Guide (Release 14.5,Equation.(6.43)).
In this study, the central axis of aeration pore
was selected as the study reference point to analyze
changing patterns of turbulence intensity induced by
gas-liquid two-phase cross-flow formed by aeration
in static water. Due to the liquid-phase average velocity obtained near the membrane surface, the
tecplot software was used to calculate turbulence intensity values near membrane surface, which was
equidistant to central axis of aeration pore under circumstances for aeration intensities of 24 L/h, 48 L/h,
72 L/h, 96 L/h, 140 L/h, 180 L/h, and 220 L/h. The
results are shown in Fig. 5. In Fig. 5, the horizontal
axis refers to the central axis height positions of aeration pores at 1 mm and 1.5 mm, and the vertical axis
refers to corresponding turbulence intensity.
As evident in Figure 5 (a) and (b), the distribution trends of the turbulence intensity along the central axis were similar for both sizes of aeration pore
diameter. The turbulent motion of entire region was
relatively mild and evenly distributed. At the position close to aeration pores, the turbulence intensity
was relatively low and presented a slightly decreasing trend. This was mainly because the liquid-phase
motion was driven by the gas. During the ascending
process, the interaction between liquid and the bubbles consumed a portion of the turbulent kinetic energy, resulting in a decrease in total kinetic energy.
This is evident in Figure 5, in which the turbulence
intensity curve began to show a decreasing tread. At
height away from aeration pore, the turbulence intensity significantly increased. Additionally, turbulence intensity increased significantly with the increase in height for high aeration intensity. This was
because liquid phase velocity increased evidently
with increasing height. Further, liquid phase velocity
fluctuated at locations significantly away from aeration pores, inducing intensified turbulence pulse velocity, higher aeration intensity and higher liquid
phase pulse velocity near membrane surface. The
turbulence intensity in the reactor was higher when
the contact between gas and liquid phases was significant. This was more favorable for the gas diffusion in water, reduction of membrane fouling, and
reduction of energy consumption.

Effects of turbulence intensity due to gas-liquid two-phase crossflow on membrane surface.
The feature of turbulence is that it moves with different velocity in different directions and intensely
mixed. Turbulence can increase molecular diffusion
rate of solute, which is favorable for molecular diffusion and to enhance mass transfer efficiency. In
turbulence field, the interaction between gas and liquid phases of fluid is extremely complicated [22].
When the bubbles are smaller than turbulent vortex,
they pulse along with turbulent flow and distorts due
to acceleration and rotational motion caused by velocity gradient. In contrast, the turbulent vortex
sweeps bubble surface and yields shear stress and local surface regeneration, which is favorable for bubble breakage. Further, mass transfers between gas
and liquid phases when turbulent vortex is smaller
than bubbles [23,24].
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curve for different aeration intensities and same aeration pore diameters, the turbulence intensity near
membrane surface decreased first and then increased
along the central axis of aeration pore at certain
height as the aeration intensity increased from 24L/h
to 140L/h. With the increase in aeration pore central
axis height, turbulence intensity showed an up and
down variation, which is favorable for membrane
fouling. When the aeration intensity was within the
range of 140 L/h to 220 L/h, the turbulence intensity
alternatively changed near membrane surface, and
its correlation with aeration intensity was weak,
while the increase in turbulence intensity with increase in aeration pore central axis height was not
significant. In this study, the optimum aeration intensity was analyzed from the perspective of system operation costs and near membrane surface turbulence
intensity variation laws, which should be 140 L/h.

The turbulence intensity in gas-liquid phase
separation zone was significantly larger than that in
other areas (Figure 5), and the turbulence kinetic energy was maximum. In this area, the mass transfer
between phases of gas-liquid two-phase cross-flow
and distortion, merging and breakage of bubbles
were the strongest. Based on the turbulence values
for various aeration intensities, it could be inferred
that, all other height positions belonged to high turbulence intensity area with turbulence intensity
higher than 10% except for relatively low aeration
intensity and location closer to aeration pore. The
area with high turbulence intensity corresponded to
high turbulence kinetic energy. Further, gas-liquid
two-phase cross-flow in high turbulence intensity
area exerted good flushing effects on membrane fiber surface.
According to the turbulence intensity variation
0.4
24L/h
48L/h
72L/h
96L/h
140L/h
180L/h
220L/h

0.35
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0.3
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(a) Distribution curve of central axis height intensity of aeration pore at 1mm pore diameter
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(b) Distribution curve of central axis height intensity of aeration pore at 1.5mm pore diameter
FIGURE 5
Turbulence intensity distribution curve along the center axis of aeration pore at (a) 1 mm diameter and
(b) 1.5 mm diameter
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[5] MatoУi©, M., Crnek. V., Jakopovi©, H.K. and
Mijatovi©, I. (2009) Municipal wastewater treatment in a membrane bioreactor. Fresen. Environ.
Bull. 18, 2276-2282.
[6] Wu, J.F., Xiong. W., Pu, W.H., Yang, C.Z. and
Zhang, J. D. (2013) Treatment of sludge liquor
produced in deep dehydration with UV/fenton
process. Chemical Engineering Journal. 22,
1155-1162.
[7] Du, X., Wang. Y., Qu, F., Li, K., Liu, X., Wang,
Z., Li, G. and Liang, H. (2017) Impact of bubbly
flow in feed channel of forward osmosis for
waste-water treatment: Flux performance and
bio-fouling. Chemical Engineering Journal. 316,
1047-1058.
[8] Babaei, R., Bonakdarpour, B. and Ein-Mozaffari, F. (2015) Analysis of gas phase characteristics and mixing performance in an activated
sludge bio-reactor using electrical resistance tomography. Chemical Engineering Journal. 279,
874-884.
[9] Yao, Y. (2016) Enhancement of mass transfer
by ultrasound: Application to adsorbent regeneration and food drying/dehydration. Ultrasounds Sonochemistry. 31, 512-531.
[10] El-Shazly, A.H., Al-Zahrani, A.A., Alhamed,
Y.A., Nosier, S.A. (2012) Productivity intensification of humidification±dehumidification desalination unit by using pulsed water flow regime. Desalination. 293, 53-60.
[11] Pourbozorg, M., Li, T. and Law, AWK. (2016)
Effect of turbulence on fouling control of submerged hollow fibre membrane filtration. Water
Research. 99, 101-111.
[12] Fang, X., Wang, J., and Liu, J. (2015) Effects of
aeration rate on hydrodynamic performance of
smbr equipped with micro-channel turbulence
promoters. Chinese Journal of Environmental
Engineering, 9(9), 4391-4397.
[13] Sadatomi, M., Kawahara, A., Kano, K. and
Ohtomo, A. (2005) Performance of a new micro-bubble generator with a spherical body in a
flowing water tube. Experimental Thermal and
Fluid Science. 29, 615-623.
[14] Braak, E., Alliet, M., Schetrite, S. and Albasi, C.
(2011) Aeration and hydrodynamics in submerged membrane bioreactors. Journal of Membrane Science. 379,1-18.
[15] Shi, B., Wei, J. and Zhang, Y. (2017) A novel
experimental facility for measuring internal
flow of Solid-liquid two-phase flow in a centrifugal pump by PIV. International Journal of Multiphase Flow. 89, 266-276.
[16] Ashwood, A.C., Vanden, Hogen, S.J.V., Rodarte, M.A., Kopplin, C.R., Rodr oguez, D.J.,
Hurlburt E.T. and Shedd, T.A. (2015) A multiphase, micro-scale PIV measurement technique
for liquid film velocity measurements in annular
two-phase flow. International Journal of Multiphase Flow. 68, 27-39.

In the context of concentration polarization and
membrane fouling issues in SMBR, this study
adopted PIV method to determine the optimum aeration pore diameter and aeration intensity under the
present experimental conditions. The results showed
that aeration pore diameter of 1.0 mm can provide
relatively highly dissolved oxygen, and can efficiently reduce formation of membrane fouling. Thus,
this size is was a relatively ideal size of aeration pore
diameter. When aeration intensity ranged within 24
L/h-140 L/h, the turbulence intensity presented positive correlation with aeration intensity. When aeration intensity was 140 L/h, the turbulence intensity
fluctuated up and down with the increase of aeration
pore central axis height, which is favorable for controlling the membrane fouling. In this study, the optimum aeration intensity was found to be 140 L/h, at
which the membrane fouling and concentration polarization phenomena could be weakened, and the
system operation costs could be reduced, which is a
relatively ideal aeration intensity. This study has provided experimental basis for optimizing and altering
hydrodynamics characteristics on membrane surface
to reduce membrane fouling.
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ABSTRACT

Water resources are affected firstly by environmental pollution. Water pollution not only affects
living aquatic biotas but also affects people through
food chain [3]. Although sand pits and sand extraction activities which contribute to the national economy, pollute water resources, disturb the land structure and negatively affect life [4].
With the extraction of sand, large ponds are
formed, underground waters are released and stream
flow regime is damaged, negatively affecting live in
the stream. The dust are formed during transportation, storage and processing of the removed material
and noise from work machines adversely affect human and animal healts. Land landscape aesthetics are
lost, meanderings are disappearing and topography
is changing with sand extraction activities. In addition, these activities damage the bridges, culverts
and art structures, leading to the removal of fertile
agricultural land [5].
The Karasu Stream is one of the most important
rivers for tarek (Alburnus tarchi, Guldenstead, 1814)
spilled into Van Lake. There are many human pollutants on the Karasu Stream. In this study, the physical, chemical and microbiological effects of water
quality on the sand pits area of KarasuStream were
investigated. Turkish, EU and WHO water quality
standarts were used in the evaluation of the results
and to propose solution proposals.

In this study, physical, chemical and microbiological parameters were analyzed in water samples
in order to determine the effects of sand pits and sand
extraction in Karasu Stream. The water quality data
were collected monthly between June 2014 and May
2016 from five sampling stations distributed along
the stream and 39 parameters were examined such as
dissolved oxygen, dissolved oxygen saturation, temperature, pH, electrical conductivity, flow, total suspended solids, turbidity, chlorine, calcium, magnesium, total hardness, carbonate, bicarbonate,total alkalinity, nitrate,nitrite, ammonium, ammonia, orthophosphate, total phosphor, sulfate, cyanide, silicon,
silicon dioxide, biological oxygen demand, chemical
oxygen demand, fluoride, fecal coliform, copper,
aluminum, zinc, chromium, manganese,iron, molybdenum, cobalt, nickeland sediment accumulation.
Turkish, EU and WHO water quality standarts were
used in the evaluation of the results. Sand pits, sand
extractions and the pollution caused by the settlement around the stream ruined the water quality of
the stream and threatened the lives of the fish living
in Karasu.

KEYWORDS:
Van, Karasu, sand extraction, sand pits, water quality, water pollution.

MATERIALS AND METHODS
INTRODUCTION

Karasu Stream, which source from the Turkey
Iran border, is poured into Van Lake from the Citoren Reeds to the north of the Van provincial center
[6]. In this study, five sampling points were chosen:
.DVÕPRJlu (where no sand pits were found), Gulsunler - Ablanges (where the sand pits are dense),
Tevekli - Zeve (the subsequent effect from the sand
pits) (Figure 1).
The water quality data were collected monthly
between June 2014 and May 2016 from five sampling stations distributed along the stream. The cold
chain was important in carrying water samples to the
laboratory and the water samples were stored at +4
°C until analyzes completion.

Water plays a vital role in agriculture, live
stock, forestry, industry, hydropower production,
fisheries and other activities, as well as being a
source of life for living [1].
Although the amount of usable water per person in Turkey is 1.650 m3 in 2005, it is among the
countries with water scarcity. It is reported by the
Turkish Statistical Institute that by 2030 the population will be around 100 million and the amount of
water available per person will be 1.120 m3/year. Depending on the increasing population, the consumption pattern will change and the pressure on the water
resources will increase [2].
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Dissolved oxygen (DO), dissolved oxygen saturation % (DOS), temperature (ºC), pH, salinity
Å  HOHFWULcal conductivity (EC) were measured
with the YSI Pro multimeter and turbidty was measured with the HACH 2100 Q turbidimeter. Global
flow rate probe was used for flow measurement.
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Regulation (WHCR) [14], Turkish Standarts (TS
266) [15], The European Union (EU) [16] and World
Health Organization (WHO) [16] was used to evaluate the results. All results were rated as two-year
mean (lowest-highest) and standard error.
In order to determine sediment accumulation
measurements were made in Gulsunler, Ablanges
and Tevekli. The special trays were used for this
measurements (Figure 2).

FIGURE 1
6DPSOLQJSRLQWVRI.DUDVX6WUHDP ,.DVÕPRJOX
II.Gulsunler, III.Ablanges, IV.Tevekli, and
V.Zeve)

FIGURE 2
Trays used for sediment measurements
(50x50x10 cm)

Calcium, magnesium, total hardness was determined with EDTA method, chlorine with Argentinometry (Mohr-Knudsen) method, and total alkalinity, carbonate and bicarbonate with HCI titration
method [7, 8]. Aluminum (Aluminon method,
HACH 8012), iron (Ferrover method, HACH 8008),
manganese (Periodate Oxidation method, HACH
8034), nitrite (Diazotization method, HACH 8507),
nitrate (Cadmium Reduction method, HACH 8039),
ammonia (Nessler method, HACH 8038), phosphor
(PhosVer 3 method, HACH 8048), zinc (Zincon
method, HACH 8009), sulfate (SulfaVer 4 method,
Hach 8051), copper (Porphyrin method, HACH
8143), chromium (1.5-Diphenylcarbohydrazide
method, HACH 8023), nickel and cobalt (1- (2Pyridylazo) -2-Napthol (PAN) method, HACH 8150),
cyanide (Pyridine-Pyrazalone method HACH 8027),
silicon (Silicomolybdate method, HACH 8185), fluoride (SPADNS method, HACH 8029), molybdenum (Mercaptoacetic Acid method, HACH 8036),
total suspended solids (TSS) (Photometric method,
HACH 8006) were analyzed with Hach-Lange DR
5000 spectrophotometer [9].
Biological oxygen demand (BOD) analyzes
were carried out for 5 days at 20 ºC with HACH
BOD Trak II and chemical oxygen demand (COD)
were analyzed with HACH LT 200 Thermoreactor,
HACH LCI 400 KOI Tests and HACH LANGE DR
5000 Spectrophotometer, [9, 10]. Fecal coliform
were determined using membrane filter set (TS EN
ISO 9308-1) [11].
The Water Pollution Control Regulation
(WPCR) [12], Surface Water Quality Obtained or
Planned to Drinking Water Regulation (SWQPR)
[13], Water Intended for Human Consumption

RESULTS AND DISCUSSION
In-situ measurements. The mean values of
DO, DOS, temperature, pH, salinity, EC, turbidity
total suspenden solids (TSS) and flow rate of water
samples are given in Table 1.
Temperature is mainly responsible for accelerating chemical reactions, solubility of gases, changes
in taste and odor [3]. The average values of DO, temperature, pH, salinity, EC, turbidity and flow rate of
water samples are given in Table 1.
In this study the average temperature was
measured as 12.6±0.7 (3.0-21.9) ºC. Temperature
values are in accordance with Turkish standards [12,
13, 15] and EU [16]. In another study on the same
river, average water temperature of 13.4 ºC was similarly measured with our study [17]. The average water temperature was measured as 12.3 °C in Akkopru
[18], 10.4 °C in Bendimahi [19], 10.88 °C in
Guzelkonak [20] and 9.53 °C in Delicay [21].
Low DO concentrations disturb water quality
and limit ecosystems and habitats [16]. This study,
average monthly DO and DOS values were determined as 9.7±0.2 (7.3-12.4) mg/L and 102.7±1.4
(87.3-110.8)%. The average DO values and DOS
values were within standard values [12, 16]. The
mean values of DO and DOS ranged from 12.91
mg/L to 152.8% in Bulakbasi Water [22] and from
6.77 to 8.82 mg/L in mean value of Omerli Dam
Lake [23].
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The pH plays an important role in the feeding,
development and reproduction of living things [8].
The pH is also the case for chemical reactions in the
water [16]. The average pH value was measured as
8.36±0.02 (8.24-8.47). These values are in accordance with Turkish standards [12, 14, 15]. It has been
reported that the Zilan, Ilica and Komurcu Creek
pours into Kockopru Dam Lake between 7.47-8.41,
7.71-8.39 and 8.04-8.67 respectively [24].
The salinity used to determine the mineral composition of the water is also defined as the total dissolved solids concentration [3]. The average salinity
value was 0.31±0.00 (0.27- Å7KHDYHUDJHVD
linity values in the studies were as follRZVÅ
in Karasu [17] and ÅLQ%XODNEDVÕ:DWHU>@
EC is closely related to the concentration of total dissolved ions and is often used in hydrological
studies to estimate the mixing ratio of different water
resources [25]. The mean EC average value in our
study was 518.0±8.7 (422.9-  ȝ6/cm. These
values are below the limit values in our country's water standards [13, 14, 15].
The average flow was 2.02±0.12 (1.24-4.14)
m3/sec in Karasu Stream. In other studies, mean
flows were reported as 0.66 m3/sec in Akkopru [18]
and 3.17 m3/sec in Guzelkonak [20].
Effects of turbidity levels on stream tend to increase during high flow discharge. It is important to
determine the amount of total suspended solids
(TSS) that can potentially cause water quality problems during these events [26]. In this study, average
turbidity and TSS values were 176.2±19.2 (36.5415.9) NTU and 212.5±21.8 (42.8-511.0) mg/L.
These values exceeded Turkish standarts values [14,
15]. In other studies mean turbidities were reported
to be 10.68 NTU at Bendimahi [19], 3.50 NTU at
Guzelkonak [20] and 17.10 NTU at Delicay [21],
while mean TSS at Ercis [27] was reported to be 0.33
mg/L. TSS values may not adversely affect between
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25-80 mg/L but may have an adverse effect on water
creatures above 80 mg/L [28].
Results of laboratory analysis.The titrations
results were given in Table 2. as Ca+2, Mg+2, total
hardness, HCO3 and total alkalinity. The mean chloride was determined as 23.3±0.5 mg/L (18.6-27.7)
and found to comply with Turkish standarts [12, 14,
15].
While the carbonate was not found in the samples, the average bicarbonate and alkalinity were
found as 600.5±5.3 (547.8-639.3) and 492.1±4.3
(449.0-524.0) mg/L.
The mean values of Ca+2 and Mg+2 for water
were 105.5±1.7 (82.4-123.6) and 77.8 ±0.8 (70.084.0) mg/L and 583.8±6.4 (503.2-634.4) mg/L for
total hardness. While calcium levels are below the
limit values, magnesium and total hardness limit values are exceeded [14]. The average Ca+2, Mg+2 and
total hardness values were reported as 31.0, 111.2
and 536 mg/L in Karasu [17].
The average results of the analyzes performed
on the spectrophotometer are given in Table 3 and
Table 4.
The nitrogen in the aquatic environment is ammonia (NH3), nitrate (NO3-), nitrite (NO2-) and ammonium (NH4) ions. NH4 is the most toxic form of
nitrogen for amfibia lives and is followed by nitrite
and nitrate [29]. The average nitrate and nitrite values were found as 3.4±0.1 (1.7-4.7) mg/L and
23.9±1.0 (14.1- ȝJ/Nitrate and nitrite values
are below the limits in Turkish standarts, EU and
WHO [13, 14, 15, 16]. The average nitrate and nitrite
values were reported as 2.34 mg/L and 23.27 ȝJ/LQ
'HOLoD\>@DQGPJ/DQGȝJ/LQ%X
ODNEDVÕ:DWHU>@7KH PHDQDPPRQLXPDQGDP
monia values were determined as 0.49±0.04 (0.180.67) and 0.52±0.05 (0.17-1.19) mg/L, while ammonium was below the limit values according to Turkish standards respectively [14, 15].

TABLE 1
Karasu Stream results obtained based in situ measurements
Months
June
July
August
Sept.
October
Nov.
Dec.
Jan.
Feb.
Mar.
April
May
Average

Temper.
(°C)
21.6
21.2
21.9
18.9
11.4
7.8
4.0
3.0
5.0
7.5
10.6
18.9
12.6±0.9

DO (mg/L)
8.1
7.3
8.4
7.9
8.4
10.6
12.4
12.1
10.8
10.7
10.8
8.8
9.7±0.2

DOS
(%)
110.8
100.5
104.2
94.1
87.3
100.0
106.4
110.1
105.0
99.2
109.8
105.4
102.7±1.4

pH
8.47
8.41
8.31
8.26
8.26
8.41
8.37
8.24
8.46
8.39
8.34
8.40
8.36±0.02
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EC
ȝ6FP
581.9
588.3
595.5
568.4
494.1
484.3
468.1
422.9
451.2
538.7
440.3
582.2
518.0±8.7

Flow
(m3/sn)
1.93
2.15
1.96
1.46
1.56
1.40
1.41
1.24
1.58
4.14
3.71
1.71
2.02±0.12

Turbidity
(NTU)
79.7
162.5
61.3
145.7
303.6
84.2
39.3
36.5
361.9
310.5
415.9
112.9
176.2±19.2

TSS
(mg/L)
129.0
182.0
89.4
167.1
285.9
92.5
65.1
42.8
404.3
430.7
511.0
150.3
212.5±21.8
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TABLE 2
Titrimetric analysis results in Karasu Stream
Months
June
July
August
September
October
November
December
January
February
March
April
May
Average

Cl(mg/L)
21.3
26.9
23.4
18.6
21.9
23.1
24.8
21.6
20.0
23.1
26.9
27.7
23.3±0.5

Ca+2
(mg/L)
82.4
95.4
109.0
110.4
95.4
101.2
107.2
107.8
123.6
108.7
106.0
98.4
105.5±1.7

Mg+2
(mg/L)
71.3
80.1
76.0
76.7
70.0
73.7
79.8
81.0
78.2
84.0
80.0
83.3
77.8±0.8

Hardness
(mg/L)
503.2
567.2
586.8
598.0
533.6
559.2
600.0
603.6
634.4
629.6
597.6
592.8
583.8±6.4

HCO3
(mg/L)
633.2
612.4
622.2
596.6
547.8
566.1
588.0
639.3
628.3
595.4
601.5
575.8
600.5±5.3

Alkalinity
(mg/L)
519.0
502.0
510.0
489.0
449.0
464.0
482.0
524.0
515.0
486.0
493.0
472.0
492.1±4.3

TABLE 3
Chemical analysis with spectrophotometer on Karasu Stream
Months
June
July
August
September
October
November
December
January
February
March
April
May
Average
Months
June
July
August
September
October
November
December
January
February
March
April
May
Average

NO3(mg/L)
2.9
2.4
3.5
4.4
4.7
1.7
4.0
4.4
3.5
3.6
3.6
2.7
3.4±0.1
CNȝJ/
11.00
15.10
7.40
9.50
7.90
10.60
12.45
4.55
2.65
10.35
4.10
6.50
8.51±0.80

NO2ȝJ/
27.3
21.2
29.1
27.5
31.2
32.0
20.0
27.0
14.1
17.8
23.3
16.7
23.9±1.0
Si
(mg/L)
10.1
13.3
10.9
12.3
13.1
10.6
12.3
14.2
11.7
26.1
8.0
12.2
12.9±0.6

NH4
(mg/L)
0.44
0.67
0.43
0.62
0.66
0.67
0.32
0.31
0.43
0.18
0.61
0.49
0.49±0.04
SiO2
(mg/L)
23.4
28.3
23.2
25.3
27.4
22.3
25.5
30.3
24.9
55.9
16.4
25.4
27.3±1.4

NH3
(mg/L)
0.42
0.85
0.41
0.50
1.19
0.63
0.30
0.29
0.41
0.17
0.60
0.48
0.52±0.05
BOD5
(mg/L)
3.25
4.91
4.95
6.21
5.82
5.86
5.13
5.94
10.81
11.17
8.58
8.84
6.79±0.37

PO4(mg/L)
0.28
0.26
0.29
0.31
0.25
0.24
0.21
0.21
0.23
0.22
0.18
0.15
0.23±0.01
COD
(mg/L)
4.78
7.22
7.28
9.14
8.56
8.62
7.55
8.74
15.90
16.43
12.61
12.99
9.98±0.55

P
(mg/L)
0.11
0.13
0.10
0.14
0.21
0.09
0.07
0.09
0.10
0.10
0.07
0.14
0.11±0.01
F(mg/L)
0.05
0.03
0.06
0.06
0.03
0.18
0.01
0.19
0.24
0.26
0.16
0.08
0.11±0.01

SO4
(mg/L)
20.8
19.3
22.8
20.9
17.7
20.4
23.5
24.2
25.2
25.0
13.5
22.2
21.3±0.6
Fecal coliform
(col/100mL)
86.8
172.0
738.8
821.0
558.6
851.6
276.9
526.3
169.4
996.9
519.8±93.7

The average sulphate value of the Karasu
Stream located in a volcanic geography is 21.3±0.6
(13.5-25.2) mg/L. The examples are below the regulations of Turkish and the limit values of WHO and
EU [13, 14, 15, 16].
Cyanide is a compound found everywhere in
industrial wastes. It is in the first rank on the list of
dangerous polluters since 1995 [31]. The average cyanide value was 8.51±0.80 (2.65- ȝJ/7KHVH
values are appropriate values according to our country regulations and EU and WHO [12, 13, 14, 16].

Phosphorus is involved in the structure of nucleic acids (DNA, RNA), phospholipids and phosphoproteins in living organisms [3]. The average orthophosphate and phosphorus values were 0.23±0.01
(0.15-0.31) and 0.11±0.01 (0.07-0.21) mg/L. Phosphorus values are included in the limit values in the
regulation [12, 15]. Total phosphorus concentrations
in rivers can be affected by changes in land use such
as agriculture, urbanization and forestry. Optimizing
the use of fertilization and managing fertilization can
reduce total phosphorus output [30].
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9DQZDVIRXQGWREHȝJ/LQWKHFHQWUDOGULQNLQJ
water [32].
The average silicon and silicon oxide ranged
from 6.8 to 42.0 and 14.0 to 90.2 mg/L, while the
average silicon and silicon oxide were 12.9±0.68 and
27.3±1.46 mg/L. The average silicon and silicon oxide reported 24.7 and 52.9 mg/L in Ercis [27] and 7.0
and 4.0 mg/L in Van [32], respectively.
BOD is a biological analysis procedure that
measures dissolved oxygen consumed by bacteria
during the decomposition of organic matter. COD is
the amount of oxygen consumed by inorganic compounds and organic compounds oxidized in water
[33]. The mean BOD5 and COD values were found
to be 6.79±0.37 (3.25-11.17) and 9.98±0.55 (7.2216.43) mg/L (Table 3), respectively, in compliance
with water pollution regulations.
High intake of fluoride with drinking water can
cause dental and skeletal fluorosis, infertility, brain
damage and thyroid dysfunction in humans [34]. The
average fluoride level in this study was 0.11±0.01
(0.01-0.26) mg/L. Fluoride values were determined
according to Turkish standarts, EU and WHO [12,
13, 14, 15, 16].
Total coliform organisms are a group of bacteria commonly found in nature. Bacterial groups are
found in humans and other mammalian intestines.
The presence of E. coli in water indicates fecal contamination in water [35]. The average fecal coliform
was 519.8±93.7 (86.8-996.9) colony/100 mL (Table
3). These values are not appropriate for Turkey to
regulate drinking water and according to WHO [14,
16]. Other studies have reported that there are 0 colony/100 mL fecal coliform in Ercis [27] and Van
[32] driking water.
The mean values of Cu, Al, Zn, Cr, Mn, Fe, Mo,
Co and Ni in heavy metal analyzes of Karasu water
samples were 00.2±0.0 μg Cu/L, 7.2±1.0 μg Al+3/L,
15.6±1.0 μg Zn/L, 21.2±0.9 μg Cr+6/L, 1.3±0.1 mg
Mn/L, 0.12±0.01 mg Fe+2/L, 1.9±0.1 mg Mo/L,
27.8±1.3 μg Co/L and 18.2±1.2 μg Ni /L respectively (Table 4). All value of heavy metal analyzes
were found to be appropriate for Turkey, EU and
WHO [12, 13, 14, 15, 16].

There are many activities on the Karasu Stream
that are polluting and damaging to the structure of
the river. There are various pollutants from these settlements because there is no infrastructure. The sand
extraction by licensed and unlicensed sand pits also
seriously demage the stream (Figure 3).

FIGURE 3
The base structure of the Karasu Stream and the
deterioration of the bed
The measurement results obtained in
Gulsunler, Ablanges and Tevekli for the determination of sediment accumulation in Karasu Stream are
given in Table 5. In the measurements made for three
days, the most sediment accumulation occurred in
Ablanges, where sand pits and extraction activities
were the largest. When first placed in the measurement tray, healthy eggs could not be opened due to
sediment accumulation at the last measurement, and
they lost their life (Figure 4).
It has been observed in The Van Lake Basin
that the sand pits were carried out on the edge of The
Karasu Stream, which generally passes through the
Bardakci, Otluca, Yumrutepe, Koprukoy, Gulsunler,
Ablanges and Arisu borders, and sand extraction
from the Hosap, Ilica, Karmuc and Zilan creek beds
in various studies. It has been reported in Karasu that
in 2003 and 2004, sand extraction from stream beds
caused collective mortality of tarek in May-June
[36].

TABLE 4
Heavy metal analysis results on Karasu Stream
Months
June
July
August
Sep.
Oct.
Nov.
Dec.
Jan.
Feb.
March
April
May
Average

Cu
ȝJ/
0.7
0.6
0.6
0.3
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2±0.0

Al+3
ȝJ/
0.5
12.9
14.1
19.4
10.4
14.5
1.6
1.2
0.0
0.0
7.8
4.6
7.2±1.0

Zn
ȝJ/
5.9
20.1
20.4
21.6
19.5
19.3
14.0
19.8
13.7
5.0
11.5
16.5
15.6±1.0

Cr+6
ȝJ/
21.8
24.8
13.8
15.4
18.5
29.8
28.1
25.0
20.3
12.2
22.7
22.4
21.2±0.9

Mn
(mg/L)
1.1
2.3
1.2
1.2
1.5
2.0
1.7
0.9
0.9
0.7
1.9
0.8
1.3±0.1
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Fe+2
(mg/L)
0.07
0.19
0.10
0.16
0.22
0.18
0.09
0.11
0.06
0.09
0.08
0.09
0.12±0.01

Mo
(mg/L)
1.7
2.2
1.4
2.6
2.3
2.4
2.6
1.3
0.7
0.9
3.2
2.1
1.9±0.1

Co
ȝJ/
34.7
27.5
28.1
29.4
27.6
28.1
28.2
24.9
33.4
28.9
23.1
20.2
27.8±1.1

Ni
ȝJ/
19.0
21.7
21.5
21.0
25.5
17.4
17.6
21.0
8.8
10.3
20.1
14.7
18.2±1.2
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TABLE 5
Sediment measurement results in Gulsunler, Ablanges and Tevekli (cm)
Days of measurement
Sampling stations
1st
2nd
1.15
2.32
2.14
2.92
1.10
2.22

Gulsunler
Ablanges
Tevekli

a

3rd
3.41
3.72
2.55

b

FIGURE 4
Sediment accumulation of different times in Gulsunler, a. sediment accumulation, b. eggs that died due to
sediment accumulation

FIGURE 5
The accumulation of sediment on eggs in
Ablanges

FIGURE 6
The effects of sediment deposition in a natural
environment, sediment accumulation on the
eggs still attached to the plant

It has been reported that extraction sand at the
,OÕFD &UHHN DQG EUHHGLQJ ZRUN DW WKH YLOODJH GH
stroyed the deep base structure of the fish and damaged the fish food resources and breeding grounds
[24].

In the natural environment of stream, tarek has
been observed to accumulate sediments on the ovules due to sand extraction at the time of reproductive migration and eventually death (Figure 5).
Karasu Stream which is the one of breeding regions of The Tarek, sand extraction reportedly posed
problems for tarek in these breeding environments
after the 1990s (Figure 6). It was determined that
TSS would close the eggs and result in death of adult
individuals and adherence to the gills of larvae that
can leave eggs and causing also the breakdown of the
bottom of the stream [37].
In another study sand extraction activities have
reportedly damaged the bedding structure, ecology
and water quality of stream, inhibited fish migration,
and caused fish reproduction and nutrition problems
[6].

CONCLUSION
While the turbidity and TSS values of the physical parameters exceeded the values specified in the
regulation, the temperature, oxygen and EC values
of the other physical measurements were found to be
appropriate values. The values of turbidty and TSS
are quite low in the upper parts of the stream where
there is no sand pits and sand extraction activities,
but these values have increased significantly in the
lower parts of the stream where the sand was taken.
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[9] HACH (2005) DR 5000 Spectrometer working
procedures, HACH-LANGEDOC 022.52.
00667 Düsseldorf.
[10] HACH, (2010) HACH BODTRAK II, HACHLANGE DOC022.94.90072 Düsseldorf.
[11] Tekbas, F. and Ogur, R. (2005) The Basic Water
Analysis Techniques. GATA Public Health, Ankara, Turkey, 64p.
[12] WPCR (2004) Turkish Water Pollution Control
Regulation. Turkish Official Gazette, no. 25687.
[13] SWQPR (2012) Surface Water Quality Obtained or Planned to Driking Water Regulation.
Turkish Official Gazette, no. 28338.
[14] WHCR (2005) Water Intended for Human
Comsumption Regulation. Turkish Official Gazette, no.25730.
[15] TS 266, (1997) Water Intended for Human
Comsumption, IGS 13.060.20 Turkish Standart
Institute, Ankara.
[16] Tebbutt, T.H.Y. (1998) Principles of Water
Quality Control. Chapter 2. 5th edition, Butterworth-Heinemann Elsevier, Oxford, UK, 288p.
[17] Sekerci, I. (2011) The Investigation of The Water Quality of Karasu (Mermit) Stream Inflowing to Lake Van. Master Thesis. Institute of Science, Van Yuzuncu Yil University, Van, Turkey.
[18] Canturk, N. (2007) The Investigation of The
Water Quality of The Akkopru Stream Inflowing to Lake Van, Turkey. Master Thesis. Institute of Science, Van Yuzuncu Yil University,
Van, Turkey.
[19] Bulum, B.O. (2015) A Study on Water Quality
Criteria of Bendimahi Stream In Van, Turkey.
Master Thesis. Institute of Science, Van
Yuzuncu Yil University, Van, Turkey.
[20] Bayram, M.S. (2016) Van Lake Flowing A
Study on Water Quality Criteria of Guzelkonak
(Arpit) Stream, In Gevas-Van, Turkey. Master
Thesis.Van Yuzuncu Yil University, Van, Turkey.
[21] Seyhan, Y. (2016) A Study On Water Quality
Criteria of Delicay Stream In Turkey. Master
Thesis. Institute of Science,Van Yuzuncu Yil
University, Van, Turkey.
[22] Sen, F. and Aksoy, A. (2015) Chemical and
Physical Quality Criteria of Bulakbasi Stream in
Turkey and Usage of Drinking, Fisheries, and
Irrigation. Journal of Chemistry. 2015, 1-8.
[23] Bayhan, H.,Erguven, G.O., Akkoyunlu, A. and
Kanat, G. (2017) The Assessment of Water
Quality In Omerli Dam Reservoir, Istanbul,
Turkey. Fresen. Environ. Bull. 26, 977-988.
[24] Elp, M.(2002) A Study on the Capoeta capoeta
(Guldenstead, 1772) and Chalcalburnus tarichi
(Pallas, 1811) Populations Living in the
Kockopru Dam Lake (Van-Turkey). Doctoral
Thesis. Institute of Science, Istanbul University,
Istanbul, Turkey.

Another problem that causes problems for stream is
fecal coliform results. Fecal coliform values are not
in accordance with Turkish standarts, EU and WHO.
Especially the settlement areas around the stream are
the infrastructure and the F Type Closed Prison at
Ablanges Sampling Point is the main source of pollution to leave the sewer to this point. The removal
of these negative factors is important for the water
quality of the stream and tarek for the breeding migratory.
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Aili Wang, Chuanchang Gao*
North China University of Water Resources and Electric Power, School of Electric Power, Zhengzhou, Henan 450045, China

of the world's total available water resources. For
China, with a population of 1.3 billion, per capita water resources is only about a quarter of the world's
average . The drainage area of the Yellow River basin accounts for 8% of the national land area, while
the river runoff accounts for only 2% of the total water resources in China. In recent years, with the development of economy and society and the acceleration of urbanization, the contradiction between supply and demand of water resources in the Yellow
River Basin has gradually become prominent. As
China's cotton and energy heavy chemical industry
base, the rational development and utilization of water resources in the Yellow River basin is particularly.important.
The scholars in China have studied the problem
of rational exploitation and utilization of water resources from different aspects.By discussing the
characteristics of water resources in the Yellow
River, Chen Jiwei [1] and Zhao Bingdong [2] et al
studied the related problems of Yellow River governance and water resources development and utilization and puted forword some countermeasures to
realize sustainable utilization of water resources in
the Yellow River basin;Chai Chengguo and Yao
Dangsheng [3] et al analyzed the effective ways to
realize the sustainable utilization of water resources
in the Yellow River Basin from the perspective of
water environment;Zhang Xiaotao [4] et al analyzed
the matchIng states of economic development and
water resources in the Yellow River Basin by using
the Gini coefficient from the industrial structure;Song Xiansong [5] analyzed the Characteristics
of distribution combination of water resources and
population, cultivated land and GDP in the southern
and northern regions of China.Moreover, in view of
the uneven distribution of water resources and water
pollution problems, he puted forward the corresponding solutions and measures;Gao Xueping [6] et
al came up with new ideals for the rational development and utilization of water resources in eco city
construction with the view of ecological water conservancy. Using the matching degree calculation
method based on the sequence of time and space Zuo
Qiting [7] quantified the calculation of the matching
degree of water resources utilization and economic
and social development, but the calculation index is

ABSTRACT
According to the statistical data of water resources of the Yellow River Basin in 2009 -2013, by
calculating the Gini coefficient of economic development factors of population, GDP and crops sown
area with water resources, the time evolution law of
matching relationship between water resources distribution, allocation and economic development factors in the Yellow River Basin was studied.The results showed that the matching relationship between
water resources distribution and economic development factors in the Yellow River basin was extreme
dismatched, but the degree of dismatching had
slowed down. The relationship between water resources allocation and population, GDP was relative
matching, and the matching degree with the area of
crop planting was highly matching,moreover ,the
matching degree was trended to increase. On the
other hand,by drawing the Lorenz curve of water resources and economic development factors of the 68
municipal administrative regions in Yellow River
Basin,the paper analyzed the differences of spatial
distribution of water resources in the the Yellow
River Basin .By analysing the difference , this paper
puts forward some principles of rational allocation of
water resources in the Yellow River Basin and some
suggestions to alleviate the shortage of urban water
resources.

KEYWORDS:
Gini coefficient, Water resources, Economic development
factors, Spatio-temporal matching, The Yellow River Basin

INTRODUCTION
Water resources have dual characteristics of
natural resources and economic resources. It is one
of the decisive factors to maintain ecological health
and influence regional economic and social development, so the rational development and utilization of
water resources is of strategic significance to regional development. The total amount of water resource in China is very rich, accounting for about 6%
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coefficient 0.4 is the warning line for the gap beWZHHQ³WKHULFKDQGWKHSRRU´7KLVSDUWLWLRQLVDOVR
used here: *WKHUHODWLRQVKLSEHWZHHQWKHGLVWUL
bution of water resources and the factors of economic development in Yellow River Basin is high or
absolute matching; 0.3˘* the relationship is
reasonable matching; 0.4˘*WKHUHODWLRQVKLSLV
UHODWLYH PLVPDWFKLQJ* WKH UHODWLRQVKLS LV H[
treme matching.

more single, which cannot fully reflect the regional
economic and social development situation.
This paper used the gini coefficience which was
used to examine comprehensively the fairness of income distribution, on the basis of analyzing the
matching degree of regional water and soil resources
by using Gini coefficient of domestic scholars, to analyzed the spatio-temporal matching degree of water
resources and economic development factors in the
the Yellow River basin, and the spatio-temporal differences of water resources distribution and allocation in the Yellow River basin are obtained. For further study ,considering environmental cost, the principle of sustainable utilization of water resources, the
combination of industrial structure of water resources allocation, and the promotion of water resources overall and inter regional coordination are of
great significance.

Regional Division and Factor Selection. This
paper selects 9 provinces (autonomous regions) of
the the Yellow River River as the research object,using regional water resources and water resources usage to reflect the matching characteristics in time of
water resources distribution and economic development factors in different regions,and taking 68 municipal administrative units in the Yellow River Basin as the research object (Table 1),to measure the
spatial matching degree between regional water resources and economic development factors.
The gross domestic product(GDP) is the main
target to measure the regional economic development, which is the result of the utilization of certain
resources by the residents of the region. In addition,
the agricultural irrigation water accounts for 67.96%
[9] of the total water consumption. Therefore, 4 major economic development factors, including regional population, gross domestic product (GDP),
crop sown area and water resources, are chosen to
reflect the matching of regional water resources allocation.

RESEARCH
METHODS AND DATA SOURCES
Research Methods. Gini coefficient was defined by Corrado Gini on the basis of relative average deviation in 1912, which was the main index to
measure the degree of uneven distribution of income
and other factors. Based on Gini coefficient, this paper constructs the matching relationship of regional
economic development factors between water resources and population, GDP, area etc. in the Yellow
River Basin, using trapezoidal area method to calculate,and the formular is as follows[8]:
Seting up revenue vector of n persons is
x,x=(x1,x2«xn),and the sum of the area of a series
of trapezoid under the Lorenz curve is ST.
ሺி ିி ሻሺ ା ሻ
ி 
்ܵ ൌ భ భ  మ భ భ మ   ڮ
ଶ
ሺிశభ ିி ሻሺ ାశభ ሻ
ଶ

ଵ

ଶ
ሺி ିிషభ ሻሺషభ ାሻ

 ڮ

ଶ
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Date Sources. In this paper, the studied datas
DUH IURP³&KLQD ZDWHU UHVRXUFHV EXOOHWLQ´³&KLQD
VWDWLVWLFDO \HDUERRN´ ,Province statistical yearbook
and Province water resources bulletin ,and part of the
missing data obtained by other indicators ,all is from
2009 to 2013.

ൌ

σିଵ
ୀ ሺܨାଵ െ ܨ ሻሺܮାଵ  ܮ ሻ (1)
where Fi is the cumulative frequency of Lorenz
curve ordinate index,Li si the cumulative frequency
of Lorenz curve abscissa index,and F0=L0=0.
According to the geometric meaning of Gini
coefficient:

ଶ

G

ANALYSIS ON THE GINI COEFFICIENT
OF WATER RESOURCES AND
ECONOMIC DEVELOPMENT
IN THE YELLOW RIVER BASIN

2 S A 1  2 ST

(2)
where SA is the enclosed area of the Lorenz
curve and the diagonal, bring formula (1) into formula (2) ,the calculation formula of Gini coefficient
is as follows:

Gini Coefficient and Time Difference Analysis of Water Resources and Economic Development Factors. In order to reflect the regional difference of the Yellow River Basin water resources distribution, the coordination relationship and spatiotemporal distribution characteristics of water resources allocation and economic development factors, based on the data of water resources in 9 provinces (autonomous regions) of the Yellow River Basin (as shown in table 2), the Gini coefficient of water resources and economic development factors in
the Yellow River Basin was calculated through the
evaluation indexes of population, GDP, crop sown
area, etc.,which was shown in table 3.

n 1

G 1  ¦ ( Fi 1  Fi )( Li 1  Li )

i 0
(3)
where Fi is the cumulative frequency of water
resources quantity (or water use amount) in the i urban area;Li is the accumulative frequency of various
economic development factors;where i is the municipal administrative regions in Yellow River Basin,and the value LV« According to the international income distribution practice. the Gini
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According to the above division method, Gini
coefficient 0.4 is the warning line of distribution
equilibrium degree, as can be seen from table 3, the
Gini coefficients of population, GDP, crop sown area
and distribution of water resources in the Yellow
River Basin all exceeded the warning line, and the
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data from 2009 to 2013 were all above 0.5, which
showed that the spatial distribution of water resources in the the Yellow River Basin showed the
characteristics of "extreme mismatch".Meanwhile, it
highlighted the basic situation of water shortage in
the Yellow River basin.

TABLE 1
Administrative divisions of the Yellow River Basin
Administrative
unit at provincial
level

Administrative unit at municipal level

Qinghai Province

Xining
city

Sichuan Province

Aba Tibetan and Qiang
Autonomous Prefecture

Gansu Province

Lanzhou
city

Ningxia Autonomous Region

Haibei
state

Huang
nan
state

Hainan
state

Guolu
o state

Yushu
state

Haixi
state

Baiyin
city

Tiansh
ui city

Wuyi
city

Pingliang
city

Qingyang
city

Ding
xi
city

Linxia
state

Yinchuan
city

Shizuishan
city

Wuzho
ng city

Guyua
n city

Inner Mongolia
autonomous region

Hohhot
city

Baotou
city

Wulanchab
u city

Ordos
city

Bayan
nur
city

Wuha
i city

Shaanxi Province

Xian city

Tongchua
n city

Baoji
city

Shanxi Province

Taiyuan
city

Datong
city

Henan Province

Zhengzhou city

Shandong Province

Jinan city

Haidong
area

Alxa
Leag
ue
Anka
ng
city
Jinzhong
city

Yana
n city

Yulin
city

Yangq
uan
city

Xianyang
city
Chang
zhi
city

Jincheng
city

Shuozhou
city

Kaifeng
city

Luoyang
city

Anyang
city

Xinxi
ang
city

Jiaozu
o city

Puya
ng
city

Zibo city

Dongying city

Jining
city

Taian
city

Laiwu
city

Dezh
ou
city

Shangluo
city
Yuncheng
city
Sanmenxia
city
Liaoch
eng
city

Gannan
state

Yangling
district
Xinzhou
city

Linfen
city

Lvlia
ng
city

Hez
e
city



Jiyuan
city
Binzhou
city

TABLE 2
The distribution and allocation of water resources in the provinces and cities of
Yellow River Basin in 2009-2013
Water resources quantity
Year
2009
2010
Re4938.8
4938.8
gion
Shanx
85.8
85.8
i
Inner
Mon378.1
378.1
golia
Shan285
285
dong
Henan 328.8
328.8
Si2332.2
2332.2
chuan
Xianx
416.5
416.5
i
Gansu 209
209
Qing895.1
895.1
hai
Ning8.4
8.4
xia

2011

2012

2013

Water resources use amount
2009
2010
2011

2012

2013

5372.6

5046.9

5612.2

1203.9

1220.7

1231.4

1231.4

1271.9

91.5

124.3

106.2

56.9

56.3

63.8

63.8

73.4

388.5

419

510.3

175.8

181.3

181.9

181.9

184.4

309.1

347.6

274.3

219.9

220

222.5

222.5

221.8

534.9

328

265.5

227.5

233.7

224.6

224.6

238.6

2575.3

2239.5

2892.4

207.6

223.5

230.3

230.3

245.9

507.5

604.4

390.5

85.5

84.3

83.4

83.4

88

215.2

242.2

267

122.2

120.6

121.8

121.8

123.1

741.1

733.1

895.2

34.4

28.8

30.8

30.8

27.4

9.3

8.8

10.8

74.2

72.2

72.4

72.4

69.4
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TABLE 3
The Gini coefficient of water resources and economic development factor in the
Yellow River Basin in 2009-2013
The gini coefficient of water resources distribution and economic
develpoment factors
Year
2009
2010
2011
2012
2013
Population
0.564
0.568
0.53
0.502
0.528
GDP
0.637
0.631
0.59
0.573
0.638
crop sown area
0.582
0.582
0.54
0.542
0.606
water resources
-

The gini coefficient of water resources allocation and economic develpoment factors
2009
2010
2011
2012
2013
0.218
0.225
0.222
0.222
0.212
0.29
0.283
0.273
0.27
0.266
0.158
0.153
0.154
0.149
0.137
0.503
0.491
0.454
0.45
0.502

state of "extremely unmatched", and this phenomenon tended to expand. Relevant data showed that
17.73% of the water resources in the Yellow River
Basin needed to serve 81.13% of its cultivated land
area [4].The Gini coefficient of water resources allocation and crop sown area in Yellow River Basin
fluctuated around 0.15, less than the Gini coefficient
of water resources allocation and GDP,and was in
"highly matched" state, and the index decreased year
by year.It showed that in recent years, as the base of
grain and cotton in our country, all the administrative
regions in the Yellow River Basin have paid attention to economic development and inclined their agricultural production in the allocation of water resources to ensure the normal supply of water resources.
(4)The Gini coefficient of water resources allocation and distribution fluctuated around 0.48,which
indicated that the water resources allocation in regions of the Yellow River Basin had been in a state
of extreme mismatch compared its distribution. In
addition, from the Gini coefficient of population,GDP,crop sown area and water resources distribution and allocation from 2009 to 2013, it can be
seen that the distribution of water resources in the
Yellow River Basin was not the most important factor affecting the allocation of water resources. There
was a big difference between the supply and demand
of water resources in different regions, and there
were many water resources allocation across regions.
Due to different water resources technical conditions
and the fluctuation of the total water resources in
each region, the overall water resources allocation in
the the Yellow River basin also fluctuated.

(1) From the Gini coefficient of water resources
distribution and population, the Gini coefficients
were all above 0.5, but with a decreasing tendency,
which showed that the population and water resources distribution of the Yellow River basin was
extremely mismatched, but it was somewhat
slow;The Gini coefficient of water resources allocation and population fluctuated around 0.22 which
was D³UHODWLYHPDWFK´VWDWH.Compared with the Gini
coefficient from 2004 to 2009,the average Gini coefficient 0.457 of China's overall water resources allocation and population had been greatly improved,which indicated that ,with the shortage of water resources appeared ,the rational utilization of water resources and the cross regional flow of water resources implemented in various regions had
achieved good results .
(2)From the Gini coefficient of water resources
distribution
and
economic
developmemt
level(GDP),the coefficience fluctuated around 0.614
and was a ³extremely mismatched´ state,which indicated water resources distribution and economic development level in Yellow River basin was extremely dismatched. The Yellow River basin as a important energy heavy chemical industry and grain
base made a great contribution in China's economic
construction. However, in recent years, the shortage
of water resources has been restricting the rapid development of the Yellow River basin economy. As
can be seen from the dates, Shandong province had
created 34.4 percent of the Yellow River's GDP, with
only 5.8 percent of water resources. The Gini coefficient of water resources allocation and GDP fluctuated a little, between 0.26 and 0.29 ,and it decreased
year by year, indicating that water resources allocation was in a "relative match" state with GDP. The
rapid economic development and market-oriented
water resources allocation resulting in the degree of
regional differences in water resources to expand the
problem. With the mitigation and improvement of
inter regional water transfer and local water resources allocation, at present, the allocation of water
resources in each province of the Yellow River river
basin can meet the needs of local GDP growth.
(3)The Gini coefficient of water resources distribution and crop sown area were greater than 0.5,
reaching 0.606 by 2013,which indicated that the natural distribution of water resources and the cultivated
land resources in the Yellow River Basin were in a

Analysis on Lorenz Curve and Spatial Difference of Water Resources and Various Elements. Because of the smaller changes from 2009 to
2013 data, according to the cumulative percentage of
water resources and the cumulative percentage of elements of economic development of the 68 municipal administrative areas of the Yellow River Basin,
taking the year of 2012 as the representative year,the
paper made the lorenz curves of water resources distribution and allocation in the Yellow River Basin
and various economic development elements, and
made a compared analysis. As shown in Figure 1 and
2.
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FIGURE 1
Lorenz curve of water resources allocation to economic development elements in 2012

FIGURE 2
Lorenz curve of water resources distribution to economic development elements in 2012
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was a big difference in the distribution and allocation
of water resources in the Yellow River Basin. Therefore, the allocation of water resources between regions can effectively alleviate the differences in water resources distribution in different regions and
promoted coordinated and sustainable economic development. In addition, the rapid development of urbanization, imbalances in economic development,
and differences in crop cultivation and irrigation
methods had led to the unstable development of the
matching degree of water resources and economic
development,and it is also necessary to arrange the
rational utilization of water resources in different regions of the the Yellow River basin.

As can be seen in Figure 1, the Lorenz curves
of water resources allocation and population,
GDP,crop sown area were close to the diagonal,which showed that the allocation of water resources and economic development in the the Yellow River Basin were in a spatial matching situation.
The slope of each point gradually changeed, indicating the differences of water resources for population,
GDP and crop sown area in different regions was
universal. The reason was that with the further expansion of urbanization, the population continuing to
gather in the economically developed areas and the
increase of the floating population, there will be water shortages in some cities, and even a good match
between current water allocation and population
would be broken; The proportions of the three major
industries in different regional economies were different. It was this imbalance in economic development that leaded to differences in water consumption
in different regions. As the economy continued to develop, the differences will continue to change. It can
be seen from the data, relatively speaking, the water
resources utilization efficiency of Shaanxi, Inner
Mongolia , Henan and parts of the Municipal Administration was higher, using less water resources to
create a huge economic income. For example,Yulin,a city of Shaanxi ,using 1% of water resources to
create a 3% of GDP in the the Yellow River basin,but
Linxia of Gansu used 1.4% of its water allocation to
create less than 0.2% of GDP.In addition, due to the
different crop cultivation and irrigation methods in
different regions, different water needs were formed.
For example, the wuhai of Inner Mongolia,Hylo state
and Haixi state of Qinghai province,etc. the proportion was relatively low, while Guyuan of Ningxia
province , Shangluo city and Yanan city in Shanxi
province, etc.the proportion was relatively high.
As can be seen in Figure 2,the bending degree
of the Lorenz curve of water resources distribution
for population, GDP and crop sown area was
larger,and farther from the diagonal line,which indicated the distribution of water resources in the Yellow River basin was not matched with economic development. The drastic changes in slope indicated
the spatial differences in the distribution of water resources. Compared the lorenz curve of water resources allocation relative to economic development
factors. After allocation, the distribution of water resources relative to population, GDP and crop sown
area in the the Yellow River Basin was more rational,
indicating that water resources mobilization existed
among different regions.In addition,the lorenz curve
of water resources distribution and water resources
allocation was farther from the diagonal line, and the
slope of each distribution point had great difference
and volatility, which fully reflected the differences
between water resources distribution and water consumption in different regions, and the spatial difference of water resources distribution.
Through the above analysis, we know that there

CONCLUSION AND DISCUSSION
At present, all regions are in the period of rapid
economic development, so promoting the rational
development and utilization of water resources, and
coordinating the relationship between water resources and economic development are of great significance for the sustainable development of regional
economy.The paper used Gini cofficience to analysys the law of evolution in time and spatial differences of matching relation of water resources distribution ,water resources allocation and economic development elements,which provided preparation to
promote the overall and inter regional coordination
of water resources, and to meet the ecological environment and water demand in all aspects of production and life, and finally to promote the coordinated
and sustainable development of economy and ecology.
The Gini coefficient of water resources distribution and economic development from 2009 to
2013 showed that the matching relationship between
water resources distribution and population, GDP
and crop sown area in the the Yellow River Basin
was in "extremely mismatched" state; The matching
relationship between water resources allocation and
population and GDP in the Yellow River Basin was
"relative matching", and the matching relationship
with crop sown area was in "highly matching" state,
which showed that the distribution of water resources would had certain non deterministic effects
on population distribution, economic development
and sown area of crops; Economic development,
population, water resources distribution and agricultural water use were the key factors affecting the allocation of water resources; The Gini coefficient had
a trend of slow decrease, which showed that the rational allocation of water resources in different regions had played a good effect. From the analysis of
Lorenz curve of water resources distribution and
economic development factor in 2012, there was
great difference in spatial distribution of water resources in the Yellow River Basin, Water resources
were mainly distributed in two provinces of Qinghai
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[5] Xiansong, S, Peiji, S., Rong, J. (2005) Analysis
on the Contradiction between Supply and Demand of Water Resources in China Owing to
Uneven Regional Distribution. Arid Zone Research. 22(2), 162-166.
[6] Xueping, G, Guangtao, C. (2007) On ecological
oriented city and modernization of water resources utilization. Shuili Xuebao. 38(11),
1306-1311.
[7] Qiting, Z., Heng, Z., Junxia, M. Chao, Z. (2014)
A Calculation Method and Its Application on
the Matching Degree of the Water Resources
Utilization and Socioeconomic Development.
Advances in Science and Technology of Water
Resources. 34(11), 1-6.
[8] Xingjian, H. (2008) The Theoretical Research
on Gini Coefficient. Economic Science Press,
Beijing, 5 and 30.
[9] Liu, Y. (2002) Study on Measurement of Irrigation Water Utilization in Tianjin Municipality.
Beijing: Chinese Academy of Agricultural Sciences, 1-7.
[10] National Bureau of Statistics of China. (2009)
China Statistical Yearbook. Beijing: China Statistics Press. 2014.
[11] Ministry of Water Resources of the People's Republic of China. (2009) China Water Resources
Bulletin. Beijing: China Water Conservancy and
Hydropower Press. 2013.
[12] Yuansheng, Z. (2015) The Road of Sustainable
Developmemt of Water Resouces. Advances in
Sciencce and Technology of Water Resources.
35(1), 54-56.
[13] Baoxing, C. (2015) The Connotation, Approaches and Prospects of Sponge City. Water
Supply And Drainage. 41(3), 1-7.

and Gansu in Northwest China.Among them, Qinghai occupies 71 .945 billions cubic meters, accounting for 30% of the total water resources in the the
Yellow River Basin, while the water resources in the
Ningxia Hui Autonomous Region account for only
0.32% of the total water resources in the the Yellow
River Basin; After the allocation of water resources,
regional balance changed a lot on the whole.
Realize the planning and management of the integration of water resources and environment and ensure the adaptability, soundness and comprehensiveness of water resources allocation was a reasonable
prospect for water resources development and utilization in the future [12] . To promote the sustained
and healthy development of regional economy and
society, it should be in the regional environmental
capacity range. According to the distribution characteristics of water resources in the region, with the
purpose to meet the needs of social production and
people's life water demand, and adhering to the principle of fairness, the allocation of water resources
was carried out within the region and between regions.In addition, Urbanization and a large number
of natural ground hardening, natural precipitation
cannot directly penetrate the surface into the hydrological cycle, but also indirectly caused by urban waterlogging and other natural disasters. The construction of the sponge city [13] is the future direction of
urban development, focusing on rainwater collection
and restoration of the natural hydrological cycle.
Sponge city can not only solve the problem of urban
drainage, but also can ease the status quo of urban
water shortage.
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FUNCTIONING OF LOW LIFT PUMPING STATIONS ON
POLDERS ± A CASE STUDY OF ZAGOROW, POLAND
Michal Napierala*, Jerzy Bykowski, Czeslaw Przybyla, Karol Mrozik
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ABSTRACT
Low lift pumping stations operate primarily
within the system of embankments of rivers and reservoirs. Depending on the functions they serve, they
can be divided into water table stabilisation pumping
stations, drainage pumping stations, flood control
pumping stations, and storm pumping stations. One
function of this type of pumping station is transfer of
water to the nearest water body (a river, lake, or sea).
The pumps used in them are characterised by high
capacity and, at the same time, low lift. Based on the
available data concerning the functioning of the
Zagórów pumping station, the characteristics of similar facilities, especially those relating to low lift
pumping stations, are presented in this paper. Due to
their characteristics, such facilities are both difficult
and expensive to operate. The lack of sufficient information about the condition of a pumping station,
resulting from the absence of well-maintained monitoring, is a serious issue in this respect. It causes major difficulties when making rational decisions on
further operations of such facilities. The present
analyses are based on information including the
working time, the number of used pumps, and water
levels on inlet and outlet sides. The data used in the
study are from the period 1991±2013. The conclusion of the analyses is that drainage pumping stations
are usually oversized. This may be due to the fact
that the geometric difference between the outlet and
inlet water level undergoes frequent changes, which
requires pumps to manage the high pumping lift.
Therefore, it is frequently impossible for the pumps
to work efficiently in this kind of facility. The example of Zagórów shows that it is necessary to upgrade
the pump units, which were installed more than two
decades ago, to address current needs. It should also
be pointed out that the basic pump system parameters ought to be adequately monitored. These include
electricity consumption, capacity consumption, and
water levels on the upper and lower sides. It was
found that the optimization of pumping station operation only taking into consideration these parameters
makes it possible to reduce operating costs considerably despite the uncertainty associated with hydrometeorological conditions.

INTRODUCTION
The main purpose of drainage pumping stations
is to drain the excess water from the areas where its
natural, gravitational outflow is impossible for any
reason or has been considerably compromised. This
is particularly true for depressions and endorheic basins, as well as areas which have been artificially isolated with levees or as a result of building a reservoir.
At present, drainage pumping stations more often
than not constitute an element of flood protection rather than rational water management [1, 2, 3]. Such
structures, which are usually situated at outflow
points, are a common sight in valley areas, and have
an effect on the water management of the whole area
at the same time. Drainage pumping stations in these
areas essentially play two roles. The first one is flood
protection consisting in draining excess water which
sits in flooded areas to a receiving body (usually a
river). The second one is to regulate soil humidity
through drainage systems with a view to adapting
land to agricultural usage [4, 5, 6, 7, 8, 9, 10]. The
issues related to the functioning of this type of facility are primarily dependent on the properties of the
rotodynamic pumps used, and the fact that drainage
pumping stations often work in hydro-meteorological conditions which are changeable and often difficult to forecast [11].

MATERIALS AND METHODS
This paper presents an analysis of more than 20
years of the operation of the polder drainage pumping station in Zagórów, with the primary objective of
presenting the problems facing the service providers
responsible for maintaining this type of facility. The
facility under scrutiny, polder VI Zagórów, stretches
alongside the Warta River for about 7 km between
the villages RI=DJyUyZDQG6áDZVN,WKDVDQDUHDRI
1,180 ha, and is situated in 6áXSFD&RXQW\ around 25
km from Konin, as shown in Figure 1.
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FIGURE 1
Study site and location of pumping stations
reservoir (probability p=0.5%).
Taking into account inlet water level (IWL),
outlet water level (OWL) and delivery line axis level
(DL), maximum geometric ranges of water level
(Hg) for the pump system in question were established:
x operating conditions (77.55 > OWL >
75.50)
Hg1ĺ 77.55 - 76.20 = 1.35 m (pipeline axis
level, automatic pump switch on);
Hg2ĺ 77.55 - 75.50 = 2.05 m (pipeline axis
level, automatic pump switch off);
Hg3ĺ 77.55 - 73.70 = 3.85 m (pipeline axis
level, minimum level in receiving reservoir)
x operating conditions (78.82 > OWL >
77.55)
Hg4ĺ78.81 - 76.20 = 2.61 m (water level 0.5%,
automatic pump switch on)
Hg5ĺ78.81 - 75.50 = 3.31 m (water level 0.5%,
automatic pump switch off).
On this basis, the maximum geometric range of
water level at which the pump will operate was determined. The values range from 1.35 to 3.85 m for
different conditions, as shown in Figure 2.
Hydraulic losses in the pump system (dynamic
head) were determined on the basis of the quantity
and type of fittings in accordance with the EN ISO
9906 standard. For calculations of linear losses, a
steel DN800 pipeline with a length of L=44 m was
assumed; for local losses, fittings (a compensator, a
valve and a return flap valve) were taken into consideration. Total dynamic head (HDYN) in the pipeline was established with the formula:

The Zagórów pumping station, like the majority of other drainage pumping stations in Poland, was
GHVLJQHG LQ DFFRUGDQFH ZLWK WKH JXLGH ³'UDLQDJH
pumping stations. Establishing reliable capacity of a
SXPSLQJ VWDWLRQ DQG JHRGHWLF KHDG´ >@ ,Q OLQH
with the guide, the pumping station in question has
been equipped with four 80P17-5SK axial-flow
pumps produced by Warszawska Fabryka Pomp
with nominal parameters: QN= 1.29 m3·s-1; HN= 5.11
m; n= 592 turns/min; P2= 110 kW. The pumps were
selected on the basis of the water level difference between the lowest water level in the inlet (the lower
reservoir) Hmin and the highest water level in the outlet (the upper reservoir) Hmax, and the sum of hydrauOLFORVVHVLQ WKHSLSHOLQHhstr. In order to establish
the system capacity, geometric altitude ranges were
established by analyzing the following characteristics:
x inlet water level (IWL):
= 73.70 the switch-off level as set in the pumping station project,
= 75.50 the current switch-off level,
= 76.20 the current switch-on level,
= 76.57 the maximum level (as set forth in the
water law)
x delivery line (DL):
= 77.15 delivery line axis at pump/pumping station outlet,
= 77.55 upper inner water level of the delivery
line or max. DL point (DL axis + 1/2 DN800),
= 75.67 DL axis at outlet to receiving reservoir;
x outlet water level (OWL):
= 74.04 receiving reservoir bed,
= 76.09 upper part of DL in receiving reservoir
section (complete submersion of DL)
= 78.81 maximum water level in receiving

்
ܪே ൌ σ ݄௦௧


where:
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KTstr ± total value of losses in the pipeline [m],
c ± velocity of flow [m·s-1],
ȡ ± liquid density [kg·m-3],
g = 9.80665 [m·s-2],
Superscripts:
S ± suction line
T ± delivery pipe
Subscripts:
g ± upper reservoir
d ± lower reservoir
In the case of drainage pumping stations where
axial-flow, diagonal and mixed-flow pumps are utilised, due to a serious risk of cavitation [13], suction
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pipelines are usually not used; therefore, suction
losses were kept out of the equation (1). In order to
establish the correct vertical head and ascertain
whether a given pump system is operating at optimal
efficiency, one needs to know the frequency curve
for water duration in the reservoir [14].
The frequency curve and the duration of the
conditions that can determine the pump operations
were drawn up on the basis of the measurements of
water levels over a 20-year period of the pumping
station operations (1994±2013). The information
forms a basis for establishing the operation values of
the geometric water level.

FIGURE 2
Longitudinal section of the pumping system in Zagórów, ordinates marked

FIGURE 3
Specification of the pump system of one of the pumps in the Zagórów pumping station
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basis to calculate the pumping station capacity. This
parameter represents the difference between the
maximum water level on the inlet side and the minimum allowed water level on the outlet side. This situation is shown in Figure 4.
The curves also allow one to determine the water elevation value, which is predominant throughout
the year [14]. It is common practice that a design engineer selects pumps to match their capacity to the
maximum value of the geometric elevation (HGEO),
which is not always rational from the economic point
of view. In reality, the allowed maximum pump
workload is determined by the difference between
the maximum level at the outlet side and the maximum level at the inlet side. This is corroborated by
various sources [8, 22]. The maximum lift must be
determined accurately, because if estimated too low
the capacity of the plant is likely to be inadequate
during floods [23]. This is mainly due to the characteristics of the axial flow pumps, which reach full
load at maximum head. This makes it impossible to
overload the pump unit [11].
In the case of Zagórów, the static head (HSTAT)
results from the absolute difference between the outlet water level (OWL), delivery line level (DL) and
inlet water level (IWL). In effect, the pumps had to
overcome additional height stemming from the delivery line level (DL) while pumping water to a
higher vertical alignment. The lack of possibility of
using a siphon caused the pumps to consume more
electricity than necessary in certain HGEO ranges [24,
25]. It is also important to point out that designing
drainage pumps to match the maximum HGEO value
guarantees optimal performance only in extreme water level ranges between the upper and the lower reservoirs. Outside of these ranges, the pump operating
point moves to the right on the system characteristic
curve, its capacity increases

RESULTS AND DISCUSSION
Transferring water to a receiving reservoir,
most frequently a sea, a river or other water course,
is the main task of a drainage pumping station. The
water level in the supplying reservoir (outlet water
level) is usually higher than the level in the receiving
reservoir (inlet water level); otherwise, the utilisation of a pumping station would be irrational from
the energetic point of view. In extreme cases, the geometric difference in water levels (HGEO) between
the receiving and supplying reservoirs can reach a
few metres [15]. Usually, the differences are small
and do not exceed 1 metre. The maximum geometric
water level (HGEO) in the Zagórów pumping station
was designed to be 5.11 m (78.81-73.70). Ultimately, it was established that the pipeline characteristic (HU) equals the sum of:
ܪ ൌ ܪௌ்்  ܪே (2)
where:
HSTAT=HGEO
For nominal parameters, it was established that
HU (2) equals 5.22 m, where HGEO is 3.85 m
(HGEO=77.50-73.70), and the calculated losses in the
pipeline HDYN, at efficiency QN=1.29 m3/s, equals
1.37 m. The characteristic points for the pumps on
the characteristic curve of installation H(Q) are
shown below in Figure 3.
The pump foundation level is decided based on
the lowest inlet water level. In the literature [16, 17,
18, 19, 20, 21] it is suggested that the foundation
level of different pumps should vary and their capacity should be matched individually to their working
conditions in the case of pumping stations with a
changeable work regime, thanks to which the pump
operating point will correspond to its optimal operating range. The water level in the outflow forms a

FIGURE 4
Frequency curves and water level duration summary curves at pump inlet and outlet side
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example when it is necessary to lower the water level
in the polder quickly in order to conduct agro-technical work. In such a case, the pumps support gravitational runoff.
The exact pumping station operation time was
established on the basis of the distribution of frequency and probability of pumping. The conducted
analyses showed that out of two functions describing
the frequency of pumping, a lognormal distribution
describes this phenomenon better than an exponential distribution. This is shown in Figure 6.
The conformity test of the tested variable distribution with a selected theoretical distribution is
presented in Figure 7, on the probability-probability
diagram.
Similar results were obtained, among others, by
Bala, Wróbel and Kaczorowski [22, 26, 27], who
conducted research on the pumping stations of
Polish Western Pomerania. The distribution of probability (frequency) of the pumping station work indicates that more than 50% of the pump operation
happened between 0 and 10 cm of elevation increase.
The maximum difference between the inlet and outlet water levels has only been recorded once in the
\HDUVRIWKHSXPSLQJVWDWLRQ¶VRSHUDWLRQ7KHGLI
ference was only 134 cm compared to 331 cm in the
project. At that time, the maximum water level in the
Warta River reached 77.47 m above sea level. It
should be mentioned that the maximum 2% water
level is 77.69 m above sea level [28]. The Zagórów
pumping station was designed for p=0.5% water
level at 78.81 m above sea level. This means that the
facility under scrutiny belongs to class III of hydrotechnical structures [29].

and, at the same time, its power decreases. As a result, the pumps are more productive, which is a positive consequence from the perspective of the operator, although the pump motor is under load. From the
point of view of reliability and efficiency of the
whole pump system, such a situation is undesirable.
Additionally, there is a problem of reactive power
compensation, whose consumption exceeds the allowed threshold by 40%.
The analysis of the Zagórów pumping station
established that the majority of pumping instances
(52%) were justified from the technical point of
view, given the conditions, i.e. in the periods when
the water level on the inlet side HIWL is lower than
the water level on the outlet side (HOWL), so in the
situation when HIWL < HOWL. This happens when the
water in the lower reservoir (inlet side) does not have
the possibility of gravitational outflow as a result of
the high water level in the upper reservoir (outlet
side), which requires mechanical intervention.
Moreover, the pumps operated in the conditions
when the outlet water level HOWL was equal to the
inlet water elevation HIWL ĺ HIWL = HOWL. The total
number of pumping instances at these parameters
was 28% of the total amount of work performed. The
period can also be calculated from the difference in
the areas under water level duration curves at the
supply and receiving reservoirs, as shown in Figure
4. For the rest of the time, the pumps transported water. The results of these observations are shown in
Figure 5. From the economic point of view, the
pumping station operation is unjustified when
HIWL>HOWL, although it might be necessary in some
cases. This may happen in certain circumstances, for

FIGURE 5
Pumping station performance and its relation to inlet water level (H IWL) and outlet water levels (HOWL)
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FIGURE 6
Probability of HGEO number of events happening while pumping

FIGURE 7
P-P diagram: operating frequency in relation to the geometric difference in elevation, and parameters describing to what extent the functions match empirical data
before the construction of the Jeziorsko reservoir
were used when designing the pumping station. Its
influence on hydrological conditions beneath the
structure, therefore, was not taken into account. One
of the effects of constructing the Jeziorsko reservoir
ZDV³IODWWHQLQJ´SHULRGLFDOKLJKZDWHUVWDJHVLQWKH
Middle Warta valley and lowering the water level by
almost 30 cm, which is mentioned by, among others,
Przedwojski [30], and Malinger and Przedwojski
[31].
Any activities aiming at modernising the pumping stations operating in that area would require taking into consideration this important element,

Originally, the pumping station was supposed
WRVXSSRUWWKHRSHUDWLRQVRID³VWDWHDJULFXOWXUDOHQ
WHUSULVH´ 3ROLVK 3*5  LW ZDV SURMHFWHG WKDW WKH
whole polder would operate together with a system
of artificial irrigation facilities and trenches. The
works, however, were abandoned, and what are left
of the planned investment are embankments and the
pumping station [26]. As a result of damming the old
bed of the Czarna Struga river, the pumping station
was additionally relieved from the task of draining
water directly into the Warta River. On top of this,
the pumps were oversized as a consequence of miscalculations. It should be noted that the data from
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1998, 1999, 2001, 2002, and 2011. This situation is
shown in Figure 8.
Between the years 2009 and 2012 the pumping
station did not operate at all, only necessary maintenance commissioning to sustain the initial design integrity of the pumps was carried out. It was also
noted that in the driest years, 2003 (294 mm precipitation) and 2012 (360 mm precipitation) there were
no pumping events. The research has also shown an
increase in the levels of precipitation in the period
between 2004 and 2013 by an average of 52 mm in
comparison with the period between 1994 and 2003.
Average water levels on the River Warta were observed to be on average 15 cm lower. Also, the daily
pump operating time distribution decreased by half.
Subsequently, an analysis of monthly pumping frequency distribution was conducted. It is shown in
Figure 7. On its basis, it was concluded that the
pumps operated mainly in the winter half year, i.e.
November to April. The period accounted for almost
80% of the total pumping station operating time.
Further analyses of the pumping station operation
relative to the selected hydro-meteorological parameters showed that:
- most pumping station idle time happens in
summer months, mainly during the months with the
highest total monthly precipitation (July and August);
- most pumping station operation happens in
winter months, during water surges (January±February) and plant growth (March±April);
According to Rychlicki et al. [36], precipitation
causes surface runoff, which in turn influences the
water table level. The two phenomena are not always
necessarily correlated, especially in valleys.

especially given the fact that flood wave peak duration is very short. Based on the information from the
previous flood in 2010, the wave peak lasted for less
than 2 days [32]. The measured maximum water
level in the investigated gauge section in the locality
RI/ąGZDVS PDERYHVHDOHYHO7KHUH
fore, attention should be given to diminishing the effect of a sudden run-off of water from the polder. It
is important also because the middle section of the
Warta Valley has been subject to natural restoration
since 2006 as part of environmental restoration of the
YDOOH\EHWZHHQ/ąGDQG=DJyUyZ6FLHQWLVWV>4,
35] are of the opinion that water management in such
areas should take into account:
- annual changes in natural reservoirs,
- delays in field works,
- maintaining a rich, horizontally varied terrain
configuration.
Such actions can positively influence the
pumping station operating costs by reducing its operations. A significant reduction in water run-off
from the polder could be achieved by comprehensive
ZDWHU UHWHQWLRQ PHDVXUHV ERWK WKH SROGHU¶V ³RZQ´
water and the water reaching the polder from the
fORRGOHYHH¶VDUHD.
The research into the operational data gathered
over the 20 years between 1994 and 2013, since the
pumping station entered into use, indicates that the
Zagórów pumping station operated for 16,861 hours
in total. The data concerning 16,319 hours of this
time, which constitutes over 96% of the total pumping station operating time, show that the Zagórów
pumping station worked for only 1,207 days in total,
and pumped 3,603 times in the analysed period. This
means that the pumps were switched on 3 times a day
on average. Additional analysis concluded that almost 70% of the total operating time falls in the years

FIGURE 8
Histogram of the annual pumping station operating time in the analysed period (1994±2013)
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FIGURE 9
Histogram of average monthly pumping station operating time broken down by winter half year and summer half year in the analysed period (1994±2013)

FIGURE 10
Probability of operating time of a single pump unit in relation to the number of pumping instances and
the total operating time in the analysed period (1994±2013)
presented in Figure 10, made it possible to conduct a
thorough analysis of the daily demand for pump operation (time).
Research [38, 39, 40, 41, 42, 43] suggests that
for pumping stations with the traditional control system, switch-on and switch-off times depend on the
RSHUDWRU¶VH[SHULHQFHDQGKLVUHDFWLRQVWRFXUUHQWK\
dro-meteorological conditions. It was observed that
such a control method is uncertain and unreliable in
facilities that are strategic to flood protection (residential areas) [42, 44]. Therefore, the research
mostly focuses on methods of real-time automatic
control [44, 45, 46, 47].

It is worth noting that summer periods are characterised by higher average daily temperatures. Consequently, evapotranspiration reaches higher values
at this time. The high retention ability of meadows,
which store the majority of precipitation in the area
of the polder, further influences the run-off level. Research by Mioduszewski [37] has shown that valleys
utilised as meadows and pastures exert a decisive influence on lowering the flood protection requirements with their sorption abilities.
Further research concerned the relation between the daily pump operating time workload and
the number and time of pumping instances. The
probability diagram based on this research,
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FIGURE 11
Histogram of the total daily operations of the pumping station between 1994 and 2013
increased amounts of incoming water. As highlighted by Van Overloop [48], instead of increasing
pumping and drainage capacities further and further,
the focus has been shifted to control drainage in a
three-step approach of decreasing priority: (1) retention of excess rainfall in the soil, (2) storage of remaining excess water in the field or the (field) drainage system, and (3) controlled removal.

When trying to match a function to describe
this relation, it is difficult to isolate a concrete distribution to describe the investigated process better because both functions allow one to calculate the probability of occurrence of a given effect (R2= 0.84 and
R2=0.85). The analysis of the probability of pump
work cycle duration indicates that a single pump
work cycle did not exceed 5 hours in more than 82%
of cases. What is more, the pumps worked no longer
than 4 hours for more than half (56%) of their operation time.
It is noteworthy that during most days of the total operation time (35%), the Zagórów pumping station worked for 1650 hour (10%). For this time it was
operating no longer than 5 hours a day. This is shown
in Figure 11. Another 22% of the time the pumps operated between 15 and 20 hours a day. The conducted calculations indicated that the pumps operated for 13 hours on average. Given that the average
work cycle duration is around 4 hours, it has to be
concluded that one or two pumps ran 2 or 4 cycles a
day.
What is especially noteworthy is the total maximum daily pump operating time, which has been
observed throughout the pumping station operating
time, which was 75 hours. That means that three
pumps operated incessantly at that time. The situation, however, arose from a levee bursting and a sudden flooding of the polder during the flood of the
century in July 1997. It became clear then that despite high efficiency, the pumps are not able to protect the polder in the event of a levee failure. It is
inevitable that drainage pumping stations will not be
able to cope in emergency situations by pumping

CONCLUSIONS
On the basis of the conducted analyses, it has
been established that the fundamental issues which
hinder the optimization of operations of the Zagórów
drainage pumping station and similar facilities are as
follows:
- periodicity of pump operations caused by the
impact of hydro-meteorological conditions on a polder area;
- the fact that technical and hydrological parameters, which would allow the control of pump working conditions, are not monitored;
- the fact that pump working conditions are not
archived and analysed for future maintenance or repairs;
- the fact that the same design and geometric
vertical head guidelines have been used for many
years;
- technical issues with obtaining direct measurements of the pump operation parameters in the facility;
- pumping in runoff conditions, which is energetically inefficient;
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[17] Kowalik, P. (2008) Programme of Revitalization of the area of the delta of the Vistula River
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- management staff is not aware of the actual
system characteristics and the idiosyncrasies of low
lift pump operations.
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STUDY ON PREPARATION OF CINNAMALDEHYDE-HYDROXYPROPYL-Ǻ-CYCLODEXTRIN: BASED ON
RESPONSE SURFACE METHODOLOGY (RSM)
Li Xiao*, Kun Qian, Yu-hua Guo
College of Life Sciences, Huzhou University, Huzhou 313000, China

of the inclusion compound is greatly improved, and
the appearance is changed from oily to solid powder,
which is convenient for clinical use [11-13].
In order to obtain a highly stable and low-toxic
soluble cinnamic aldehyde-hydroxypropyl-ȕ-cyclodextrin inclusion compound. In this study, the
aqueous solution stirring method was adopted and
the response surface method was used to optimize
the process. The products were analyzed by infrared
spectroscopy and differential scanning calorimetry
to provide theoretical guidance for expanding the application of cinnamaldehyde.

ABSTRACT
In this test, cinnamaldehyde-hydroxypropyl-ȕcyclodextrin inclusion complexes were prepared by
aqueous solution stirring method. The RSM is used
to optimize the process conditions. The inclusion ratio and the yield of inclusion complexes were used
as response values to obtain cinnamaldehyde-hydroxypropyl-ȕ-cyclodextrin inclusions. The optimal
conditions for inclusion of the compound were: ratio
of molecules 1:1, inclusion time 3 h, and inclusion
temperature 30°C. Cinnamaldehyde and hydroxypropyl-ȕ-cyclodextrin have formed inclusions, and
the inclusion rate can reach 75% with a yield of
99.0%. Therefore, the inclusion process enables the
preparation of a cinnamaldehyde inclusion compound, improves its solubility, and prepares the cinnamaldehyde from a volatile oil into a solid powder
formulation.

EXPERIMENTAL
Material. Cinnamaldehyde (Xi'an Lutian Biotechnology Co., Ltd., content is more than 99.0%),
Hydroxypropyl-ȕ-cyclodextrin (Xi'an Jinnonglin
Electronics Co., Ltd.), all other are analytical reagents.

KEYWORDS:
Cinnamaldehyde, hydroxypropyl-ȕ-cyclodextrin, inclusion rate, inclusion compound yield

Instrument. DR6000 UV-Via Spectrophotometer (Hach, USA), Sartorius TE214S Electronic Balance (Shanghai Hengfei Biotechnology Co., Ltd.),
SI-Vortex-Genie2 Vortex Mixer (Beijing Open
Source Guochuang Technology Co., Ltd.), HJ-6A
Digital Display Constant Temperature Magnetic
Stirrer (Jintan Youlian Instrument Research Institute), Biosafer-10T Desktop Freeze Dryer (Saifei
(China) Co., Ltd.), H H-W600 Digital Display Thermostatic Water Tank (Zhengzhou Zhicheng Instrument Equipment Co., Ltd. ), VERTEX 80V Infrared
Spectrometer (Bruker Optics, Inc), Differential
Scanning Calorimetry 3 (METTLER TOLEDO
Group).

INTRODUCTION
Cinnamaldehyde, an old flavourant derived
from Cinnamon trees and other species of the genus
Cinnamomum [1], has now attracted rising interests
for its ability of preventing the development of diabetes and its complications [2,3]. As a yellow and
viscous liquid, cinnamaldehyde (Fig. 1) constitutes
98% of essential oil of Cinnamon bark, and was first
isolated by Dumas and Péligot [4] and then synthesized in the laboratory by the Italian chemist, Luigi
Chiozza (1828±1889) in 1854 [5]. In 2007, Subash
et al. firstly reported a hypoglycemic and hypolipidemic effect of cinnamaldehyde on streptozotocin
(STZ)-induced male diabetic Wistar rats [6]. Cinnamaldehyde has been since extensively studied in
animal models of diabetes and obesity.
However, cinnamaldehyde, as a volatile oil, has
poor water solubility, is volatile in the air, and is easily oxidized, and the bactericidal effect is not durable
and clinically inconvenient [7-10]. After inclusion of
hydroxypropyl-ȕ-cyclodextrin, the water solubility

Method. Preparation of inclusion complex
Take a certain amount of hydroxypropyl-ȕ-cyclodextrin in a 100 mI Erlenmeyer flask and add 100
mI of water to dissolve. Cinnamaldehyde and anhydrous ethanol were mixed at a volume ratio of 1:4,
then added dropwise to the hydroxypropyl-ȕ-cyclodextrin solution and the rubber stopper was sealed.
Constant temperature with a digital thermostat magnetic stirrer at 1000 r / min stirring until the specified
time, 80°C open water bath for 30 min, let stand 1h,
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resulting solution was frozen in a vacuum freeze
dryer after drying for 24 h, the inclusion complex
was collected and the product was collected.
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responses and the variables are able to be illustrated
graphically by means of contour and three-dimensional response surface plots. As shown in Fig. 1, inclusion rate decreased as ratio of molecules increased, and inclusion rate increased as time increased.
For Fig.2, inclusion rate increased as temperature increased when it is from 30 to 40 Ԩ, inclusion
rate decreased as temperature increased when it is
from 40 to 50 Ԩ and inclusion rate increased as time
increased.

RESULTS AND DISCUSSION
Analysis of response surface. Response surface plots showing combined effect of factors on
inclusion rate. The relationship between the

FIGURE 1
Response surface plots showing combined effect of factors between ratio of molecules and
time on inclusion rate

FIGURE 2
Response surface plots showing combined effect of factors between temperature and
time on inclusion rate
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FIGURE 3
Response surface plots showing combined effect of factors between temperature and ratio of
molecules on inclusion rate

FIGURE 4
Contour Plot of showing combined effect of factors between temperature and ratio of molecules
on inclusion rate
from 30 to 50°C.
For Fig.5, contour plot of showing combined
effect of factors between time and ratio of molecules
on inclusion rate is present. It is shown that the contribution of time is greater than that of ratio of molecules. Inclusion rate increased when time increased.
For Fig.6, contour plot of showing combined
effect of factors between time and temperature on inclusion rate is present. It is shown that the contribution of temperature is greater than that of time. Inclusion rate increased when temperature increased.

It is seen that combined effect of factors between temperature and ratio of molecules are strong
IURP)LJ,WKDVDKLJKHPEHGGLQJUDWHEXWȕ-cyclodextrin has low water solubility, and hydroxypropyl-ȕ-cyclodextrin has extremely high solubility.
And hemolysis is very low, with more efficient and
safe medicinal value.
For Fig.4, contour plot of showing combined
effect of factors between temperature and ratio of
molecules is present. From Fig.4, the inclusion rate
is slowly increased with the increase of temperature
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FIGURE 5
Contour Plot of showing combined effect of factors between time and ratio of molecules on inclusion rate

FIGURE 6
Contour Plot of showing combined effect of factors between time and temperature on inclusion rate
For Fig.8, contour plot of showing combined
effect of factors between time and temperature on inclusion compound yield is present. It is shown that
the contribution of temperature is greater than that of
time. Inclusion rate increased when temperature increased.

Response surface plots showing combined
effect of factors on inclusion compound yield. For
Fig.7, contour plot of showing combined effect of
factors between time and temperature on inclusion
compound yield is present. It is shown that the contribution of temperature is greater than that of time.
Inclusion rate increased when temperature increased.
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FIGURE 7
Contour Plot of showing combined effect of factors between time and ratio of molecules on
inclusion compound yield

FIGURE 8
Contour Plot of showing combined effect of factors between time and temperature on
inclusion compound yield
For Fig.9, contour plot of showing combined
effect of factors between ratio of molecules and temperature on inclusion compound yield is present. It

is shown that the contribution of temperature is
greater than that of ratio of molecules. Inclusion rate
increased when temperature increased.
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FIGURE 9
Contour Plot of showing combined effect of factors between ratio of molecules and temperature
on inclusion compound yield

FIGURE 10
Response surface plots showing combined effect of factors between ratio of molecules and time on inclusion compound yield
compound yield. This indicates that temperature has
a greater effect on the inclusion compound yield in
the primary item; in the interaction term, the interaction of temperature and time has a significant effect
on the inclusion compound yield.
For Fig.12, response surface plots showing
combined effect of factors between ratio of molecules and temperature on inclusion compound yield
is present. The obtained results showed that the temperature and ratio of molecules have significant influence on the inclusion compound yield.

For Fig.10, response surface plots showing
combined effect of factors between ratio of molecules and time on inclusion compound yield is present. The obtained results showed that the time and
ratio of molecules have significant influence on the
inclusion compound yield.
For Fig.11, response surface plots showing
combined effect of factors between temperature and
time on inclusion compound yield is present. The obtained results showed that the time and temperature
have significant influence on the inclusion
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FIGURE 11
Response surface plots showing combined effect of factors between temperature and time on inclusion
compound yield

FIGURE 12
Response surface plots showing combined effect of factors between ratio of molecules and temperature
on inclusion compound yield
preparation of a cinnamaldehyde inclusion compound, improves its solubility, and prepares the cinnamaldehyde from a volatile oil into a solid powder
formulation.

CONCLUSIONS
In this test, Cinnamaldehyde-hydroxypropyl-ȕcyclodextrin inclusion complexes were prepared by
aqueous solution stirring method. The RSM is used
to optimize the process conditions. The inclusion ratio and the yield of inclusion complexes were used
as response values to obtain Cinnamaldehyde-hydroxypropyl-ȕ-cyclodextrin inclusions. The optimal
conditions for inclusion of the compound were: ratio
of molecules 1:1, inclusion time 3 h, and inclusion
temperature 30°C. Cinnamaldehyde and hydroxypropyl-ȕ-cyclodextrin have formed inclusions, and
the inclusion rate can reach 75% with a yield of
99.0%. Therefore, the inclusion process enables the
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DETERMINATION OF THE UPPER AND LOWER LIMITS
OF WATER STORAGE PIT IRRIGATION THROUGH
PRINCIPAL COMPONENT ANALYSIS
Xianghong Guo1,*, Tao Lei1, Xihuan Sun1,2, Juanjuan Ma
1

College of Water Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China
2
Jinzhong University, Jinzhong 030600, China

ABSTRACT

INTRODUCTION

The effects of different upper and lower limits
of irrigation (50%±80% of the field capacity W1,
60%±90% of the field capacity W2 and 70%±100%
of the field capacity W3) on the root growth,
photosynthesis, yield and quality of apple trees were
investigated through field experiments to determine
the high-quality and high-yield water management
pattern under water storage pit irrigation. The
correlation degree between indices was examined
through grey correlation analysis, and the most
suitable upper and lower limits of irrigation were
identified through principal component analysis.
Results indicated that the different irrigation
treatments significantly influenced the root growth.
The length density, surface area, weight density,
water content and vigour of the roots under each
treatment showed the following trend: W3 > W2 >
W1. The treatments also significantly affected the
photosynthetic characteristics. The stomatal
conductance, intercellular carbon dioxide and net
photosynthetic rate of the trees under each treatment
exhibited the following trend: W2 > W3 > W1. The
respective patterns of the transpiration rate and the
water use efficiency of the leaves were as follows:
W3 > W2 > W1 and W1 > W2 > W3. The significant
influence of the irrigation treatments on the fruit
yield and quality was also found: W3 > W2 > W1 for
the fruit yield, shape index and hardness of the trees
under each treatment; W3 > W1 > W2 for the
titratable acid; and W2 > W3 > W1 for soluble solid
and sugar acid ratio. Grey correlation analysis
revealed that the representative physiological indices
of the apple trees under water storage pit irrigation
included fruit hardness, root water content, stomatal
conductance, net photosynthetic rate, fruit shape
index, photosynthetically active radiation, titratable
acid
and
soluble
solid.
Multiple-index
comprehensive principal component analysis
suggested that the most suitable upper and lower
limits of water storage pit irrigation were in a range
of 60%±90% of the field capacity.

Water storage pit irrigation is a new method of
middle±deep orchard irrigation. In this method, a
number of cylindrical water storage pits with a
diameter of 25±35 cm and a depth of 40±60 cm are
dug evenly in the position of 60±90 cm around a fruit
tree (Figure 1). Irrigation water is injected directly
into the storage pit by using a field water conveyance
system during irrigation. Water gradually infiltrates
and accumulates in the concentration layer of the
roots under the action of gravity potential and matrix
potential; this process helps save water, resist
drought and improve water use efficiency (WUE)
[1]. Soil moisture is an important factor affecting the
root growth, photosynthesis, yield and quality of
fruit trees. As such, the suitable upper and lower
limits of water storage pit irrigation should be
explored to improve this type of irrigation
technology, save water and increase production and
quality.

FIGURE 1
Schematic of water storage pit irrigation
Root, trunk, leaf and fruit are the main
components of a fruit tree. In adult fruit trees, soil
water content significantly influences roots,
photosynthesis, fruit yield and fruit quality but does

KEYWORDS:
water storage pit irrigation, root growth, photosynthesis,
yield, quality, principal component
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quality of apple under water storage pit irrigation
have yet to be reported.
Root, leaf and fruit are important parts of the
living body of a fruit tree. Independent studies on all
parts have been conducted, but the correlation
among root, leaf and fruit parameters remains
unclear. Moreover, qualitative studies have been
conducted on the physiological indices of fruit trees
under different water treatments, but the optimal
irrigation treatment that comprehensively considers
the root, leaf and fruit indices has yet to be identified.
The most suitable upper and lower limits of water
storage pit irrigation also remain unclear. Seeking
the optimal irrigation scheme is a complex and
comprehensive problem that involves several
evaluation indices. These indices are related to one
another; hence, evaluating the optimal upper and
lower limits of irrigation is difficult. Principal
component analysis is a multivariate statistical
method used to examine how a multiple-index
problem is transformed into few comprehensive
indicators. These indicators are linear combinations
of the original multiple indices and unrelated to one
another. Although these indicators cannot be
observed directly, they can reflect the main
information of the original indices. Principal
component analysis is also widely applied to study
the physiological characteristics of crops [28-30].
However, these studies have focused on production
and quality indicators but not on crop roots and leaf
photosynthesis and transpiration. Li et al. [31]
performed principal component analysis to evaluate
the morphological indices and leaf photosynthetic
indices of young apple trees with a suitable amount
of irrigation water under water storage pit irrigation
and obtained the optimal upper and lower limits of
irrigation. However, Li et al. [31] considered a single
growth period of crop and did not comprehensively
analyse the whole fruit-bearing period. In addition,
previous studies evaluated the optimal upper and
lower limits of irrigation for young trees on the basis
of morphological and photosynthetic indices [31] but
did not examine the effect of the root index on the
upper limit of irrigation. Therefore, optimal
irrigation conditions in terms of the root,
photosynthesis, yield and quality indices for the
determination of the upper and lower limits of
irrigation and the whole growth period should be
further discussed.
This study aimed to investigate the effects of
different upper and lower limits of irrigation (50%±
80% of the field capacity W1, 60%±90% of the field
capacity W2, 70%±100% of the field capacity W3)
on the root growth, photosynthesis, yield and quality
system of apple trees. Grey correlation analysis was
performed to reveal the degree of correlation among
the indices, and principal component analysis was
conducted to determine the most suitable upper and
lower limits of water storage pit irrigation. This
study provided a basis for the improvement of water

not obviously affect the stem diameter of fruit trees.
Accordingly, the roots, photosynthetic characterristics and fruit yield under different water
treatments have been extensively investigated. For
instance, studies have been performed on crop roots
and their various parameters, including length
density of peach roots under drip irrigation [2];
density and weight density of potato roots under
surface irrigation [3]; length density, diameter and
dry matter of upland rice roots under surface
irrigation [4]; length density of potato roots under
drip irrigation [5]; dry weight, fresh weight, volume
and length density of pepper roots under surface
irrigation [6]; fresh weight and dry weight of weed
roots under surface irrigation [7]; distribution
characteristics of a root system in fruit trees under
drip irrigation [8]; and length density of winter wheat
roots under sprinkler irrigation [9]. For the type of
crops, studies have focused on peach, potatoes,
upland rice, pepper, weeds and apple trees. For the
type of methods, research on crop roots has mainly
applied surface, drip and sprinkler irrigation. In these
methods, irrigation water infiltrates the soil from the
surface under the action of gravity. In water storage
pit irrigation, water enters the root concentration
layer vertically and horizontally under the action of
gravity potential and horizontal matrix potential.
Soil water movement varies between water storage
pit irrigation and other irrigation methods. Hence,
the spatial distribution of water and the growth of
roots in these methods also differ. However, the
roots of apple trees under water storage pit irrigation
have been rarely explored.
Studies on the photosynthetic and transpiration
characteristics of the following crops under different
water treatments have been carried out: blueberry
[10], grapevine [11], olive [12], sweet potato [13],
cotton [14], mango [15], tomato [16], apple tree [17]
and apricot tree [18]. These studies have focused on
field surface irrigation, field pot, greenhouse pot and
field drip irrigation experiments, but studies on
photosynthetic transpiration characteristics under
field water storage pit irrigation have yet to be
conducted. With different irrigation methods,
various soil water distribution characteristics are
observed, resulting in differences in the absorption
of water in roots and affecting the water supply of
photosynthesis and transpiration in fruit trees.
Therefore, whether the photosynthetic and
transpiration characteristics of water storage pit
irrigation are different from those of other irrigation
methods should be further revealed.
For the effects of yield and quality under
different water treatments, current research focuses
on potatoes under drip irrigation [19]; apples under
micro irrigation [20], drip irrigation [21, 22] and
partial rootzone drying irrigation [23]; wheat under
sprinkler irrigation [24], lemons under drip irrigation
[25]; oranges under drip irrigation [26]; and olives
under drip irrigation [27]. However, the yield and
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during fruit ripening were measured.

storage pit irrigation technology, water conservation
and quality and yield enhancement.

Measurement items and methods. The age of
the tested fruit trees was seven years. The root
drilling method was used for sampling. The
VSHFLILFDWLRQRIWKHURRWGULOOZDVɎFPî H 20 cm,
and the layout map of the root system is shown in
Figure 2. As shown in Figure 2, four sampling points
were arranged under each tree, the sampling depth of
each sampling point was 160 cm, the sampling
interval was 20 cm, and eight layers were set up.
Each growth period of the fruit trees was sampled.
The sampling times were April 23rd, May 23rd, July
6th, August 10th and September 20th. The collected
root samples were sealed and preserved. The roots
were then rinsed with water for the analysis of each
index. Root morphological indices mainly included
root length density and root surface area density,
which were obtained using the WinRHIZO analysis
software. To determine the dry weight of the root
system the root sample was placed in a thermostat at
80 °C and dried constantly. The dry weight density
of root was calculated by dividing the dry weight by
the root volume. The root water content was
measured using the drying±weighing method, and
the root activity was measured using the 2,3,5triphenyltetrazolium chloride reduction method.

MATERIALS AND METHODS
Study area. The experiment was conducted at
the Fruit Tree Institute of the Shanxi Academy of
Agricultural Sciences in Taigu County, Jinzhong
City, Shanxi Province. The geographical coordinates
DUH ƍ ( DQG ƍ 1 ,W FRYHUV DQ DUHD RI
approximately 450 ha. The average altitude is
approximately 781.9 m, frost-free periods span
approximately 175 days and the average temperature
is 5±10 °C. The test area has a typical warm
temperate continental climate. The average rainfall
of the test area is approximately 460 mm, and rainfall
is uneven during the year. Precipitation usually
occurs in June to August in each year, but less
rainfall is recorded in December to February. The
research object was the red Fuji Danxia fruit tree
cultivated at the Fruit Tree Institute of the Shanxi
Academy of Agricultural Sciences. The apple trees
were planted in the north-to-south direction, and row
spacing was 4 m × 2 m.
TABLE 1
Irrigation time and quota
Irrigation date
Full-bloom stage I
New shoot growing
stage II
Young fruit period III
Fruit expanding period
IV
Fruit maturation period
V
Total

Irrigation treatments
W1 (L)
W2 (L)
W3 (L)
400
800
1200
0

400

400

400

0

800

0

400

0

0

0

800

800

1600

3200

FIGURE 2
Layout map of the root index of the fruit tree

Experimental design. The experiment was
conducted from April 2015 to October 2015.
Evaluation of the suitable upper and lower limits of
irrigation under water storage pit irrigation was
conducted. At the distance of 75 cm from the trunk
of the tree, four water storage pits were evenly
arranged in a circular shape. The pit was 60 cm in
depth (including the ring groove), and the diameter
was 30 cm. Three levels of W1, W2 and W3 were set
up in the upper and lower limits of irrigation and
maintained at 50%±80%, 60%±90% and 70%±100%
of the field capacity, respectively. The test included
three treatments. Each treatment set had three
repetitions. During the test, irrigation began when
the water content was lower than the lower limit and
stopped when the water content reached the upper
limit of irrigation. This step is performed repeatedly
to keep the soil water content at the design level.
During the experiment, the physiological
characteristics of the roots and the photosynthetic
characteristics of the leaves were monitored
regularly, and the yield and quality of the apple

The photosynthetic indices of the fruit trees
under various treatments were measured using the
Li-6400XT portable photosynthetic apparatus. The
determination period was 15 days, and the
determination time was at 9:00. The photosynthetic
indices included the photosynthetically active
radiation (PAR), net photosynthetic rate (Pn),
transpiration rate (Tr), stomatal conductance (Cond)
and intercellular carbon dioxide (Ci). Formula (1)
can be used to calculate the leaf WUE:
WUE

Pn
Tr

(1)

The yield of a single plant was the mean mass
of all fruits on the apple tree under each treatment
and measured using the weighing method. The fruit
shape index (GX) was determined using the vernier
caliper. The flesh firmness (YD) is determined using
the GY-1 type of pulp hardness tester. The soluble
solid (GT) was determined using a handheld sugar
meter. Titratable acid (DDS) was determined using
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obtained, as shown in Formula (8).
A certain one-sided nature exists when only a
single principal component is used to analyse and
evaluate the advantages and disadvantages of each
processing method. To objectively reflect the actual
situation, a comprehensive index should be used to
compare and analyse. Therefore, the variance
contribution rate of the main principal component
Șk=Ȝk/p was considered as main weight, a few m
principal components were linearly grouped, and the
principal component of quality Fi was constructed,
as shown in Formula (9).

acid±base titration. The sugar to acid ratio (TSB)
was calculated using Formula (2).
GT
(2)
TSB
DDS

Data processing. Microsoft Office 2013 was
used for data processing. IBM SPSS Statistics 19
was used for the statistical and principal component
analyses. Origin 9 was used for plotting. The mean
test method was used to determine the statistical
difference. The Pearson method was used for the
correlation analysis.

EVALUATION METHOD AND PRINCIPLE
Grey relational degree method. The
correlation analysis in the grey system theory is a
new method of factor analysis. It is mainly used to
analyse the degree of association among the factors
in the system by comparing the geometric
relationship of the system data sequence. Suppose a
reference sequence of Y0 (t), the comparison series is
Yi (t), i ««m, and w is the length of the
sequence. The purpose is to determine the close
degree of Yi (t) and Y0 (t) [the correlation between Yi
(t) and Y0 (t)]. To obtain correct analysis results, the
original data should be dimensionless. The present
paper used standardised transformation, and the new
data sequence x0 (t) and xi (t ) were the standardised
sequences. The definition of point correlation
coefficient is expressed in Formula (3). The grey
correlation degree ri was calculated using Formula
(4).
[i (t ) J ( x0 (t ), xi (t ))
min min x0 (t )  xi (t )  U max max x0 (t )  xi (t )
(3)
i w

im

(8)

 Km fiim

(9)

0.06
0.05
0.04
0.03
0.02
0.01
0.00

I II IIIIV V

t w

GHSL (g/g)

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

GZMD (10-4 g/cm3)

0.30
0.25
0.20
0.15
0.10
0.05
0.00

GBMJ (cm2/cm3)

GCMD (cm/cm3)

RESULTS AND DISCUSSION

t w

1 w
¦ [i (k )
wk 1

(7)

D k1zi1  D k1zi 2  ...  D k1zip

Fi K1 fi1  K2 fi 2 

where ȟi(t) is the comparison of the relative
difference between the comparison curve xi and the
reference curve x0 at moment t, and the relative
difference of this form is called the correlation
coefficient of xi to x0 at moment t; ȡ is the resolution
coefficient, and the value is generally between 0 and
1. Here, ȡ = 0.5.
ri

r1 p ·
¸
¸
rpp ¸¹

§ r11
¨
¨
¨r
© p1

R

x0 (t )  xi (t )  U max max x0 (t )  xi (t )
im

(6)

2

n
§
·
¦
¨  sij  ¦ sij / n ¸ / (n  1)
i 1©
i 1
¹
n
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i 1
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¹
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FIGURE 3
Effects of the upper and lower limits of
irrigation on the growth of the root system of the
fruit trees

(4)
Effects of the upper and lower limits of
irrigation on the growth of the root system of the
fruit trees. Figure 3 shows the root growth indices
under different irrigation treatments at different
growth stages (full-bloom stage I, new shoot
growing stage II, young fruit period III, fruit
expanding period IV and fruit maturation period V).
As shown in Figure 3, the root length density
(GCMD), root surface area (GBMJ) and root density
(GZMD) under the different treatments all increased
as S type during the growth period. The root water
content (GHSL) and root activity (GXHL) showed a
parabolic trend with the growth period, that is, first

Principal component analysis. Suppose n
evaluation objects are present and each object has p
indicators marked as s1, s2«sp, which form a data
matrix S, as is shown in Formula (5). To ensure the
consistency of the evaluation index and eliminate the
dimensionless influence of different evaluation
indices, the indices are preprocessed by Formula (6).
Then, the correlation coefficient matrix of the
standardised evaluation index Zj = (Z1j, Z2j«Znj)T
is obtained, as shown in Formula (7). The latent root
Ȝk and eigenvector Įk = (Įk1, Įk2«Įkp) are solved
using Formula (7). The k principal component fik is
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treatments at different growth stages (full-bloom
stage I, new shoot growing stage II, young fruit
period III, fruit expanding period IV and fruit
maturation period V). As shown in Figure 4, the
PAR intensity of the different irrigation treatments
gradually decreased with time. This result is because
as the growth period of the croSLQFUHDVHVWKHVXQ¶V
height angle decreases, and the scattering of
shortwave radiation by air molecules increases.
As shown in Figure 4(b)±(d), the stomatal
conductance (Cond), intercellular carbon dioxide
(Ci) and transpiration rate (Tr) of the different
irrigation treatments varied as a parabolic trend with
time. The Cond reached its maximum at fruit
expanding period, whereas the Ci and Tr reached the
maximums at young fruit period. As shown in Figure
4(e)±(f), the net photosynthetic rate (Pn) of the
different irrigation treatments increased linearly with
time, and the leaf WUE showed a parabolic growth
trend with time. In the whole fruit-bearing period,
the stomatal conductance (Cond), intercellular
carbon dioxide (Ci) and net photosynthetic rate of
the different irrigation treatments all were W2 > W3
> W1. When the upper and lower limits of irrigation
increased from W1 to W2, the stomatal conductance
(Cond), intercellular carbon dioxide (Ci) and net
photosynthetic rate (Pn) respectively increased by
11%, 5% and 19%, respectively. When the upper and
lower limits of irrigation increased from W2 to W3,
the three indicators respectively decreased by an
average of 6%, 2% and 9%, respectively. These
results indicated that the stomatal conductance
(Cond) and net photosynthetic rate (Pn) were
significantly influenced by the upper and lower
limits of irrigation (p < 0.05). The effect on
intercellular carbon dioxide (Ci) was not significant,
and this results was different from the conclusions of
Glass et al. [10], Beis et al. [11] and Gajanayake et
al. [13]. Glass et al. [10] demonstrated that different
water treatments have no effect on the
photosynthetic rate of blueberries, and stomatal
conductance is positively correlated with water
supply. Beis et al. [11] suggested that the
photosynthetic rate with different water treatments is
100% of the field capacity > 50% of the field
capacity > 25% of the field capacity, that is, the
photosynthetic rate of grape is positively related to
the water supply. Gajanayake et al. [13] showed that
stomatal conductance is negatively correlated with
water supply. These findings showed that the
response of crop photosynthesis rate and stomatal
conductance to water is different under different
irrigation methods and crop conditions. In the whole
fruit-bearing period, the transpiration rate (Tr) under
the different irrigation treatments was W3 > W2 >
W1. The leaf WUE showed an opposite trend; the
difference of the transpiration rate and leaf WUE
under the different irrigation treatments reached a
significant level. This reason was the high upper and
lower limits of the irrigation increased the soil water
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increased gradually, reached the maximum value in
the young fruit period and then decreased gradually.
In every fruit-bearing period, the root length density
(GCMD), root surface area (GBMJ), root weight
density (GZMD), root water content (GHSL) and
root activity (GXHL) under the different irrigation
treatments all were W3 > W2 > W1. The increase of
the upper and lower limits of irrigation promoted
these indices. This result was similar to the results of
the research on the root growth of pepper and peach
trees [2, 6]. The reason is water is a necessary
condition for the growth and survival of plants.
When the upper and lower limits of irrigation are
high, the water content level in the soil is also high,
and the plant is able to meet the requirements of the
biochemical reaction of root cells. As a result, the
root activity is enhanced. Root activity represents the
absorptive capacity of roots to water and nutrients.
When the vitality of the root system is strong, more
water and nutrients are absorbed. Hence, the water
content in the root system is increased. When water
content is high, the biochemical reaction of the root
system is fast, which is beneficial to the growth of
the root system. As a result, the root length density
and root surface area increase. In the whole fruitbearing period, when the upper and lower limits of
irrigation were increased from W1 to W3 level, the
root length density (GCMD), root surface area
(GBMJ), root weight density (GZMD), root water
content (GHSL) and root activity (GXHL) increased
to 44%±75%, 47%±94%, 32%±51%, 17%±21% and
29%±84%, respectively. These results showed that
the irrigation treatments produced very significant
effects on the growth indices of the root system (p <
0.01). As the period continued, the difference of the
root activity (GXHL) between each treatment
gradually increased, but the other growth indices of
the root system showed an opposite trend.

8

(f)

6
4
2
0
I II III IV V

FIGURE 4
Effects of the upper and lower limits of
irrigation on the photosynthetic characteristics
of the fruit trees
Effects of the upper and lower limits of
irrigation on the photosynthetic characteristics of
the fruit trees. Figure 4 shows the photosynthetic
indices of the fruit trees under the different irrigation
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content and consequently provided a sufficient water
supply for the transpiration of fruit trees and
increased the transpiration rate. This result was
different from the conclusion of Ko et al. [14]. Ko et
al. [14] demonstrated that the difference in the
transpiration rate of cotton after the crop water
demand treatments of 50%, 75% and 100% of the
field capacity is not significant. The difference in the
results of this study is closely related to the crop
species and irrigation methods.

the apple trees needed large amounts of water. The
liquid circulation per unit of sapwood area was low,
and this low circulation affected the rate of
photosynthetic transpiration and caused a low
soluble solid accumulation in the fruit. As shown in
5(e), the titratable acid contents of W3 and W1 were
relatively close and were evidently higher than that
of W2. This result was different from the conclusion
of Agbna et al. [19]. Agbna et al. [19] showed that
the titratable acid value is the highest when the water
supply is at the middle level and evidently higher
than the rest of the treatments. As shown in 5 (f), the
sugar to acid ratio under the different treatments was
W2 > W3 > W1. Normally, the sugar to acid ratio in
fruits is 20±60. The fruit is sweet when the content
exceeds 50. The sugar to acid ratio with treatment
W2 was 52, and the apples with treatment W2 was
sweeter than those of treatment W1 and W3. The
sugar to acid ratio was the highest when the water
supply was at the middle level and the fruit taste was
the best among all the treatments. This result was
different from the research conclusions of ZapataSierra et al. [26] and Agbna et al. [19]. Zapata-Sierra
et al. [26] showed that under drip irrigation, the
orange with water deficit is the sweetest but the fruit
is smallest among all the treatments. Agbna et al.
[19] showed that under drip irrigation, the sugar to
acid ratio of tomato was the highest after the water
deficit treatment. In consideration of the fruit yield
and various quality indices, the suitable upper and
lower limits of the irrigation were 60%±90% of the
field capacity under water storage pit irrigation.
1.0
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Effects of the upper and lower limits of
irrigation on fruit yield and quality. Figure 5
shows the yield and quality indices of the fruit trees
under the different irrigation treatments at different
growth stages (full-bloom stage I, new shoot
growing stage II, young fruit period III, fruit
expanding period IV and fruit maturation period V).
As shown in Figure 5, the yields of a single plant
with treatment W1, W2 and W3 were 14.14, 29.52
and 29.63 kg, respectively. The yield of a single
plant is positively related to water supply [19, 22]. In
the whole fruit-bearing period, the amounts of
irrigation water of W1, W2 and W3 were 800, 1600
and 3200 L, respectively. The difference of yield
between W2 and W3 was not evident. The yields of
W2 and W3 were significantly higher than that of
W1 (p < 0.01). By comparison, the amount of
irrigation in W1 treatment was less, but the reduction
of production was more serious, due to the lack of
water supply for the growth of crops. The yield of
W2 was close to the yield of W3, but treatment W2
saved 1600 L of water. Therefore, the irrigation
methods treated with W2 were economical. As
shown in Figure 5(b) and (c), the fruit shape index
and fruit hardness with treatments W1, W2 and W3
were W3 > W2 > W1. The fruit hardness was
positively correlated with water supply, and this
result was different from the results of Zaliha et al.
[32]. Zaliha et al. [32] demonstrated that under a
micro-sprinkler irrigation, poor water supply is
favourable for the increase of apple hardness [32].
Under water storage pit irrigation, when the upper
and lower limits of irrigation are raised, the
sufficient water promotes cell division, increases the
strength of the cell wall and increases the hardness
of the fruit. As is shown in Figure 5(d), the soluble
solid content after the three kinds of irrigation
treatment was W2 > W3 > W1. This finding was
different from the conclusion of Agbna et al. [19].
Agbna et al. [19] showed that under drip irrigation,
the total soluble solid content of tomato is negatively
correlated with the water supply. The differences in
the results of this study may be related to crop
species and irrigation methods. In the present study,
treatment W3 was the most irrigated, but the soluble
solids were not the highest among the different
treatments. For treatment W1, the root system of the
apple tree was poorly developed by the long-term
water deficit in the new shoot growing stage when

W3 W2 W1

60
50
40
30
20
10
0

(f)

W3 W2 W1

FIGURE 5
Effects of irrigation and water limit on fruit
yield and quality
Evaluation of grey correlation degree of
fruit growth indices. The root growth,
photosynthesis and fruit growth of fruit trees are an
organic whole and interact with each other. The
relationship among the three parts should be
analysed deeply, and the key indicators that affect
the overall growth and development of fruit trees
should be revealed. This study included 17
evaluation indices. The average correlation among
the indices was analysed and compared. As shown in
Figure 6, the average grey relation between the two
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number of treatments was 9. According to the
mathematical principle of principal component
analysis, when the number of evaluation indices
exceeds the total number of treatments, the nonpositive definite matrix is formed. As a result, the
results of the principal component analysis are
difficult to conform to actual agricultural production.
When the number of indicators is too small, the
analysis results are not comprehensive and objective.
Therefore, the number of evaluation indices was
determined to be 8. By combining the sorting results
with the grey correlation degree, the main indicators
used to determine the principal component analysis
included the fruit hardness, root water content,
stomatal conductance, net photosynthetic rate, fruit
shape index, PAR, titratable acid and soluble solid.
After the principal component analysis, two
principal components were extracted, the cumulative
contribution rate of the two was 79.4%, and a
satisfactory extraction effect was obtained. The
eigenvalue of the first principal component (f1) was
4.636, combining 58% of the original variable
information and mainly including PAR, fruit shape
index (GX), net photosynthetic rate (Pn), stomatal
conductance (Cond), root water content (GXHSL)
and fruit hardness (YD) (Table 2). The eigenvalue of
the second principal component (f2) was 1.713,
combining 21.4% of the original variable
information and mainly including soluble solid (GT)
and titratable acid (DDS) (Table 2). Based on
characteristic values and factor loads of the two
factors (Table 2), the principal component models
were further obtained, as shown in Formula (10).
From Formula (9), the integrated principal
component F was 0.354, 0.935 and 0.669 under
treatments W1, W2 and W3, that is, the ranking of
the scores was W2 > W3 > W1. On the basis of
comprehensive consideration of the root growth,
photosynthetic characteristics and fruit yield and
quality, the suitable upper and lower limits of water
storage pit irrigation were in the range of 60%±90%
of the field capacity. This result was different from
the conclusions of Li et al. [31]. Li et al. [31]
demonstrated that when the upper limit of irrigation
is 90%, the suitable lower limit of irrigation at the
new shoot growing stage LV  %R¶V UHVHDUFK
conditions are relatively limited [31]. Firstly, the
upper limit of irrigation is fixed at 90%, and the
effect of the upper limit of irrigation is not
considered. Secondly, the study only focuses on the

 

1.05

    

indices (root length density and root surface area)
and the other indices were the smallest at 0.88. This
finding showed that they are less closely related to
the rest of the indices and cannot be used as the key
evaluation indices of fruit tree growth. The grey
correlation between fruit hardness and other indices
was 0.94. Among the evaluation indicators, it has the
most typical characteristics and representativeness.
The average grey correlation degree between the
growth indices of fruit trees was shown as follows:
fruit hardness > root water content > stomatal
conductance > net photosynthetic rate > fruit shape
index > PAR > titratable acid > soluble solid > sugar
acid ratio > intercellular carbon dioxide > root
activity > root heavy density > grain weight per plant
> leaf WUE > transpiration rate > root surface area
> root length density. The results showed that fruit
hardness, root water content and stomatal
conductance were the main factors that affected the
growth of the fruit trees and are also the key
representative indicators for the growth of the fruit
trees.
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FIGURE 6
Grey correlation between the root index,
photosynthetic index, yield index and quality
index
Evaluation of the suitable upper and lower
limits of irrigation for water storage pit
irrigation. Principal component analysis and
evaluation are a multivariate statistical method. By
calculating the principal component, the number of
variables can be reduced and comprehensive
evaluation can be achieved in the case of less loss of
the original index information. In this study, the total
number of evaluation indices was 17, and the total

TABLE 2
Component matrix
Principal
component
f1
f2

GT
0.644
í0.699

DDS
í0.028
0.990

PAR
í0.788
í0.100

Indicator
GX
0.826
0.294

Pn
í0.877
í0.259

Cond
í0.859
0.203

f1

0.139 zi1  0.006 zi 2  0.17 zi 3  0.178 zi 4  0.189 zi 5  0.185 zi 6  0.179 zi 7  0.183 zi 8

f2

0.408 zi1  0.578 zi 2  0.058 zi 3  0.172 zi 4  0.151zi 5  0.119 zi 6  0.038 zi 7  0.109 zi 8
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is among the largest rate of consumption for the Jordanian citizen. In addition, Jordan produced 2310
tons of tomato processed products like; tomato
paste, tomato soup, tomato juice, and ketchup. The
total produced and consumed amount in local market
is 6181 tones/year. Furthermore, the per capita consumption of processed tomato products was about 1
kg/year [2].
Tomatoes have been treated intensively with
pesticides to control pests. However, many of these
pesticides are used in large quantities. Cypermethrin
and chlorpyrifos were found to be effective pesticides to control plant pests by contact or systemically
and they are classified by the Environmental Protection Agency (EPA) in class II since these pesticides
are of moderate toxicity. Monitoring of cypermethrin and chlorpyrifos pesticides residues in Jordan
crops showed that these pesticides are the most frequent residues, and in many cases their residues exceeding the maximum residues limits issued by Codex Alimentarius Commission [3].
In the recent years, the word attention has focused on the removal of pesticide residues by different treatments like; cooking, ozonation, UV-radiation, washing and peeling. It is noticed that these
treatments are of great benefits to have safe and
healthy food. It is well known that ozone was effectively applied to drinking water treatment and
wastewater treatment for its powerful oxidization
potential. Some researchers demonstrated that certain pesticides, such as 2,4-dichlorophenoxyacetic
acid [4,5], carbofuran [6], diazinon [7] and pirimiphos-methyl [8] can be readily degraded in aqueous
solution by ozone. Wu et al. [9] showed that the degradation of four pesticides by low concentration of
dissolved ozone (1.4 ppm for 30 min) was effective
to oxidize 60±99% of 0.1 ppm aqueous diazinon,
parathion, methyl parathion and cypermethrin. Ozonation of fortified tomato juice with methomyl, oxamyl and carbosulfan at 0.4 ppm was found to be the
most effective treatment; complete degradation of
methomyl, oxamyl and carbosulfan were achieved
after 30 min of ozone treatment [10].
Ozonated water was mostly effective in cypermethrin removal (>60%) and the efficacy highly depended on the dissolved ozone levels. Hadjikinova et

ABSTRACT
This study was conducted to determine the effect of ozonation at concentrations of 0.4 ppm on cypermethrin and chlorpyrifos pesticides residues reduction in spiked tomato fruits at different concentrations. The pesticide residues were extracted from
homogenized tomato fruits with acetonitrile using
QuEChERS method and the determination was carried out on GC-ECD using splitless injector and HP5 capillary column. The maximum reduction percentages of chlorpyrifos pesticide after 30 min exposure to ozone at concentration of 0.4 ppm of spiked
tomato fruits with 0.05, 0.1, 0.5, 1.0 and 5.0 ppm
were 97.9, 97.9, 95.3, 94.9 and 95.9%, respectively,
while for cypermethrin pesticide at similar concentrations and conditions were 83.3, 82.8, 83.8, 84.9
and 87.3%, respectively. Results showed that
chlorpyrifos pesticide degradation is more sensitive
to ozonation than cypermethrin residues. The effect
of ozonation at concentration of 0.4 ppm on degradation of chlorpyrifos and cypermethrin residues is
time dependent, whenever the exposure time increased, the degradation of chlorpyrifos and cypermethrin residues also increased.

KEYWORDS:
Cypermethrin, Chlorpyrifos, Pesticide residues, Ozonation, GC-ECD.

INTRODUCTION
In modern agricultural practices, pesticides are
one of the major inputs used to increase the production of crops. However, the pesticide residues left after harvesting may led to adverse health effects on
consumers and affecting the trade of several food
commodities. Tomato is one of the most common agricultural products in Jordan. It is the main component for several dishes in the Jordanian people diet.
It is estimated that 777820.4 tons of tomatoes were
produced in Jordan in 2011 for local use and exportation [1]. The average per capita consumption of tomato fruits in Jordan was about 39.6 kg/year, and it
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al. [11] showed that washing, particularly with sodium base (1%) or sodium hydrogen carbonate solutions (1.5%) markedly reduced concentration of
chlorpyrifos-methyl insecticide and fenarimol) fungicide in cherries.
Zhanggui et al. [12] observed that pesticide residue levels were reduced in wheat and corn by ozone
treatment at 15±20 ppm, with a maximum degradation rate of 12.3% per day. Chen et al. [13] investigated the efficiency of a novel machine to remove
permethrin, chlorfluazuron and chlorothalonil pesticide residues from Chinese white cabbage using
ozone in a domestic-scale vegetable cleaner consists
of a closed cleaning chamber, an ozone generator, a
water recirculation pump, and an Oxidation-Reduction Potential (ORP) electrode. The average percentages of pesticides reduction after 15 min of treatment
at ozone output rate of 150 mg/h were 51.8%, 55%
and 60% for permethrin, chlorfluazuron and chlorothalonil, respectively. However, as the time of treatment increased to 30 min, the percentages of reduction increased up to reach 67% and 64% for
chlorfluazuron and chlorothalonil, respectively.
The objective of the current study is to determine the effect of ozonation at concentration of 0.4
ppm for different period of time on reduction percentages of these pesticides.

Fresenius Environmental Bulletin

One kilogram of tomato fruits sample was chopped
into small pieces with the chopper to get a homogenous sample, then 200 g was taken as subsample and
further homogenised with the blender. Then three
subsamples were taken, and kept in deep freezing
conditions at -18oC, until analysis. Ten grams from
each of homogenised subsample was transferred into
50 ml Teflon centrifuge tube, and 10 ml of acetonitrile with 1% acetic acid solution (v/v) was added
and was shaken by the Vortex mixer for 1 min at low
speed. Anhydrous MgSO4 (4.0 g) and NaCl (1.0 g)
were added to the sample, then vortexed again for 1
min.
Ditalimifos of 1.00 ppm and Aldrin 0.1 ppm
concentrations were also added as an internal standard. Finally, sample was Vortexed for 30 s and centrifuged at 3000 rpm for 5 min.
Samples Clean-Up. The same procedures for
clean-up were followed for tomato fruits and cucumber, 2 ml of the upper acetonitrile layer was transferred into 10 ml centrifuge tube containing 2*25 mg
PSA as sorbent and 2*150 mg anhydrous MgSO4,
then it was vortexed for 30 s, as a final step the centrifuge tube was centrifuged at 3000 rpm for 5 min.
The extract was transferred into 2 ml GC vial.
Gas Chromatography with Electron Capture Detector Analysis. The chromatographic system consisted of a gas chromatography equipped
with electron capture detector, splitless injector and
the capillary column HP-5 model No.(19091J-413)
with composition of 5% Phenyl and 95%
methylpolysiloxane, dimensions are 30 m length,
0.32 mm nominal diameter, and 0.52 μm nominal
film thickness. The carrier gas was argon methane.
The operating conditions were: injection volume of
1 μl. The temperature program was: injector temperature 250oC, and detector temperature 300oC [16].
The oven temperature program was modified to get
the best response for cypermethrin and chlorpyrifos
as follows: initial temperature 90oC for 1 min; 20oC
min-1 to 150oC for 1 min; 6 oC min-1 to 270 oC for 1
min [16]. For data acquisition ChemStation software
was used.

MATERIALS AND METHOD
Chemicals. Anhydrous magnesium sulphate
(MgSO4, assay 99%, Sigma-Aldrich, USA), Acetonitrile (CH3CN, HPLC-grade, assay of 99.8%,
LAB-SCAN analytical sciences, Ireland). Acetic
acid (CH3COOH, assay 99%, J. T. Baker, USA). Acetone (C3H6O, GC-grade, assay 99.8%, LabChem,
USA). Sodium chloride (NaCl, assay 99.9%,
AVONCHEM, UK). Primary Secondary Amine
(PSA) sorbent, with 40 ± 60 μm particle size was
purchased from Agela Technologies, USA. Cypermethrin
(C22H19Cl2NO3)
and
chlorpyrifos
(C9H11Cl3NO3PS) pesticides were purchased from
Sigma-Aldrich, USA. Aldrin pesticide (C12H8Cl6, assay 99.5%) and Ditalimifos (C12H14NO4PS, assay
97.5%) were purchased from Sigma-Aldrich, USA.

Determination of Detection Limits (DL).
Three independent blank tomato fruits samples that
previously shown not to contain any residues, were
separately extracted in the same day to get the
amount corresponding to the desired pesticide retention time using GC-ECD. The mean values ( ഥ ) for
the amounts of the six replicates and their standard
deviation (SD) were calculated separately for each
pesticide [17]. The DL for cypermethrin and
chlorpyrifos were calculated according to the following equation [18]:

Sample Preparation and Extraction. Fifty
samples of tomato fruits were collected randomly
from the local market during the period from July to
October 2015. The size of each sample taken for
analysis was around 1 kg, as recommended by Codex Alimentarius sampling guidelines [14]. All samples were kept in polyethylene plastic bags, then labelled and refrigerated at 5oC until pesticides residues analysis within 3 days. QuEChERS method was
used for extraction of cypermethrin and chlorpyrifos
residues from tomato fruits [15]. This method based
on the extraction of pesticides with acetonitrile and
partitioning with anhydrous magnesium sulphate.

 ܮܦൌ ܺത   ሺ͵ ൈ ܵܦሻ ǥ ǥ ǥ ǥ ǥ ǥ ǥ Ǥ ሺͳሻ
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After determination of DL for each pesticide, a
blank sample was spiked with the desired concentration and determined by GC-ECD.
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were calculated and analyzed. The obtained data
were subjected to statistical analysis using MSTATC programme version 1.4, were Least Significant
Difference test (LSD) was used at 0.01 probability
level.

Blank and Recovery Tests. Blank test was
performed to make sure that the solvent and apparatus are free from any residues of cypermethrin and
chlorpyrifos. Ten ml of acetonitrile was placed in 50
ml Teflon centrifuge tube, and then the procedures
for extraction and GC-ECD analysis were followed
as described previously. For recovery test blank tomato juice samples that are previously analysed and
proven to be free from any cypermethrin and
chlorpyrifos residues were used to perform this
test.Ten grams of homogenised blank tomato juice
samples were placed in 50 ml Teflon centrifuge tube
and spiked separately to obtain 0.1 and 1.0 ppm from
each pesticides. The extraction and clean-up procedures were preceded as previously described.
This test was repeated three times for cypermethrin and chlorpyrifos at the spiked amounts of 0.1,
and 1.0 ppm to assess the efficiency of QuEChERS
method for extraction.
The recovery percentage of each pesticide was
calculated according to the following equation:
  ሺΨሻ
  
ൌ

 
ൈ ͳͲͲ ǥ ǥ ǥ ǥ ǥ ǥ ሺሻ

RESULTS AND DISCUSSION
Pesticides Residues Analysis. The cypermethrin and chlorpyrifos pesticides were identified by
comparing their retention times and quantified from
the established standards calibration curves for each
pesticide.
Blank test. All the blank tests did not show any
residues of cypermethrin and chlorpyrifos. These
blank tests indicated that there were no contaminations due to reagents and/or equipment.
Detection limits (DL) and retention time. The
results in table 1 shows cypermethrin and chlorpyrifos minimum detection limits and the retention time
for the analysis of three blank tomato fruit samples.
TABLE 1
Detection limits (DL) and retention time of cypermethrin and chlorpyrifos pesticides, using
GC-ECD.
Pesticides

Effect of Tomato Fruits Ozonation At 0.4
Ppm On Stability Of Cypermethrin And
Chlorpyrifos. To investigate the declining pattern in
cypermethrin and chlorpyrifos pesticides residues in
tomato fruits, the samples were treated as follows:
Samples made of five tomato fruits (1 kg each)
(free from cypermethrin and chlorpyrifos) were
treated with five different pesticides concentrations
0.05, 0.1, 0.5, 1 and 5 ppm for each of cypermethrin
and chlorpyrifos. Each sample was treated with 0.4
ppm ozone for 1, 5, 10 and 30 minutes using the
Fruits and Vegetables Washer, which is domestically
used to eliminate pesticide residues in fruits and vegetables. The effect of ozone treatment on cypermethrin and chlorprifos were evaluated by analysing tomato fruits samples before and after the treatment.
The treated tomato fruits samples were held inside
the cleaning chamber during ozone treatment. Samples were taken separately after 1, 5, 10 and 30
minutes for each pesticide determination. Each sample was extracted as previously described and analysed using GC-ECD to determine the recovered
amounts of cepermethrin and chlorpyrifos in order to
evaluate the efficiency of ozonation on the reduction
percentages of cypermethrin and chlorpyrifos with
time.

Cypermethrin
Chlorpyrifos

Detection limits*± SE**
(ppm)
0.010 ± 0.003
0.003 ± 0.001

Retention
Time
(min)
28.464
16.961

*Values calculated based on six replicates of the blank tomato
fruits samples.
** SE= Standard Error

TABLE 2
Recovery percentages of cypermethrin and
chlorpyrifos pesticides from tomato fruits samples spiked with different concentration levels.
Pesticide

Spiked amount
(ppm)
Cypermethrin
0.05
0.1
0.5
1.0
5.0
Chlorpyrifos
0.05
0.1
0.5
1.0
5.0
* Values are means of three replicates.
** SE= Standard Error

Recovery %*±
SE**
96.0 ± 0.01
93.0 ± 0.02
91.4 ± 0.05
98.9 ± 0.06
99.6 ± 0 .06
94.0 ± 0.01
94.0 ± 0.02
93.2 ± 0.05
95.3 ± 0.06
91.0 ± 0.06

Recovery test. Recover studies were performed to examine the efficacy of extraction and
clean up. Table 2 shows the mean recoveries percentages from blank tomato fruit samples spiked with
different concentrations from cypermethrin and
chlorpyrifos pesticides.

Statistical Analysis. The design of the experiment was Complete Randomised Design (CRD) with
three replicates. Mean values and standard error
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97.87% for the spiked tomato fruits at concentrations
of 0.05 and 0.1 ppm, but at 0.5, 1 and 5 ppm the recovered chlorpyrifos amount was 0.022, 0.049 and
0.189 ppm, respectively, with reduction percentages
of 95.28, 94.86 and 95.85%, respectively. It must be
noted that the ozonation treatment for 30 min could
not reduce the concentration of chlorpyrifos in tomatoes fruits lower the European MRL (0.01) ppm for
the initial concentration of 0.5, 1.0 and 5 ppm, even
the percentage of reduction greater than 90%.

Effect of Ozonation Treatment At 0.4 Ppm
And Exposure Time On Chlorpyrifos And Cypermethrin Reduction Percentages At Different
Spiked Levels In Tomato Fruits. Chlorpyrifos.
Results presented in table (3) showed the recovered
amounts and the reduction percentages of chlorpyrifos after being exposed to ozone at 0.4 ppm in tomato
fruits. The recovered amounts of chlorpyrifos decreased sharply after half an hour of exposure to
ozone with maximum reduction percentage of

TABLE 3
Effect of tomato fruits ozonation at 0.4 ppm on chlorpyrifos persistence at different spiked concentration
levels, using GC-ECD. *
Spiked amount
(ppm)
0.05
0.1
0.5
1.0
5.0
Exposure Amount
Amount
time
RecovReducAmount reAmount
Amount rerecovered Reduction
Reduction
Reduction
Reduction
(min)
ered
tion
covered
recovered
covered
(ppm) ± % ± SE
% ± SE
% ± SE
% ± SE
(ppm) ± % ± SE**
(ppm) ± SE
(ppm) ± SE
(ppm) ± SE
SE
SE
0.047
0.094
0.953
0
0.000e
0.000e
0.466 ±0.051 0.000e
0.000e
4.549 ±0.061 0.000e
±0.011
±0.021
±0.061
27.66±
20.82
± 0.766
19.62
13.59
±
0.033
29.79 ± 0.068
0.369 ±0.052
3.931±0.152
1
±0.000
1.11d
1.57d
±0.131
±1.33d
1.88d
±0.023
1.50d
53.19
±
49.57
± 0.490
48.58
42.85
0.021±0.0 55.32 ± 0.044
0.235 ±0.041
2.600±0.181
5
±0.000
1.81c
1.93c
±0.080
±1.20c
±1.17c
00
1.02c
73.40
±
71.03
± 0.233
75.55
±
68.35
0.013
72.34 ± 0.025
0.135 ±0.010
1.440±0.110
10
±0.020
0.28b
0.96b
±0.022
0.12b
±0.25b
±0.000
1.84b
97.87
±
95.28
± 0.049
94.86
95.85
0.001
97.87 ± 0.002
0.022 ±0.013
0.189 ±0.091
30
±0.011
0.97a
0.32a
±0.051
±0.94a
±0.75a
±0.000
0.00a
* Values are means of three replicates ± SE.
**Means of reduction percentages within the same column with different letters are significantly different using LSD test at 0.01 probability
level.

TABLE 4
Effect of tomato fruits ozonation at 0.4 ppm on cypermethrin persistence at different spiked concentration
levels, using GC-ECD. *
Spiked amount
(ppm)
Expo- 0.05
Amount
sure
Recovered Reduction
time
(min) (ppm) ± % ± SE**
SE

0.1
0.5
1.0
5.0
Amount
Amount reAmount reAmount reReduction
Reduction covered
recovered Reduction covered
Reduction covered
% ± SE
% ± SE
% ± SE
(ppm)
± % ± SE
(ppm)
±
SE
(ppm)
±
SE
(ppm)
±
SE
SE

0

0.048
±0.011

0.00e

0.093
±0.020

1

0.045
±0.020

6.25
1.50d

5

27.08
0.035±0.00 1.02c

10

0.015
±0.00

68.75±
1.84b

30

0.008
±0.00

83.33
0.00a

0.989
±0.063

0.00e

± 0.087
±0.002

0.851
6.45 ± 1.11d 0.429 ±0.051 6.13 ± 1.57d ±0.130

13.95
1.33d

±

14.83b±
4.240 ±0.150 1.88d

± 0.071
±0.002

23.66
1.81c

±

26.70
0.335 ±0.040 1.93c

± 0.626
±0.082

36.70
1.20c

±

3.111 ±0.181 37.51 ±1.17c

0.028
±0.021

69.89
1.54b

± 0.135 ±0.012 70.46
0.96b

± 0.268
±0.021

72.90
0.12b

± 1.260±0.115 74.69
0.25b

±

± 0.016
±0.012

82.80
0.97a

± 0.074 ±0.037 83.81
0.32a

± 0.149
±0.055

84.93
0.94a

± 0.633 ±0.090 87.28
0.75a

±

0.00e

0.457 ±0.053 0.00e

4.978 ±0.062 0.00e

* Values are means of three replicates ± SE.
**Means of reduction percentages within the same column with different letters are significantly different using LSD test at 0.01 probability
level.
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CONCLUSION

Cypermethrin. The recovered amounts and
the reduction percentages of cypermethrin presented
in table (4) calculated after ozonation of tomatoes
fruits at 0.4 ppm for different periods of time. The
reduction percentage of cypermethrin increased to
less than 74 ppm after ten minutes for the spiked tomato fruits at concentrations of 5 ppm, while after 30
min the maximum reduction percentage of cypermethrin in tomatoes fruits was 87.28% of the spiked tomato fruits. Cypermethrin EU-MRL on tomatoes
fruits equal to 0.5 ppm, this concentration could be
exceeded for the initial concentration of 1 ppm after
10 min of ozonation treatment, but for 5 ppm initial
concentration it could not be reached even after 30
min of ozonation treatment.
Ozonation treatment at 0.4 ppm for tomato
fruits showed significant reduction of chlorpyrifos
and cypermethrin for all initial concentrations (0.05,
0.1, 0.5, 1, and 5) ppm. The reduction percentages
after 30 min of treatment of tomatoes fruits ranged
from 96 % to 98% for chlorpyrifos, and from 83% to
87% for cypermethrin. These findings agreed with
Swami et. Al [19] who showed that the reduction
percentages of chlorpyrifos after ozonation of apple
at rate of 200 mg h-1 for 30 min was 95.2%.
Lozowickg et. al [20] found that ozonation
treatment at 1 ppm ozone concentration for strawberry was efficient to reduce 16 pesticides residues
even after 5 min of treatment. The reduction percentages for chorpyrifos and alpha-cypermethrin were
75% and 58%, respectively, which is agreed with our
findings. The ability of ozonation in reduction of
these pesticides amount is related to the ability of
ozone to generate hydroxyl radicals in aqueous solution, which are highly effective to decompose
chlorpyrifos and cypermethrin, so as the time of exposure increased hydroxyl radicals continued to be
generated throughout the treatment, and more residues degraded [13]. In general, the effect of ozonation on the degradation of chlorpyrifos and cypermethrin residues is highly affected by the time of exposure, whenever the ozonation increased for long period of time, the degradation of chlorpyrifos and cypermethrin residues also increased. The statistical
analysis showed that there were significant differences (P d 0.01) between chlorpyrifos and cypermethrin residues reduction percentages after ozonation,
for all the spiked concentration levels at 3, 5, 10, 15
and 30 min. chlorpyrifos and cypermethrin residues
recovered amount decreased significantly with time
after ozonation treatment at 0.4 ppm to reach a concentrations that are below the EU-MRL after 30 min
of treatment and the reduction percentages were increased with increasing ozonation exposure time.
The authors concluded that ozonation treatment
could be considered as an efficient treatment to remove high concentrations of pesticide residues if
ozone generated continuously for a sufficient time of
treatment.

Ozonation is an effective method to reduce
chlorpyrifos and cypermethrin residues from fruits
and vegetables and can significantly reduce the residues below the maximum residue limits. However,
chlorpyrifos pesticide is more sensitive to degradation by ozone than cypermethrin. Exposure time to
ozone washing was an important factor to reduce the
spiked amount below the maximum residue limits.
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been prohibited in Pakistan since 2000, yet use of
leaded petrol, paint, oil, Surma and lubricant is
common. As a result, lead content is increasing at
an alarming rate in the environment [18].
Exposure of plants to elevated lead concentration results in loss of cell membrane permeability,
dark green leaves, wilting of older leaves, stunted
vegetation, and brown little roots [19].
Foliar Pb uptake due to aerial depositions can
increase Pb concentrations in plant parts resulting in
retardation of plant growth [9, 20, 21]. The inhibitory impacts might be because of obstruction with
enzymes basic for typical metabolic, photosynthetic
procedures, water and mineral supplement retention, and changes in cell ultra-structure [22-24].
Due to variation in leaf morphology, plant species
may differ in their ability to aerial Pb absorption
[25, 26]. However, plant leaves showed obvious
symptoms of Pb toxicity through reduction in their
number, size, fresh and dry weights as well as
changes in photosynthetic pigments etc [27]. Metal
transfer through roots have been studied extensively
[10, 28-30] but little information is available regarding uptake of metals by plant leaves coming
from atmosphere.
Recently, reported Pb uptake by lettuce leaves
[31]. They reported that deposition of particulate
matter on leaves of certain plants may be kept by
sticky waxes and little hairy structures called trichrome while some of Pb deposited on PM gets into
the plant tissues. According to Lagerwerff [32],
forty percent of the lead accumulated in leaves of
radish plants grown near a highway was reported to
come from the traffic [32].
Rice is the main food crop in Asia and it contains carbohydrates, fats, proteins and elements like
iron, calcium, riboflavin and niacin [33]. It is very
important to understand the exposure of rice to high
concentration of lead particularly its foliar absorption and distribution in rice plant. The experiment
was planned to increase the understanding of the
foliar applied Pb adsorption by rice plants and its
growth response with increasing level of Pb application.

ABSTRACT
Metallic particulate matter has been released
into the environment that can be deposited on aerial
parts of vegetation in terrestrial ecosystems. Foliar
transfer of metals and their fate in plant leaves is
still unclear although it is contributor to the transfer
of metals into plant body. The study was conducted
with the objective of investigating the possible
effects of various concentration levels (0, 10, 20,
and 30 mg L-1) of foliar-applied Pb on rice (Oryza
sativa L.) grown in half strength Johnson¶s nutrient
solution. The results showed that increasing levels
of lead application decreased fresh and dry weights
of rice compared with control. Lead concentrations
in roots increased with increasing rate of
application. The overall results indicated
bioaccumulation of foliar applied lead in rice
plants.

KEYWORDS:
Heavy metal, air pollution, metal translocation, adsorption, bioaccumulation

INTRODUCTION
In urban environment lead mainly entering
through burning of leaded materials [1, 2]. Different
industrial activities and processes like combustion,
mining and smelting of ferrous and non-ferrous
material and waste incineration comprise the
sources of Pb in biosphere [3-7]. Since 1950, the
major share of Pb in environment was contributed
by the use of leaded gasoline as energy source [810]. The use of anti-knocking agents like tetra ethyl
and tetra metyhl lead in fuel (petrol) contributed to
significant increase in concentration of Pb in atmosphere [11-13]. In 2014, the total lead production on global scale was 11.3 million tons [14]. Recycling processes in developing countries results
production of lead dust and fumes which seriously
affecting human health [9, 15]. Such elevated Pb
level can pose substantial risks to humans [16, 17]
and but also native flora. The Pb may enter food
chain via its absorption by plants.
Although sale and use of leaded gasoline has
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MATERIAL AND METHODS

RESULTS AND DISCUSSION

Plant material and hydroponic culture. The
experiment was conducted in green house at University of Agriculture, Faisalabad Pakistan
(73º04'34"N, 31º26'56"E). The nursery of rice
(Oryza sativa L. cv. KS-282) was grown in acidwashed gravel culture and half strength Johnson¶V
nutrient solution was applied after sprouting of
seedlings [34]. After fifteen days, two seedlings of
rice nursery grown were transplanted per hole in
each pot. Each pot consisted of 10 L half strength
Johnson¶V nutrient solution. The composition of
nutrient solution was as follows (in mM) 2000
KNO3, 500 Ca(NO3)2.4H2O, 100 NH4H2PO4, 200
MgSO4.7H2O, 50 KCl, 12 H3BO3, 2.0 MnSO4.H2O,
0.5 ZnSO4.7H2O, 0.2 CuSO4, 0.1 H2MoO4, 20 FeEDTA. The pots of each triplicate treatment were
randomly arranged. The floating polystyrene sheets
were fixed to rims of pot by applying adhesive tape
to avoid the penetration of aerially applied Pb solution in Johnson growth medium. The pH of nutrient
solution was maintained at 5.0 using 1 N HCl and 1
N NaOH. There was replacement of nutrient solution on weekly basis during the study period. Five
days after transplanting seedling into pots, rice
seedlings were sprayed with the already mentioned
Pb(NO3)2 e solution five times with five days interval. Washing detergent, Brand name Aerial as surfactant at rate of 2.50 mg L-1 was added to the spray
solution to enhance the adhesion of spray material
to the aerial parts of plant. The foliar application of
Pb nitrate was opted using spray gun in the evening
time to limit the losses of lead by volatilization.

Effect of foliar application of Pb on rice
growth. Rice growth parameters such as number of
tillers, shoot length, shoot fresh and dry biomass,
root fresh and dry biomass was significantly decreased with foliar application of Pb and increasing
rate of Pb application (Fig. 1). Number of tillers in
plants grown with 30 mg L-1 of Pb application was
three times lower than those in plants grown without Pb application. The differences in shoot length
were significant among different treatments and
lowest shoot length was observed at higher Pb application.
Shoot and root fresh and dry weights showed
similar trend as both were decreased with increasing levels of Pb foliar spray. The decrease in both
parameters was more than 5 times (Fig. 1). The
plants died in treatment receiving Pb application
with 30 mg L-1 after 5th spray.
Lead concentration. Lead concentration in
shoots increased with increasing rate of Pb application, being the highest 594 mg kg-1 with 30 mg L-1
Pb application (Fig. 2). Lead concentration in roots
followed the same pattern as that of shoots. It was
highest (158 mg kg-1) in plants receiving application
of Pb at 30 mg L-1 (Fig. 2). A significant negative
linear relationship (r = 0.85, p<0.05) between root
dry matter and Pb concentration in roots was compared (Fig. 3). Lead contents in both shoots and
roots were increased significantly with Pb application rate (Fig. 2). The dry matter of plants grown
with 30 mg L-1 Pb was lowest, but the highest concentration at this treatment resulted in almost equal
Pb contents in shoots of plants receiving 10 mg L-1
or 30 mg L-1.
Heavy metals in soil and air are potential
threats to humans as these metals can enter food
chain through its absorption and translocation in
fruit/grains [4, 36]. Lead is a spread in both soils
and air in environment where industry and traffic is
dense [37]. However its absorption through leaves
and accumulation and translocation towards roots is
rarely reported [10, 38]. The present investigation
was conducted to study the absorption through
leaves and onward translocation of Pb toward roots
in plants. The plants were grown with five different
levels of foliar applied Pb. The low dry matter yield
with increasing rate of Pb application might be due
to the interference of Pb with metabolic processes
[39]. There are several reports on adverse effects of
high concentration of Pb, for example plant chlorophyll content [40], carotenoids [41], proteins [42],
nitrate reductase activity, lamina and mesophyll
thickness, epidermal cell size and xylem vessel diameter [43]. The alteration in the plant metabolism
may lead to drastic reduction in dry matter yield,
which was visually observed from the growth suppression (Fig. 1).

Plant growth and sampling. Plants were harvested after 45 days of transplanting. Both roots and
shoot were sampled separately. Immediately after
harvesting, there was washing of plant samples using 1% HCl followed by immediate washing with
distilled water and air dried under paper cover followed by oven drying at 65±5 °C.
Analytical method. The grinding of oven
dried samples was carried out to allow passage
through a 40-mm sieve. Then digestion of grounded
plant material was carried out 10 mL 1 to 3
HNO3:HClO4 mixture to colourless residues [35].
Filtration of digestion solution was carried out
through Whatman No. 42 filter paper and diluted to
50 mL. Concentration of Pb in digests was determined by using Hitachi Polarized Zeeman Z-8200
atomic absorption spectrophotometer, Tokyo, Japan.
Statistical analysis. All the data were processed by statistical package SAS (version 9.0).
Data were tested at significant levels of P<0.05
using one way ANOVA. Graphs were prepared
using Microsoft Excel 2010 software.
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FIGURE 1
Number of tillers (A), shoot length (B), shoot and root dry weights (C, D) of rice plants grown with
different rates of foliar applied lead. Whereas Least significant differences (LSD)
for A, B, C and D are 13.88, 3.26, 2.96 and 1.05 respectively

FIGURE 2
Lead concentration in shoot (A), in roots (B), Lead contents in shoot (C) and in root (D) of rice grown with
different levels foliar applied lead. Whereas Least significant differences (LSD)
for A, B, C and D are 104.4, 44.59, 1.76 and 1.89 respectively
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FIGURE 3
Inter dependance between lead concentration in shoots, roots and dry matter yield
(SDM = Shoot dry matter; RDM = Root dry matter; R2 = Corelation coefficient).
studies are needed to explore the Pb translocation
within plants and mechanisms reducing growth and
yield and to identify crop species having resistance
against Pb toxicity and its absorption through
leaves.

The increased Pb concentration in shoots
caused a significant reduction in shoot dry matter
(Fig. 3). The increased shoot Pb concentration
clearly indicated the foliar absorption of Pb. High
concentration of Pb at leaf surface not only injured
the cell but also disturb the barrier ability of plasma
lemma and tonoplast resulting decreased photosynthetic activities of plant leaves [44]. The higher
concentration of Pb might also result in smaller
lamina and mesophyl thickness, reduction in epidermal cell size and diameter of vessels and thus
lower biomass and dry matter [45].
The increased Pb concentration in roots with
foliar applied Pb (Fig. 3) indicated its translocation
to roots via phloem deloading process where most
of the Pb is attached to cell walls in roots and competes with Ca2+ in absorption of cations by the carboxylic groups of the organic compounds [46, 47].
It seems that Pb deposited onto leaf surfaces have
penetrated into inner tissues and can be translocated
towards roots where it precipitation, mainly in the
form of Pb-carbonates [10, 38, 48]. Strong correlation between shoot Pb concentration and root Pb
concentration showed its translocation, though Pb
concentrations in roots were quite lower than those
in shoots. Lead contents in roots were reduced
when plants were receiving higher Pb contents as
less lead contents were translocated from shoot to
root portion.
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stations; however, such approaches only represent
the SM content of a very small area around the site
and do not accurately represent SM at larger scales,
which severely limits the application of SM analysis
in agricultural research [4]. By contrast, remote
sensing technology has provided a method of measuring and monitoring SM on a large spatial scale
with a low associated cost [5], and various approaches have been developed and widely used to
monitor SM in using this technique [6-10].
Four main remote sensing technology methods
have been highly developed and are the most
widely used to determine SM: the thermal-inertia
method [8], the vegetation index method [6], the
temperature index method [7], and the multisource
remote sensing method [10].
However, although these methods are widely
used, they have certain inherent limitations when
used in SM retrieval studies. For example, the thermal-inertia method is based on the thermal-inertia
characteristics of soil, and its use in SM retrieval is
therefore limited to application on bare or sparsely
vegetated soils [9]. The vegetation index method has
an evident time lag because of the vegetation time
lag response to soil moisture [11]. Furthermore, although the temperature index method of monitoring
SM is based on the relationship between land surface
temperature (LST) and SM, overcoming the impact
of vegetation coverage is difficult [2]. To overcome
this impact, the temperature-vegetation dryness index (TVDI) method was proposed to monitor SM according to the relationships of the vegetation index
and LST with SM [12]. This method has been widely
used in studies of SM retrieval based on remote sensing technology.
The TVDI method for SM retrieval is based on
the characteristics of the feature space of the land
surface temperature±vegetation index (LST-VI),
which was first proposed by Price in 1990 to study
SM [13]. Sandholt et al. proposed the TVDI to estimate SM using the empirical relationship between
LST and the normalized difference vegetation index
(NDVI) based on the LST-VI feature space [14].
Following this study, many researchers have developed indices for drought monitoring and SM estimations based on the TVDI [2,5,12]. The vegetation index and LST are the key variables in the LST-VI feature space, and estimations of the vegetation index

ABSTRACT
Accurately estimating soil moisture in arid regions is extremely important for agricultural development and soil and water conservation in droughtprone areas. To reduce the error caused by surface
temperature when inverting soil moisture content
with the temperature-vegetation dryness index
(TVDI), this study employed daily evapotranspiration (ET) as a parameter to replace land surface temperature (LST) and implemented a new spatial index
to establish a soil moisture (SM) model in droughtprone areas. The counties of Wugong and Fufeng in
Shaanxi Province, China are used as the study areas
to verify the novel SM monitoring approach by using
daily ET and the normalized difference vegetation
index (NDVI). The correlation between LST and ET
was higher than 0.8, and the results demonstrated the
feasibility of retrieving the SM content using ET in
place of LST. In addition, the ET vegetation dryness
index (EVDI) feature space can be used to retrieve
the SM content through a decision support system
for agrotechnology transfer cropping system model.
A linear correlation of SM measured at different
depths revealed that the EVDI is superior to the
TVDI for obtaining soil water content and that soil
moisture content measured at 0±10 cm has a high
correlation with both the EVDI and TVDI than soil
moisture content measured at depths of 20±30, 30±
40, and 40±50 cm.


KEYWORDS:
Evapotranspiration, NDVI, Soil moisture, Land surface
temperature

INTRODUCTION
Soil moisture (SM) is one of the most important
variables within the land surface system, and it has a
large impact on water and energy balances in the
soil±plant±atmosphere system [1,2]. Accurately
monitoring SM content can enable estimates of the
distribution and possible future changes of SM and
thus improve agricultural water-use efficiency [3].
Traditional approaches used to measure SM are
based on analysis and sampling conducted at ground
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LST-VI feature space for estimating SM.
By contrast, daily evapotranspiration (ET) is
principally the same when inverted by different remote sensing images. Therefore, this study used
daily ET as a replacement for LST to establish a new
feature space for estimating SM. The objectives of
this study are as follows: (1) to test the relationship
between ET and LST with the aim of confirming
whether ET can be used to replace LST in SM inversion based on the LST-VI feature space; (2) to validate the ET-VI feature space used for SM inversion
using the decision support system for agrotechnology transfer (DSSAT) crop growth model; (3) to validate the ET-VI feature space based on remote sensing data, validate the novel approach for SM monitoring using in situ SM measurements, and compare
the results with those of LST-VI feature space inversion.

and LST strongly affect TVDI calculations. However, due to certain remote sensing data limitations
caused by underlying heterogeneity and varying atmospheric conditions, the LST-VI feature space may
produce SM inversion errors [15], although it considering of vegetation and temperature index. To
overcome problems caused by the vegetation index
and LST, a considerable amount of research has been
conducted to improve the LST-VI feature space.
The various vegetation indices have differing
sensitivities to different areas of vegetation coverage.
Therefore, these indices have differing accuracies
when constructing the feature space to retrieve SM
for different vegetation coverages [16]. Therefore,
Shan et al. used the enhanced vegetation index as an
alternative vegetation index in the estimation of
TVDI to improve its ability of retrieving SM [17];
moreover, Zhang et al. used fractional vegetation
cover to estimate SM based on a universal triangular
space [18]. Increasingly many vegetation indices are
being used in SM retrieval.
The LST-VI feature space has inherent problems when used in practical applications due to difficulties with LST inversion. LST data acquired by
remote sensing technology represent the instantaneRXV WHPSHUDWXUH RI WKH (DUWK¶V VXUIDFH, and this
causes uncertainly for the TVDI to estimate SM.
Therefore, some studies have focused on using the
surface temperature difference (the difference between LST and air temperature) to estimate SM. For
example, Parinaz et al. used the surface temperature
difference to form the TVDI for vegetation±soil water stress [12], and Lei Fan et al. used the ǻ7)U
(fractional vegetation cover) space based on the
LST-VI feature space to estimate SM [19]. However,
remote sensing image time acquisition is different
for each satellite, and LST changes continually
within a 24-h period. Therefore, LST data obtained
from different sensors do not produce the same inversion results, thus reducing the universality of the

MATERIALS AND METHODS
Theory of the LST-VI feature space. Studies
have shown that scatter plots of LST and vegetation
indices based on remote sensing data appear triangular. In this study, the triangular space was established
based on the assumption that the vegetation coverage
in the study area ranges from bare soil to full vegetation cover and that the soil ranges from extremely
dry to extremely wet [2] (a simplified diagram of the
LST-VI feature space is shown in Figure 1). The
LST-VI triangular feature space contains different
types of vegetation coverage (bare soil, partial cover,
full cover) and different amounts of SM (dry edge to
wet edge, where the dry edge represents extremely
dry soil with the lowest amount of SM and the wet
edge represents extremely wet soil with the largest
amount of SM).

No Evaporation
No Transpiration

Ts

Dr
Bare
soil

ye

dg

e
TV

DI=

1

Partial
cover
Full cover

Wet edge

TVDI=0

Max Transpiration

Max Evaporation

NDVI

FIGURE 1
Feature space comprising land surface temperature (LST) and vegetation index (NDVI).
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for surface temperature, because studies have shown
that the error of the LST obtained by the universal
split-window algorithm is less than 1.0 °C [21], and
emissivity parameters were determined using the
NDVI threshold method. The LST of Huan Jing-1B
(HJ-1B) data was obtained using a single-channel algorithm because studies have shown a higher accuracy for LST obtained using this algorithm [22].

As shown in Figure 1, the top edge of the triangular feature space represents extremely dry soil
with no ET, and the base of the triangular feature
space represents extremely wet soil with maximum
ET. The space between the top and base shows a varying SM condition [20], and the triangular feature
space shows increases and reductions in LST and reductions and increases in ET. There is a negative correlation between LST and ET. The TVDI is defined
according to the following equations:

TVDI

LST  LSTmin ,
LSTmax  LSTmin

Surface energy balance algorithm for land
(SEBAL). Daily ET is one of the main components
of the novel approach proposed in this paper for SM
monitoring. Four methods are most commonly used
to estimate daily ET using remote sensing data, and
the theory of these methods is based on surface energy balance theory [23]. The surface energy balance
algorithm for land (SEBAL) is an ET inversion algorithm that has been widely used in recent years
[24,25]. The expression for the surface energy balance theory is shown in Equation (4).

(1)

LSTmax

a1  b1 * NDVI ,

(2)

LSTmin

a2  b2 * NDVI ,

(3)

Fresenius Environmental Bulletin

where LST is the land surface temperature of
the pixels, and LSTmax and LSTmin represent the
highest and lowest land surface temperatures corresponding to a particular NDVI, respectively. Wet
and dry edges are determined by linear regression
analysis, and a1 , a2 , b1 , and b2 are the undeter-

O ET

R  G  H  PH ,
n

where O ET is the latent heat flux, O is the latent heat of vaporization, Rn is the net radiation at

mined coefficients.

the surface, G is the soil heat flux, H is the sensible
heat flux to the air, and PH is the energy used for
plant photosynthesis, which is small and can be neglected.

Land surface temperature (LST). LST is one
of the most important parameters used in this study.
Different remote sensing data require different inversion algorithms. In this study, MODIS data were retrieved using the universal split-window algorithm
Input
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FIGURE 2
Retrieval flows in the SEBAL model.
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Decision support system for agrotechnology
transfer (DSSAT) The DSSAT cropping system
model is one of the crop models most widely used to
simulate crop growth and development [28], and the
DSSAT has already been successfully used in many
regions for various purposes. The DSSAT model can
better simulate SM and the water balance [29], and
it can yield SM, ET, and other crop information on a
daily basis [30]. The input parameters for the
DSSAT model include crop management information, soil profile data, cultivar parameters, and
daily weather forcing data.
The aim of this study was to determine the relationship between SM, the feature space of ET, and
the NDVI. ET, SM, and the leaf area index (LAI)
were obtained on a daily basis using the DSSAT
cropping system model. To then obtain the feature
space of ET and the NDVI, LAI was converted to the
NDVI.

Atmospheric transmittance is the core process
in the atmospheric radiation transmission calculation, and, assuming a clear sky and relatively dry
conditions, its value can generally be estimated from
FAO-56 by using an empirical formula [26]:
(5)
W sw 0.75  2 u105 u z ,
where z is the elevation above sea level (m).
Retrieval of daily ET based on the SEBAL
model requires the acquisition of surface net radiation, soil heat flux, and sensible heat flux. Figure 2
briefly describes the SEBAL model inversion process, where the key of SEBAL model calculation is
the solution of sensible heat flux. The SEBAL model
introduces a linear relationship between air temperature, the reference altitude, the surface temperature,
and Monin-Obukhov theory, which solves the sensible heat flux calculation using an iterative algorithm
[26].
Because satellites obtain instant images, the ET
obtained from satellite images is an instantaneous
representation of the value at that time. In this study,
temporal ET was extended on a time scale to obtain
daily ET. The calculation of daily ET is shown in
Equation (6) [27],

/

O ET

O ET24

Rn  G

R24  G24

,

STUDY AREA AND DATA
Study area. The study area was located on the
Guanzhong Plain in Shaanxi Province, China, and
covered the two counties of Wugong and Fufeng
(107°45'±108°19' E, 34°12'±34°37' N), an area of approximately 1210.2 km2. The study area had an elevation of approximately 600 m, a continental semihumid monsoon climate, an average annual temperature of approximately 12.7 °C, and a mean annual
rainfall of 500±700 mm, which is typical of droughtprone areas in northern China [32].

(6)

where ' is the evaporative fraction, O ET is the
latent heat flux, Rn is the net radiation at the surface,
G is the soil heat flux, R24 is the daily net radiation,

G24 is the daily soil heat flux, and

O

Fresenius Environmental Bulletin

is the latent heat

of vaporization.
TABLE 1
Correlation between NDVI and LAI in different growth stages of summer maize.
Inversion model
Model accuracy

Vegetative growth period
LAI=5.158*NDVI+1.057
R2=0.710

Tasseling stage
LAI=4.734*NDVI+0.5057
R2=0.508

Reproductive stage
LAI=4.546*NDVI+0.186
R2=0.700

Note: Information obtained from [31].

FIGURE 3
Elevation of study area and distribution of sampling points.
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In situ measurement data. To establish an SM
inversion model, measured SM content data were
collected from 18 sampling sites randomly distributed throughout the study area when the satellite
transit (Figure 3), where soil and crop types were the
same at all sites. The SM content data were related
to measurements made at depths of 0±10, 10±20, 20±
30, 30±40, and 40±50 cm using a time domain reflectometry (TDR) instrument. Results showed that
the TDR instrument had a high accuracy for measuring SM in the study area. The R2 of the SM content
obtained with the TDR instrument reached 0.9559.

Fresenius Environmental Bulletin

one day, six planting dates (May 6, May 16, May 26,
June 05, June 15, and June 25) were chosen for simulation; other input parameters remained the same.
RESULTS AND DISCUSSION
Correlation between ET and LST. To verify
the feasibility of using ET instead of LST, MODIS
data from different periods in 2016 were used to analyze the correlation between ET and LST (January
25, February 7, March 11, April 16, May 16, June
13, July 28, August 28, September 8, October 2, November 13, and December 6, 2016). A linear analysis
of the correlation between ET and LST was then performed using the MATLAB platform.
The scatter plots of LST and ET at different
times (Figure 4) reveal a significant negative correlation in the LST-VI feature space. In addition, linear
regression results for the scatter plots demonstrated
that the correlation between LST and ET differed for
the different dates in 2016. The R2 values for linear
regression were 0.8144, 0.8870, 0.8562, 0.9781,
0.9967, 0.8658, 0.8757, 0.9982, 0.9961, 0.8050,
0.9883, and 0.9481 for January 25, February 7,
March 11, April 16, May 16, June 13, July 28, August 28, September 8, October 2, November 13, and
December 6, 2016, respectively. Results demonstrated that the correlation between LST and ET was
higher than 0.8 for one year; moreover, a highly significant negative correlation was observed between
LST and ET. Rivas and Caselles [36]developed a linear equation to estimate spatial reference ET from
local standard meteorological data, with LST based
on remote sensing data. Therefore, a higher linear
correlation is evidently obtained by estimating ET
when LST is based on remote sensing data, and ET
can feasibly replace LST. The linear equation to estimate ET with LST based on remote sensing data is

Remote sensing data source and reprocessing. This study used MODIS data from the
NASA website (https://modis.gsfc.nasa.gov/) for
January to December, 2016, to conduct a correlation
analysis between ET and LST [33]. In addition, HJ1B data from July 19, August 5, and September 11,
2017, were downloaded from the China Center for
Resources Satellite Data and Application
(http://www.cresda.com/) [34] for model building.
The HJ-1B satellite is a Chinese small environmental
satellite with independent intellectual property rights
that was successfully launched in China in 2008; it
has the advantages of a high spatial resolution (30 m)
and high temporal resolution (revisit period 2 d). Remote sensing image preprocessing includes radiation
correction, geometric correction, atmospheric correction, and research area cutting.
Meteorological data. Meteorological data
from 2016 and 2017 were obtained from the China
Meteorological Data Sharing Service System website (http://data.cma.cn/) [35] and the Yangling National Weather Station, respectively.
Digital elevation model (DEM) data. The digital elevation model (DEM) was acquired from ASTER GDEM V2 products, a free release by NASA.
The DEM had a spatial resolution of 30 m and a vertical accuracy of 7±4 m.

ET

a * LST  b ,

(7)

where LST is the land surface temperature of
the pixels, and a and b are undetermined coefficients ( a is negative).

Simulation data. Input parameters of the
DSSAT model mainly included four sections: crop
management information, soil profile data, cultivar
parameters, and daily weather forcing data. Crop
management information contained planting information and information relating to irrigation and fertilizer [28], and daily weather forcing data contained
daily solar radiation, maximum and minimum temperature, and precipitation. All data were obtained
from the China Meteorological Data Sharing Service
System website. All crop management information,
soil profile data, and cultivar parameters data were
obtained from an experiment conducted using summer maize in an experimental field in Wugong during 2016. To obtain different vegetation indices on

Analysis of DSSAT simulation results. In this
study, ET was used instead of LST to determine its
ability to provide accurate SM inversion. To further
determine the spatial relationship between ET, the
vegetation index, and the SM content and to test the
possibility of inverting the SM content using ET and
the vegetation index, daily growth data of summer
maize (ET, vegetation index, and SM) were selected
based on the DSSAT crop growth model. Simulation
results of SM, ET, and LAI are shown in Table 1 (for
July 20, 21, and 23, 2016), where the NDVI was converted using the LAI with the DSSAT model.
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FIGURE 4
Correlation analysis between ET and LST.
TABLE 2
Simulation results for DSSAT model
Data

2016.7.20

2016.7.21

2016.7.23

SM˄g/cm3˅

LAI

ET˄mm/d˅

NDVI

0.342
0.347
0.349
0.346
0.344
0.310
0.310
0.317
0.313
0.311
0.286
0.286
0.292
0.289
0.287

4.63
4.23
3.94
2.76
1.83
4.55
4.30
4.04
2.90
1.96
4.51
4.40
4.19
3.22
2.22

7.007
7.023
7.040
7.150
7.339
6.751
6.764
6.777
6.863
7.013
4.616
4.620
4.626
4.670
4.744

0.978
0.89
0.826
0.476
0.28
0.96
0.905
0.848
0.506
0.307
0.951
0.927
0.881
0.573
0.362
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0.9547, respectively, and the correlation between
NDVI and ET was higher than 0.92 for similar SM
contents. Figure 5 shows a reasonable linear correlation between NDVI and ET for similar SM contents;
this relationship can be represented by Equation (8).

Similar SM contents for different ET and LAI
over a three-day period from the DSSAT simulation
results were chosen to establish the spatial relationship. Table 2 shows that the SM contents have the
same range throughout a day, although ET and LAI
are different. The linking points for similar SM contents exhibit a linear relationship. In order to validate
the ET-VI feature space used for SM inversion, a linear analysis conducted for ET and NDVI using similar SM contents.
The correlation analysis results for NDVI and
ET show a linear spatial relationship for the similar
SM contents employed. The R2 values for the linear
regression results with SM contents of 0.345, 0.313,
and 0.289 (cm3/cm3) were 0.9213, 0.9341, and

(8)
ET c  d * NDVI ,
where, c and d are the undetermined coefficients ( c is negative).
The feature space of ET and NDVI was obtained by using linear relationships to describe SM
contours (Figure 6). This method was used to describe the ET vegetation index (EVDI).

FIGURE 5
Correlation analysis for T and NDVI with similar SM contents.
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FIGURE 6
Sketch map of EVDI.
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respectively, corresponding to a certain NDVI,
which can be determined using linear regression
analysis to extract the wet and dry edges.

The feature space of ET and NDVI has certain
similarities with the LST-VI feature space, but they
are not identical. As shown in Figure 6, the top edge
of the triangular feature space represents extremely
wet soil with maximum ET, the base edge of the triangular feature space represents extremely dry soil
with no ET, and the space between the top and base
is the varying SM condition. The EVDI is defined as
follows:

EVDI

ETmax

ET  ETmin ,
ETmax  ETmin

ETmin

Feature space and fitting of dry and wet
edges. In this study, three satellite remote sensing
images from 2017 were selected (DOY (days of
year) = 200, DOY = 217, and DOY = 254) to obtain
the dry edge, wet edge, and feature space for SM inversion by using the aforementioned principles and
methods. Through remote sensing data preprocessing and model inversion algorithms, the parameters of NDVI, LST, and daily ET were obtained.
Maximum and minimum LST and ET were then extracted corresponding to each NDVI value by using
steps of 0.01 with the MATLAB 2013 software. Finally, effective points were selected to construct the
feature space.

(9)

a3  b3 * NDVI ,

(10)

a4  b4 * NDVI ,
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(11)

where ET is the ET of any pixel, and ETmax
and ETmin represent the highest and lowest ET,

DOY = 200

DOY = 200

DOY = 217

DOY = 217

DOY = 254

DOY = 254

FIGURE 7
Feature space construction for the study area.
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negative correlation between SM content and TVDI.
Conversely, the SM content decreased with an increase in TVDI, indicating a positive relationship between SM content and TVDI.
Table 4 reveals that the determination coefficients for TVDI and EVDI with the SM content
measured at 0±10 cm were higher than those at 10±
20, 20±30, and 30±40, and 40±50 cm. The R2 of the
fitting equations of TVDI and EVDI with SM content measured at 0±10 cm were higher than 0.6, and
the R2 of these fitting equations measured at 10±20
cm were approximately 0.5. These results indicated
that TVDI or EVDI can be used to measure SM at
soil depths of 0-10 and 10-20, but that they are more
suitable for measuring SM at a depth of 0±10 cm.
The R2 of these fitting equations was lower at depths
of 20±30, 30±40, and 40±50 cm, and SM cannot be
measured in the deep soil layers. The results caused
this may be the sensors data is the surface data and it
cannot reveal the SM in deep soil layer. The correlation coefficient between SM content and EVDI at
different depths was higher than that between SM
content TVDI, as shown in Table 4 and Figure 8.
Therefore, the ET-NDVI feature space retrieves the
SM content better than the TVDI method. This may
be because the novel approach for SM monitoring
based on ET and NDVI reduces the impact of instantaneous data on spatial features.

The Ts-NDVI and ET-NDVI feature spaces in
Figure 7 reveal approximately triangular shapes in
the scattergrams constructed using the three-phase
remote sensing images. The three images of the TsNDVI feature space show that the wet edge (blue
point) LST increases with an increase in the NDVI,
whereas the dry edge (red point) LST decreases with
an increase in the NDVI. The three images of the ETNDVI feature space show that the wet edge (blue
point) decreased and the dry edge (red point) increased with an increase in the NDVI.
Table 3 reveals that the dry and wet edges have
different determination coefficients at different
times with respect to the different approaches used;
moreover, the dry and wet edges can both be used for
the SM content in this study. Furthermore, using the
method proposed in this study, TVDI and EVDI can
be computed using the dry and wet edges.
SM content simulation based on the feature
space. To verify the accuracy of the novel approach
for SM monitoring, SM obtained at depths of 0±10,
10±20, 20±30, 30±40, 40±50 cm at different sampling points was used to conduct a linear verification
of the accuracy of the novel approach. The results
were compared with TVDI results. Linear correlations were established for TVDI and EVDI with the
SM content measured at different depths.
The correlation analysis for SM content at different depths with TVDI and EVDI revealed a

TABLE 3
Fitting equations for dry and wet edges and associated determination coefficients.
Data
DOY=200
DOY=217
DOY=254

Fitting equations (Ts-NDVI)
Dry edge: y=-7.2071x+317.71
Wet edge: y=12.352x+299.38
Dry edge: y=-17.3x+323.68
Wet edge: y=3.797x+301.07
Dry edge: y=-3.6158x+307.91
Wet edge: y=0.9447x+300.13

R2
0.7432
0.8876
0.8971
0.3300
0.6583
0.2024

Fitting equations (ET-NDVI)
Dry edge: y=2.6899x+4.9997
Wet edge: y=-1.0855x+9.6329
Dry edge: y=10.631x-3.8678
Wet edge: y=-1.4339x+12634
Dry edge: y=3.1062x+0.2986
Wet edge: y=-1.3283x+6.747

R2
0.3136
0.4842
0.7628
0.7807
0.7937
0.7419

Note: R2 is the determination coefficient.
TABLE 4
Fitting equations for TVDI and EVDI with SM contents measured at different depths and associated determination coefficients.
Data

DOY=200

DOY=217

DOY=254

Fitting equations (TVDI)

R2

Fitting equations (EVDI)

R2

0~10: y=-18.535x+17.976
10~20: y=-26.833x+32.731
20~30: y=-11.52x+31.493
30~40: y=-12.37x+30.302
40~50: y=-4.0089x+28.176
0~10: y=-12.442x+16.371
10~20: y=-11.981x+22.655
20~30: y= -6.4098x+23.63
30~40: y=-5.2698x+26.436
40~50: y=-1.6284x+26.653
0~10: y=-16.319x+21.642
10~20: y=-13.778x+31.868
20~30: y=-11.894x+30.701
30~40: y=-7.8607x+28.617
40~50: y=-1.2369x+25.751

0.6538
0.5351
0.2499
0.2443
0.0364
0.6261
0.4421
0.2545
0.1851
0.0264
0.6684
0.4607
0.2972
0.1062
0.0066

0~10: y=17.732x-3.1428
10~20: y=25.589x+2.2122
20~30: y =14.012x+16.342
30~40: y=13.618x+15
40~50: y=5.3618x+22.575
0~10: y=19.571x-3.3391
10~20: y=18.795x+3.7128
20~30: y=10.252x+13.351
30~40: y=7.2034x+18.953
40~50: y=2.616x+24.033
0~10: y= 19.036x+4.1448
10~20: y=17.204x+16.298
20~30: y=16.951x+15.778
30~40: y=12.556x+17.801
40~50: y=3.9302x+22.67

0.7181
0.5839
0.4437
0.3552
0.0782
0.7039
0.4943
0.2958
0.1913
0.0309
0.6956
0.5494
0.4616
0.2073
0.0508
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FIGURE 8
Linear correlations for TVDI and EVDI with the SM content measured at different depths.
conducting inversion of the SM content when using
the TVDI. Because ET is not affected by the timing
of sensor observations and includes the effect of air
temperature, it was used in this study to replace LST
in the LST-VI feature space to provide a theoretical
basis for studying SM inversion. The analysis revealed the following results:

CONCLUSIONS
As an important component of hydrology, the
DWPRVSKHUHDQGWKHODQG¶VVXUIDFHSM represents an
important link between surface and ground water. It
is also an important parameter used to describe the
exchange of growth energy within the land, atmosphere, and vegetation. However, the retrieval time
involved in obtaining thermal infrared data and the
influence of temperature on LST cause errors when

(1) The scattergrams of LST and ET at different
times all exhibit significant negative correlations.
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Cannarozzo, M., Ciraolo, G., Loggia, G.L.
(2013) Critical analysis of thermal inertia
approaches for surface soil water content
retrieval. International Association of Scientific
Hydrology Bulletin. 58, 1144-1161.
[10] Yu, F., Li, H.T., Zhang, C.M., Wen, X.F., Gu,
H.Y., Han, Y.S., Lu, X.J. (2014) Data
assimilation on soil moisture content based on
multi-source remote sensing and hydrologic
model. Journal of Infrared & Millimeter Waves.
33, 602-607.
[11] Zhang, L., Ji, L., Wylie, B.K. (2011) Response
of spectral vegetation indices to soil moisture in
grasslands and shrublands. Taylor & Francis,
Inc. 5267-5286.
[12] Rahimzadeh-Bajgiran, P., Omasa, K., Shimizu,
Y. (2012) Comparative evaluation of the
vegetation dryness index (vdi), the temperature
vegetation dryness index (tvdi) and the
improved tvdi (itvdi) for water stress detection
in semi-arid regions of iran. Isprs Journal of
Photogrammetry & Remote Sensing. 68, 1-12.
[13] Price, J.C. (1990) Using spatial context in
satellite data to infer regional scale evapotranspiration. IEEE Transactions on Geoscience
& Remote Sensing.28, 940-948.
[14] Sandholt, I., Rasmussen, K., Andersen, J.A
(2002) simple interpretation of the surface
temperature/vegetation index space for assessment of surface moisture status. Remote
Sensing of Environment. 79, 213-224.
[15] Zhang, D., Tang, R., Tang, B.H., Wu, H., Li,
Z.L. (2015) A simple method for soil moisture
determination from lst±vi feature space using
nonlinear interpolation based on thermal
infrared remotely sensed data. IEEE Journal of
Selected Topics in Applied Earth Observations
& Remote Sensing. 8, 638-648.

The correlation between LST and ET was higher
than 0.8, indicting a highly significant negative correlation between LST and ET. Therefore, studies can
be conducted using ET instead of LST.
(2) The simulation results of DSSAT revealed
that the NDVI and ET feature spaces had similar spatial characteristics to the LST-VI feature space. Furthermore, results showed that the ET-VI can be used
to invert the SM content.
(3) Construction of the ET-NDVI feature space
is feasible. Based on the results of TVDI and EVDI,
the SM content retrieved by the EVDI method is superior to that retrieved using the TVDI method, and
the SM content measured at 0±10 cm had a higher
determination coefficient for TVDI and EVDI than
that measured at depths of 10±20, 20±30, 30±40, and
40±50 cm.
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1

ABSTRACT

INTRODUCTION

This study was conducted to determine yield
and competitive traits of legume (Hungarian vetch
µHV¶, common vetch µCV¶and forage pea µFP¶ DQG
cereal EDUOH\µ%¶DQGWULWLFDOHµ7¶mixtures under different seed rates and harvest times during 20122013 and 2014-2015 growing seasons in Yozgat,
Turkey. Legume x cereal intercrops were arranged
as binary mixtures with two seed rates (75:25% and
50:50% respectively). The experiment was set up as
two different trials for harvest time. Each experiment
was harvested on the basis of cereals maturutiy
stage; first was inflorescence and second was milk
dough stage. Each experiment was arranged in randomized block design with three replications. Hay
yield, Relative feed value (RFV), Relative feed quality (RFQ), Land equivalent ratio (LER), aggressivity
(A) and competitive ratio (CR) were investigated in
the mixtures. The rage of hay yield was between 2.55
(100B%) ± 9.92 t ha-1 (75HV+25B%) in the first experiment and between 2.55 (100B%) ± 13.88 t ha-1
(50HV+50B%) in the second experiment. LER value
was greater than 1 in all the mixtures and ranged between 1.27 - 1.90 and 1.23 ± 1.96 respectively in the
first and second experiment. The highest competitive
ratio in cereals (CRC) was determined as 5.483 in
75CV+25T% treatments at inflorescence stage,
while it was 4.624 in 75FP+25B% treatment at milkdough stage.
The best results regarding for yield were obtained from the Hungarian vetch + barley intercropping in both harvest time with the specific effect of
seed rates; with 50:50% and 75:25% seed rates at infloresences stage and, with 75:25% seed rate at milk
dough stage.

Today, under rapidly growing demand and limited natural resources, creating a sustainable and balanced agricultural system is one of the core concerns
facing the human for food security. It is inevitable
that in the future there will be a decrease in agricultural areas due to many reasons such as pollution,
salinization, non-farm uses and global climate
change [1, 2]. Under these conditions, ensuring the
effective use and sustainability of existing resources
must be ensured. In this respect, intercropping offers
great advantages [3].
Intercropping growing of two or more crops at
the same times in the same field, is a common practise [4]. Advantage of intercropping may be briefed
as: effective use of natural resources as soil and water, higher yield and income in per area, improvement of soil fertility by legume crops, soil preservation, reduction of biotic and abiotic stress and weed
infestation. Therefore, mixed cultivation, which enables preserve and efficient use of limited resources
and reduces the use of fertilizers and pesticides, is an
environmentally-friendly practice and supporting
bio-sustainability. Besides the advantages, intercropping can results same problems mainly due to
competition between plants. Intercropping plants
that generaly are from diffrent species or families
can exhibite diffirent growing performance or morphological traits. So, the crops in the mixture have to
be compete for nutrient, water and sunlight. Therefore plant selection and arrangement of seed rates are
crucial factors for intercropping and, can change depend on eological condution [5]. ISWDV DQG <ÕOPD]
(1998) [6] reported that the suitable seed rate was
65:35% for Hungarian vetch + barley intercropping.
Harvest time is also extremly important factors
for intercropping systems. Cereals are faster grow
than legumes at early spring. So the portion of the
legume in the mixture can be lower under early harvest that it reduces nutrient content and protein ratio
of mixture [6, 7]. Tas (2011) [8] reported that hay
yield obtained from both hungarian vetch + wheat
and common vetch + wheat mixtures were

KEYWORDS:
Cereal, competitive, harvest time, intercropping, legume,
yield.
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TABLE 1
Physical and Chemical Proporties of Soil in Research Area*
Proporties
Structure
CaCO3 (%)
Total salt (%)
P2O5 (kg ha±1)
K2O (kg ha±1)
pH
Organic matter (%)

2012-2013
Clay-loam
7.99
0.020
84.0
484.7
8.20
1.88

2014-2015
Clay-loam
7.93
0.018
85.2
501.2
8.15
1.91

* Turkish chamber of agriculture cooperation.
TABLE 2
Meteorological data of experiment area in the longterm and studied years *

September
October
November
December
January
February
March
April
May
June
Av.
Tot.

Temp.
(OC)
15.5
10.3
4.6
0.5
- 1.9
- 1.0
2.9
8.3
13.0
16.8
6.90

Long-term
Moist.
(%)
58.1
65.9
72.5
77.3
77.5
75.8
71.0
66.6
64.2
60.5
68.94

Precipt.
(mm)
18.0
36.5
56.2
76.3
67.9
62.3
65.2
62.3
65.0
43.5

Temp.
(OC)
17.3
12.8
6.1
2.1
0.1
3.0
5.3
9.9
16.3
18.2
9.11

553.2

2012-2013
Moist.
(%)
46.0
61.7
79.8
81.2
77.6
72.4
63.8
61.3
47.8
46.1
63.77

Precipt.
(mm)
6.4
53.7
55.9
120.3
75.4
78.5
54.2
35.9
22.0
35.6
537.9

Temp.
(OC)
20.1
10.8
4.2
4.1
-1.0
0.8
4.4
6.1
14.1
16.0
7.96

2014-2015
Moist.
(%)
49.4
69.3
70.2
77.9
76.7
73.3
69.5
61.9
59.9
71.5
67.96

Precipt.
(mm)
24.7
72.6
61.3
53.3
54.5
68.0
115.3
28.0
131.6
95.3
704.6

* Tukish State Meterogical Service

binary mixtures with 75:25 and 50:50% seed rates.
The experiment was set up as two different trials for
harvest time; the first was harvested when cereal was
at inflorescence and the second when cereal was at
milk dough stage. The plots were formed 6 rows
with 20 cm space and 5 m length. Sowing was done
by hand and, the seed amount in the mixtures were
calculated on the basis of sole sowing rates of crops;
barley 200 g/6 m2, triticale 160 g/6 m2, Hungarian
vetch, common vetch and forage pea 96 g/6 m2. The
P fertilizer (P2O5) 80 kg ha-1 was uniformly applied
to the soil just after sowing.
All treatments were manually harvested and
then the species were separated as legume and cereal. Plant samples were dried 65 0C until constant
weight to determine hay yield. Acid detergent fiber
(ADF), neutral detergent fiber (NDF), Ca, K, Mg and
P content of hay was determined by using Near ReIOHFWDQFH 6SHFWURVFRS\ 1,56 µ)RVV ¶  ZLWK
VRIWZDUHSDFNDJHSURJUDPµ,&-)(¶
ADF and NDF ratio and RFV and RFQ values
of mixtures were determined as follows:
ADF%: ((Legume% x ADF%) + (Cereal% x
ADF%))/100
NDF%: ((Legume% x NDF%) + (Cereal% x
NDF%))/100
Relative Feed Value (RFV) and Relative Feed
Quality (RFQ) were estimated according to the following equations [9, 10] (Table 3 and 4).
RFV (Relative feed value) = (DDM%* DMI%)
/1.29

higher at the milk-dough stage than at he flowering
stage.
So, this experiment was conducted to investigate hay yield and competetion traits of legumes- cereal intercrops under two different seed rates and
harvest stages in Yozgat, Turkey ecological conditions.

MATERIALS AND METHODS
Experiments were conducted during the growth
seasons of 2012-2013 and 2014-2015 in the Agricultural Research Field of Bozok University, Yozgat,
7XUNH\ZKLFKLVORFDWHGDWƍƎ(ƍƎ
N. Soil proporties of the experiment field taken from
30 cm depth were clay±loam type with pH of 8.208.15 and 7.99-7.93% CaCO3, 8.40-8.52 kg ha±1 phosphorus, and 1.88-1.91% organic matter.
The Table 2 shows the meteorological datas of
the experiment area during growth season (September ± June), including monthly average temperature,
monthly total precipitation and avarage moisture.
During to growing season, total precipitation was
553.2 mm at the long-term, it was 537.9 mm for
2012-2013 and 704.6 mm for 2014-2015 (Table 2).
Hungarian vetch (Vicia pannonica Crantz
³$OWÕQRYD ´  &RPPRQ YHWFK Vicia sativa
³7DPNRo ´  )RUDJH SHD Pisum sativum´
g]ND\QDN´  %DUOH\ Hordeum vulgare / ³$\GDQ
+DQÕP´  DQG 7ULWLFDOH Triticosecale Wittmack
³.DUPD´ ZHUHVRZQDVVROHDQGOHJXPH-cereal
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ZLI = Ratio of legume in the mixture
AC: (YCI/YC*ZCI) ± (YLI/YL*ZLI)
AL: (YLI/YL*ZLI) ± (YCI/YC*ZCI)

RFQ (Relative feed quality) = (TDN%*DMI)
/1.23
DDM% (Dry matter digestibility) = 88.9 (0.779 x ADF%);
DMI% of BW (Dry matter intake) = 120/
NDF%.
TDN% (Total digestibility nutrition) = (96.35(ADF%*1.15))
The Land Equivalent Ratio (LER), Aggressivity (A) and Competitive Ratio (CR) were calculated
for legumes x cereals mixtures [11].
LER = (LERC + LERL) LERL: (YLI / YL), LERC:
(YCI / YC)
YL: Yield of legume sole stand
YLI: Yields of legume in the mixture
YC: Yield of cereal sole stand
YCI: Yields of cereal in the mixture
CRC = (LERC / LERL) X (ZLI / ZCI)
CRL = (LERL / LERC) X (ZCI / ZLI)
ZCI = Ratio of cereals in the mixture

Statistical analyses. Data were statistically analyzed by repeated measure analysis in SPSS version
DQGPHDQVZHUHVHSDUDWHGE\'XQFDQ¶V0XOWL
ple Range test.

RESULTS AND DISCUSSION
The first experiment (Harvesting at the inflorescences stage of cereal). Hay yield, Relative
Feed Value (RFV), Relative Feed Quality (RFQ),
Land Equivalent Ratio (LER), Aggressivity (A) and
Competitive Ratio (CR) of legumes + cereal mixtures were given in Table 5, 6 and 7.

TABLE 3
Legumes, grass and legume-grass mixture relative feed value standarts (RFV)
Quality standarts
Beginning
1
2
3
4
5

Protein%
of dry matter
>19
17-19
14-16
11-13
8-10
<8

ADF%
of dry matter
<31
31-40
36-40
41-42
43-45
>45

NDF%
of dry matter
<40
40-46
47-53
54-60
61-65
>65

Relative feed
value (RFV)
>151
151-125
124-103
102-87
86-75
<75

TABLE 4
Legumes, grass and legume-grass mixture relative feed quality standarts
Quality standarts
Premium
Good
Fair
Utility

Relative feed quality (RFQ)
>140
110-139
90-109
<75

TABLE 5
Hay yield of legume-cereal mixtures when cereal was at inflorescence stage (t ha-1).
Hay yield**
Treatments
100HV
100CV
100FP
100T
100B
50HV-50T
50HV-50B
75HV-25T
75HV-25B
50CV-50T
50CV-50B
75CV-25T
75CV-25B
50FP-50T
50FP-50B
75FP-25T
75FP-25B
Average**

2012-2013
6.98 c-f
5.78 fg
4.39 gh
JKÕ
Õ
9.13 ab
7.91 bcd
9.67 a
9.92 a
7.75 b-e
7.71 b-e
8.08 bcd
6.24 ef
5.58 fg
6.07 f
6.68 def
8.46 abc
6.83 A

2014-2105
4.87 efg
Õ
5.89 d
3.43 h
9.82 a
5.20 def
9.64 a
5.50 de
9.20 ab
4.21 gh
8.41 bc
4.38 fg
7.70 c
4.21 gh
7.84 c
5.23 def
8.13 c
6.22 B

Average
5.92 fg
Õ
5.14 gh
Õ
6.18 ef
7.16 d
8.77 ab
7.58 cd
9.56 a
5.98 fg
8.06 bc
6.23 ef
6.97 de
4.89 h
6.95 de
5.95 fg
8.29 bc

,**: p< 0.01, There is no difference between the same letters in each column (p<0.05); HV: Hungarian vetch; CV:
Common vetch; FP: Forage pea; T: Triticale; B: Barley.
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RFQ (82.0-82.3 and 76.2-76.8 respectively) in the
second year (Table 6).
Sole legumes exhibited higher RFV and RFQ
vaules than sole cereals (Table 6). This may be due
to the higher ADF and NDF contents of cereals.
<ÕOPD]HWDO  UHported [19] that RFV and RFQ
values decreased with increasing ratio of cereals in
the mixtures. The RFV and RFQ values determined
in the study were in medium and good quality class
of fodder (Table 3 and 4).
LER value was calculated by using combined
years and, it was higher than 1 in all the treatments,
ranged between 1.28 (50FP+50T%) ± 1.90
(75CV+25T%) (Table 7). This indicates that the legumes + cereals mixtures more advantages regarding
uses soil compared to sole cropping [20]. Due to different root structures and nutrient requirement legumes and cereals use soil in balanced. In addition,
mixtures are more advantage for absorbing light in
per area, resulted from different growing habit and
leaf anatomy of plants [21].
The highest competitive ratio in cereals (CRC)
was determined 5.483 (75CV+25T%), the lowest
was 0.630 (50CV+50T%). The competitive ratio in
legumes
(CRL)
ranged
between
0.363
(75CV+25T%) ± 1.639 (50FP+50T%) (Table 7).
The CR of cereals increased as the proportion of legumes increased in the mixtures (Table 7). This may
be due to legumes have providing N to cereal and
increases their growth.
Hungarian vetch and common vetch were the
dominant species (AHV and ACV) in the HV:B and
HV:TA 50:50 mixture. In the other mixtures, cereals
were dominant species as measured by the positive
value of aggressivity (Table 7). 75CV+25T% had
the highest aggressivity values (0.330). Cool season
cereals are earlier crop and they are earlier benefit
moisture and nutrients in the soil. Therefore,

Over the years, hay yield increased with intercropping and also, it was significantly GLIIHUHQW S
0.01) between years and treatments. (Table 5). The
highest hay yield in the first year was 9.92 t ha -1
(75HV+25B%), 9.67 t ha-1 (75HV+25T%) 9.13 t ha1
(50HV+50T%) and 8.46 t ha-1 (75FP+25B%),
while the lowest hay yield was 2.55 t ha-1 (100B%).
In the second year, hay yield was the highest in sole
barley (9.82 t ha-1) and barley + Hungarian vetch
mixtures (9.20-9.64 t ha-1), and it was the lowest in
sole common vetch (2.11 t ha-1). Over the years, hay
yield were between 3.31 t ha-1 (100T%)-9.56 t ha-1
(75HV+25B%) (Table 5).
Barley is a plant that grows earlier than triticale. Therefore, barley exhibited higher hay yield
than triticale at the inflorescences stage (Table 5).
However, because of being early crop, barley more
adversely affecting from spring drought compared to
triticale. So, the differences of barley yield between
the years can be explained by spring rainfall that was
different and lower in the first year. Among legumes,
the highest hay yield was obtained from Hungarian
vetch and forage pea, respectively first and second
year. This might be due to the higher rainfall and
lower temperatures in second year especially at the
spring season that more encouraging the development of forage pea than Hungarian vetch.
It is reported in many studies that hay yield in
different legume + cereal mixtures ranged between
3.10-23.27 t ha-1 [7, 12, 13, 14, 15, 16, 17, 18].
The effect of the years and treatments was significant on the RFV and RFQ of hay (Table 6). In the
fisrt year, the RFV and RFQ were highest in sole forage pea (142.9 and 144.9 respectively) while the
lowest in sole triticale (102.0 and 101.2 respectively). Sole common vetch had the highest RFV and
RFQ values (135.9 and 135.8 respectively), barley
and triticale sole cropping had the lowest RFV and

TABLE 6
RFV and RFQ of legume-cereal mixtures when cereal was at inflorescence stage.
Treatments
100HV
100CV
100FP
100T
100B
50HV-50T
50HV-50B
75HV-25T
75HV-25B
50CV-50T
50CV-50B
75CV-25T
75CV-25B
50FP-50T
50FP-50B
75FP-25T
75FP-25B
Average**

RFV**
2012-2013
2014-2105
124.5 bc
121.8 b
126.2 b
135.9 a
142.9 a
102.9 c-f
102.0 d
82.0 h
105.8 cd
82.3 h
108.2 bcd
105.5 c-f
110.7 bcd
86.1 gh
121.7 bc
113.1 bc
118.0 bcd
87.5 gh
115.8 bcd
106.0 c-f
118.1 bcd
91.8 fgh
117.2 bcd
112.0 bcd
115.4 bcd
92.8 eh
118.0 bcd
97.0 dgh
120.5 bcd
85.2 gh
117.8 bcd
100.2 c-g
121.0 bc
107.1 cde
117.9 A
100.6 B

RFQ
Average
123.2 ab
131.1 a
122.9 ab
92.0 f
94.1 f
106.9 def
98.4 ef
117.4 bc
102.8 def
110.9 cde
105.0 def
114.6 bcd
104.1 def
107.5 c-f
102.9 def
109.0 c-f
114.1 bcd

2012-2013*
123.4 b
122.5 b
144.4 a
101.2 c
102.7 bc
107.6 bc
113.0 bc
122.9 b
119.4 bc
116.3 bc
122.6 b
119.4 bc
116.6 bc
121.5 bc
122.0 bc
119.1 bc
122.1 bc
118.6 A

2014-2105**
117.0 b
135.8 a
100.4 cde
76.2 g
76.8 g
101.7 be
82.4 fg
110.4 bc
83.0 fg
103.7 be
87.8 efg
110.1 bc
89.3 d-g
93.2 def
80.6 fg
96.7 c-f
105.4 bcd
97.1 B

Average**
120.2 abc
129.2 a
122.4 ab
88.7 h
89.8 h
104.7 e-h
97.7 gh
116.7 bcd
101.2 e-h
110.0 b-g
105.2
114.8 b-e
103.0 e-h
107.4 d-h
101.3 fgh
107.9 c-h
113.8 b-f

*: p< 0.05, **: p< 0.01; There is no difference between the same letters in each column (p<0.05); HV: Hungarian
vetch; CV: Common vetch; FP: Forage pea; T: Triticale; B: Barley.
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ha-1 (100CV%) ± 11.82 t ha-1 (50HV+50B%) (Table
8).
Triticale continues grow to after the flowering
period (Mut et al., 2006) [13]. Therfore, sole triticale
exhibited higher hay yield at the milk dough stage in
both years. According to combined years among legumes, the highest hay yield was obtained in Hungarian vetch (Table 8).
RFV DQG5)4ZHUHVLJQLILFDQWO\GLIIHUHQW S
0.01) between treatments and years (Table 9). Sole
legumes had the highest RFV and RFQ values, while
sole cereals had the lowest. Gulumser (2016) [18]
DQG<ÕOPD]HWDO  >9] reported that RFV and
RFQ values of sole legumes was highest compared
to sole cereals. The RFV values determined in the
study were in medium and good quality class of fodder, while the RFQ values were between ranged poor
and good quality class (Table 4).

cereals were dominant species compare to legumes.
<ÕOPD]HWDO  >@IRXQGVLPLlar results in barley-legumes mixtures.
The second experiment (Harvesting at the
milk-dough stage of cereal). Hay yield, Relative
Feed Value (RFV), Relative Feed Quality (RFQ),
Land Equivalent Ratio (LER), Aggressivity (A) and
Competitive Ratio (CR) traits of different legumes +
cereals mixture were given Table 8, 9 and 10.
The effect of the years and treatments was significant on hay yield S  7DEOH ,QWKHILUVW
year, hay yield was the highest in 75HV+25T%
(11.03 t ha-1) and 50HV+50B% (9.76 t ha-1), while it
was 13.00 t ha-1 (50HV+50B%) in the second year.
Sole barley and common vetch had the lowest
hay yield (2.53-2.47 t ha-1 respectively) in both
years. Over the years, hay yield were between 4.13 t

TABLE 7
LER, Aggresivity and CR values of legume-cereal mixtures when cereals was at inflorescence stage.
Treatments

LER

50HV-50B
75HV-25B
50CV-50B
75CV-25B
50FP-50B
75FP-25B
50HV-50T
75HV-25T
50CV-50T
75CV-25T
50FP-50T
75FP-25T

1.40
1.45
1.66
1.60
1.35
1.66
1.60
1.63
1.61
1.90
1.28
1.46

Competetive ratio
Cereals
Legumes
1.090
1.128
4.068
0.456
1.025
1.036
3.398
0.379
1.752
0.686
1.667
0.695
1.428
0.720
2.957
0.385
0.630
1.639
5.483
0.363
2.302
0.454
3.067
0.458

Aggressivity
Cereals
Legumes
- 0.001
0.001
0.161
- 0.161
0.000
0.000
0.021
-0.021
0.004
-0.004
0.006
- 0.006
0.005
- 0.005
0.021
- 0.021
- 0.008
0.008
0.330
-0.330
0.009
-0.009
0.016
-0.016

HV: Hungarian vetch; CV: Common vetch; FP: Forage pea; T: Triticale; B: Barley.
TABLE 8
Hay yield of legume-cereal mixtures when cereal was at milk dough stage (t ha-1).
Hay yield **
Treatments
100HV
100CV
100FP
100T
100B
50HV-50T
50HV-50B
75HV-25T
75HV-25B
50CV-50T
50CV-50B
75CV-25T
75CV-25B
50FP-50T
50FP-50B
75FP-25T
75FP-25B
Average**

2012-2013
8.09 cde
5.79 fg
7.03 def
4.85 g
2.53 h
9.45 bc
9.76 ab
11.03 a
8.25 cd
7.53 de
7.07 def
8.09 cde
6.68 def
9.45 bc
6.87 def
7.00 def
6.50 ef
7.36 B

2014-2105
6.80 e-h
Õ
7.43 d-h
6.47 fgh
6.36 gh
7.94 def
13.88 a
7.57 d-h
10.10 b
8.38 cd
7.82 d-g
7.44 d-h
6.10 h
8.53 cd
8.28 cde
8.59 cd
9.57 bc
7.86 A

Average
7.44 e
4.13 h
7.23 ef
5.66 g
4.44 h
8.69 bcd
11.82 a
9.30 b
9.17 b
7.95 de
7.44 e
7.76 d
6.39 fg
8.99 bc
7.57 e
7.79 de
8.03 cde

**: p< 0.01, There is no difference between the same letters in each column (p<0.05); HV: Hungarian vetch; CV:
Common vetch; FP: Forage pea; T: Triticale; B: Barley.
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TABLE 9
RFV and RFQ values when cereal was at inflorescence stage.

100HV
100CV
100FP
100T
100B
50HV-50T
50HV-50B
75HV-25T
75HV-25B
50CV-50T
50CV-50B
75CV-25T
75CV-25B
50FP-50T
50FP-50B
75FP-25T
75FP-25B
Average**

RFV**
2012-2013
2014-2105
96.1 cd
120.0 a
129.9 a
120.7 a
115.8 b
106.3 b
79.3 f
80.2 fg
83.2 ef
78.7 g
91.4 cde
88.2 efg
94.2 cd
82.9 efg
93.7 cd
91.2 de
90.6 de
89.6 de
90.6 de
86.8 efg
87.2 def
86.2 efg
86.9 def
91.5 de
87.7 def
88.4 ef
89.6 de
83.2 efg
89.4 de
97.0 cd
93.5 cd
91.1 de
87.6 def
100.6 bc
93.3 A
93.1 B

Average
108.1 c
125.3 a
111.1 b
Õ
KÕ
89.8 efg
88.6 f-Õ
92.5 d-f
90.1 efg
88.7 f-Õ
86.7 f-Õ
89.2 fgh
88.1 fgh
86.4 f-Õ
93.2 def
92.3 def
94.1 de
93.5

RFQ**
2012-2013
2014-2105
96.5 c
115.2 a
125.0 a
118.4 a
112.1 b
101.3 b
74.1 f
74.6 ef
79.4 ef
72.3 f
83.4 ef
81.7 de
88.4 de
79.4 def
86.4 def
85.4 cd
85.2 def
84.9 cd
85.6 def
81.1 def
79.9 ef
81.2 def
80.2 ef
87.0 cd
81.7 ef
83.4 de
84.5 def
80.5 def
83.1 ef
93.0 bc
81.4 ef
85.9 cd
89.5 de
97.9 b
88.0 B
88.4 A

Average
105.9 ab
121.7 a
106.7 b
74.4 h
75.9 h
82.6 fgh
83.9 fgh
85.9 efg
85.1 efg
83.4 fgh
80.6 fgh
83.6 fgh
82.6 fgh
82.5 fgh
88.1 def
83.7 fgh
93.7 cd
88.2

,**: p< 0.01, There is no difference between the same letters in each column (p<0.05); HV: Hungarian vetch; CV:
Common vetch; FP: Forage pea; T: Triticale; B: Barley.
TABLE 10
LER, competitive ratio and aggressivity values of legume-cereal mixtures when cereal was at
inflorescence stage.
Treatments

LER

50HV-50B
75HV-25B
50CV-50B
75CV-25B
50FP-50B
75FP-25B
50HV-50T
75HV-25T
50CV-50T
75CV-25T
50FP-50T
75FP-25T

1.96
1.48
1.75
1.63
1.45
1.51
1.26
1.41
1.81
1.83
1.51
1.23

Competetive ratio
Cereal
Legume
1.948
0.821
4.090
0.344
1.249
0.935
4.153
0.290
2.076
0.554
4.624
0.305
0.936
1.407
2.746
0.380
0.757
1.620
3.363
0.516
2.814
0.372
3.270
0.336

Aggressivite
Cereal
0.008
0.023
0.003
0.027
0.009
0.027
- 0.003
0.016
- 0.008
0.017
0.013
0.016

Legume
- 0.008
- 0.023
- 0.003
- 0.027
- 0.009
- 0.027
0.003
- 0.016
0.008
- 0.017
- 0.013
- 0.016

HV: Hungarian vetch; CV: Common vetch; FP: Forage pea; T: Triticale; B: Barley.
mixtures with triticale, and shows that they negatively affected the growing of the cereals. In the
other mixtures, cereals were the dominant species as
measured by the positive value of aggressivity. The
aggressivity of cereals increased as the proportion of
legumes increased in the mixtures (Table 10).

According to combined years, the values of
LER were above 1 in all mixtures which suggested a
yield advantage and substantially higher soil-use efficiency compared to sole cropping [20]. Hungarian
vetch + Barley intercropping as 50:50% seed ratio
ehibited the highest LER value (1.96) fallowed by
common vetch + forage pea intercropping as 75:25%
as seed ratio (1.83). The lowest LER values was determined 1.23 in 75FP+25T%.
Competitive ratio in cereals was the highest in
75FP+25B% (4.624), the lowest was 0.757
(50FP+50T%). The competitive ratio in legumes
were between 0.290 ± 1.620 (Table 10). Hungarian
vetch and common vetch mixtures had higher competitive ratio 50HV:50T and 50CV:50T, while cereals were the dominant species in the other mixtures.
The results of aggressivity conformed to this of
competitive ratio and intercropped Hungarian vetch
and common vetch had higher dominant in both

CONCLUSION
The mixtures exhibited higher hay yield than
sole crops. The highset hay yield was determined in
50HV+50B% and 75HV+25B% at the inflorescences satge while it was 50HV+50B% at the milkdough stage. Additionally, legumes x cereals mixtures showed significantly different performance between harvest times. Therefore, plant selection, seed
ratio and harvest time is factors that influence the
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[8] Tas, N. (2011) The Effect of Optimum Mixture
Type and Rate, and Cutting Time on Hay Yield
and Yield Components for Vetch+Wheat Mixtures Sown in Spring and Autumn Under Rainfed Conditions. Anadolu J. of AARI. 21, 1-15.
[9] Rohweder, D.A., Barnes, R. and Jorgensen, N.
(1978) Proposed Hay Grading Standard Based
on Laboratory Analyses for Evaluating Quality.
J Anim Sci. 47, 747-759.
[10] Mertens, D.R. (1987) Predicting Intake and Digestibility Using Mathematical Models of Ruminal Function. J. Anim. Sci. 64, 15-48.
[11] Dhima, K.V., Lithourgidis, A.S., Vasilakoglou,
I.B. and Dordas, C.A. (2007) Competition Indices of Common Vetch and Cereal Intercrops in
two Seeding Ratio. Field Crops Res. 100, 249256.
[12] $OWÕQRk, S. and Hakyemez. H.B. (2002) Effect
of different mixture rates on hay yield of Narbon
vetch (Vicia narbonensis L.) + Barley
(Hordeum vulgare L.) Mixtures in Ankara Conditions. J of Agric Sci. 8, 45-50.
[13] Mut, Z., Ayan, I. and Mut, H. (2006) Evalua
tion of Forage Yield and Quality at two Phenological Stages of Triticale Genotypes and Other
Cereals Grown Under Rain-fed Conditions.
Bangladesh J. Bot. 35, 45-53.
[14] Lithourgidis, A.S., Vasilakoglou, I.B., Dhima,
K.V., Dordas, C.A. and Yiakoulaki, M.D.
(2006) Forage Yield and Quality of Common
Vetch Mixtures with Oat and Tritikale in Two
Seeding Ratios. Field Crops Res. 99, 106±113.
[15] Aksoy, I. and Nursoy, H. (2010) Determination
of the Varying of Vegetation Harvested Hungarian Vetch and Wheat Mixture on Nutrient Content, Degradation Kinetics, in vitro Digestibility
and Relative Feed Value. J Fac of Vet Med. 16,
925-931.
[16] Atis, I., Kokten, K., Hatipoglu, R., Yilmaz, S.,
Atak, M. and Can, E. (2012) Plant Density and
Mixture Ratio Effects on the Competition between Common Vetch and Wheat. Aust J. Crop.
Sci. 6, 498±505.
[17] $VFÕ, O.O., Acar, Z. and $UÕFÕ, Y.K. (2015)
Hay Yield, Quality Traits and Interspecies Competition of Forage Pea ± Triticale Mixtures Harvested at Different Stages. Turk J Field Crops.
20, 166-173.
[18] Gulumser, E. (2016) Determination of some
Yield and Quality Characteristics of Silage Corn
after Hungarian Vetch + Cereals Mixtures Sowing in Middle Anatolia Conditions. Doctoral
dissertation. 2QGRNX] 0D\ÕV 8QLYHUVLW\ Faculty of Agriculture, Samsun, Turkey.
[19] <ÕOPD] 6 2]HO $ $WDN 0 and Erayman,
M. (2015) Effects of Seeding Rates Competition
Indices of Barley and Vetch Intercropping Systems in the Eastern Mediterranean. Turk J Agric
For. 39, 135-143.

results in the intercropping. Also, it is being determined that milk dough stage is suitable harvesting
time to legume + cereal mixtures during the rainy
years. Thus, plants are given opportunity to use the
precipitation more efficiently.
Although sole legumes RFV and RFQ values
were higher, all the treatments were in the category
of quality fodder.
LER values were above 1 in all mixtures and
they were are more advantageous compered to sole
stand and, so all mixtures may be suitable for ecology in this region.
The best results regarding for yield, were obtained from Hungarian vetch + barley intercropping
with the specific effect of seed rates for each harvest
stage; with 50:50% and 75:25% seed rates for infloresences stage and, with 75:25% seed rate for milk
dough stage.
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ABSTRACT

INTRODUCTION

It is necessary to study the pollution characteristics of heavy metals with different particle sizes in
road-deposited sediments in order to control heavy
metal contamination in urban road-deposited sediments. Forty-eight samples from six areas in Nanjing
were analyzed for Pb, Cr, Zn, Cu, Mn, Cd, and Ni.
The heavy metal content of various road functional
areas was analyzed. The average heavy metal concentrations were compared with soil background values. The results indicated that the mean concentrations of Cu, Zn, Pb, Cr, Cd, and Ni were respectively
7.44, 13.89, 15.05, 3.23, 29.35, and 2.71 times the
soil background values, but that the mean Mn concentration was lower than the soil background value.
pH analysis of road-deposited sediments showed that
the sediment pH was generally greater than 7, meaning that road-deposited sediment was alkaline. The
seasonal variation pattern of sediment pH was as follows: spring < winter < autumn < summer. Analysis
of the correlations between heavy metals in the roaddeposited sediments indicated that the correlations of
heavy metals between different functional areas
were not very obvious, which showed that the
sources of heavy metals in road-deposited sediments
are more complex than anticipated. The concentration enrichment ratio was used to assess the degree
of impact of human activities on metal contamination. The concentration enrichment ratios (CERs) of
heavy metals were ordered as follows: Cd > Pb > Zn
> Cu > Cr > Ni. To analyze the potential water environmental risk of heavy metals in sediments, the
heavy metal content of a 0.5M HCl cleaning solution
was analyzed and showed that the heavy metals were
mostly in particulate form.

In recent years, rapid industrialization and urbanization have placed great stress on local environments in China and they have led to a decline in the
quality of urban environments [1]. Roads, which are
an essential component of the urban landscape, are
conspicuous linear sources of dissolved and sediment-associated contaminants [2±4]. Road-deposited sediments (RDS), which are a special type of environmental medium, have been reported in many
countries to contain toxic organic and inorganic pollutants [5], especially high levels of heavy metals [6±
8]. Heavy metals in RDS come from both natural and
anthropogenic sources, but the main sources are anthropogenic [7,8]. These anthropogenic sources include vehicle exhaust particles, lubricating oil and
tire residues, and brake and engine wear components
[9±11]. Heavy metals are highly stable and cannot be
metabolized easily, so they easily accumulate in road
dusts, resulting in health problems for humans,
plants, and animals [12±14]. Some of the RDS will
be suspended in the air by the wind; these finer parWLFOHVDGKHUHWRSHRSOH¶VVNLQDQGDUHLQKDOHGWKURXJK
the nose or mouth more easily. More RDS will enter
rivers and other water bodies with rainfall runoff, resulting in pollution that has become an important
source of heavy metal contamination in the environment. Therefore, it is very important to study the
characteristics of heavy metal contamination in
pavement sediments. The results of such studies can
provide a basis for management to take appropriate
measures to protect the environment. In this research, surface sediments were collected from impervious pavement (asphalt and cement) in different
functional areas in Nanjing. Analysis of the heavy
metal characteristics revealed approximately average heavy metal concentrations compared with soil
background values. pH and the relationship between
heavy metals and concentration enrichment ratios
followed a similar pattern. The results could be useful for regulators and engineers involved in environmental protection and management.

KEYWORDS:
Road-deposited sediments, heavy metals, soil background
values, concentration enrichment ratio.
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(CER) was used to assess the degree of metal contamination by human activities. Mn, a conservative
element showing few effects of anthropogenic activity, was used as the background reference element.
The CER value of RDS heavy metals was calculated
as follows, and the grading standard for CER is
shown in Table 1 [16,17]:

MATERIALS AND METHODS
Sample collection and processing. In clear
and windless weather after three to five consecutive
sunny days in 2011, road-deposited sediment (RDS)
samples were collected from six areas: a residential
road (JM), a sidewalk (RX), a driveway (JD), a grade
separation road (LJ), a road near traffic lights (HL),
and a campus road (XY) in January, March, April,
May, June, July, September, and October (covering
the four seasons). Forty-eight samples of RDS were
collected with a clean fine brush and a small plastic
dustpan at a distance of less than 1 m from the curb,
avoiding road-cleaning periods, over an area of 2 m2
and loaded into a plastic self-contained bag to drain
the air seal. The date and features of each collection
point were recorded on the plastic bags, and the samples were brought to the laboratory for analysis and
testing.

CER

cn, RDS / cMn , RDS
cn,B / cMn,B

,

where

cn, RDS ² the content of heavy metal n in the
sample;

cn , B ²the background value of heavy metal n
in soil.
7$%/(
*UDGLQJVWDQGDUGIRU&(5
CER range
<2

Major laboratory equipment and reagents.
Laboratory analysis required a soil analysis standard
sieve, a WX-4000 microwave rapid digestion instrument, a TAS-990 Super F atomic absorption spectrophotometer, a PHS-3 precision pH meter, an electronic balance, and an Alpha-Pure 30 Plus enhanced
high-purity water system.
Analytically pure concentrated hydrochloric
acid, nitric acid, sulfuric acid, hydrofluoric acid, and
phosphoric acid were also used. The various types of
utensils were soaked in dilute hydrochloric acid,
washed with deionized water, and dried.

2~5
5~20
20~40
>40

Influence degree
No or minimal anthropogenic enhancement
A moderate anthropogenic signal
A significant anthropogenic signal
A very strong anthropogenic signal
An extreme anthropogenic signal

RESULTS AND DISCUSSION
Heavy metal content in RDS at different
sampling sites. The average heavy metal contents at
different sampling sites were compared with soil
heavy metal content. Table 2 shows the results, with
the soil background values derived from soil background C-layer soil data in Jiangsu Province from the
China Environmental Monitoring Station [18],
where m is the ratio of average to background value.
It is clear that the average contents of other
heavy metals, except for Mn, in each sample far exceeded the soil background value; even the minimum
value in these sediment samples was far above the
soil background value. The mean concentrations of
Cu, Zn, Pb, Cr, Cd, and Ni were respectively 7.44,
13.89, 15.05, 3.23, 29.35, and 2.71 times the soil
background value. These results fully demonstrate
that heavy metal contamination in urban RDS is a
common phenomenon and that Cd and Pb contamination is particularly serious. As for differences
among functional areas, heavy metal contamination
in the residential area was found to be relatively
light. Because vehicles often idle and wear their tyres
near traffic lights, the ratio of heavy metal content to
background value in that location was relatively
large. Traffic flow on the campus is light, but vehicles often travel at low speed and do not fully combust their fuel, resulting in an accumulation of heavy
metals. Therefore, the heavy metal content in RDS
on campus was higher than in the residential area.

Experimental method. To analyze the heavy
metal content of each sample, leaves, cigarette butts,
hair, and other debris were first removed with plastic
tweezers. Then the samples were naturally dried and
screened with a soil analysis standard sieve. The
samples were dried for 48 h at 105°C [15]; sediment
samples were digested with 2 ml nitric acid, 5 ml
concentrated hydrochloric acid, and 2 ml hydrofluoric acid in a microwave digestion tank. Then a heating plate was heated to catch the acid after being
cooled to room temperature, and a small amount of
nitric acid was added to dissolve the residue and then
diluted with distilled water. The concentrations of
Pb, Cr, Zn, Cu, Mn, Cd, and Ni were determined by
atomic absorption spectrometry, and the average
value of each sample was taken three times to give
the final value.
pH determination: The sieved samples and ultrapure water were mixed at a mass ratio of 1: 2.5 in
a beaker, stirred vigorously with glass rods for one
to two minutes, allowed to stand for 30 minutes, and
subjected to pH measurement.
Evaluation of artificial pollution degree of
urban RDS. The concentration enrichment ratio

6662

© by PSP

Volume 27 ± No. 10/2018 pages 6661-6667

Fresenius Environmental Bulletin

7$%/(
&RPSDULVRQRIKHDY\PHWDOFRQWHQWVLQURDGVHGLPHQWVDQGVRLOEDFNJURXQG
Element
Background values
Maximum
Minimum
JM
Average
m
Maximum
Minimum
RX
Average
m
Maximum
Minimum
JD
Average
m
Maximum
Minimum
LJ
Average
m
Maximum
HL
Minimum
Average
m
Maximum
XY
Minimum
Average
m

Cu
21.10
173.25
29.13
77.01
3.65
322.17
142.90
166.44
7.89
329.41
68.21
160.68
7.62
238.86
52.15
140.55
6.66
752.67
120.22
255.38
12.10
288.69
68.82
141.26
6.69

Zn
60.30
663.95
255.31
446.96
7.41
1525.96
785.20
1178.80
19.55
1236.49
394.19
825.30
13.69
1645.27
691.04
980.97
16.27
1763.28
468.24
1056.71
17.52
866.14
251.37
536.39
8.90

Pb
23.60
110.82
20.87
59.36
2.52
617.70
276.31
435.67
18.46
548.97
89.21
353.10
14.96
445.88
199.05
306.49
12.99
782.30
124.59
397.46
16.84
1029.50
128.95
579.66
24.56

Cr
74.80
538.10
58.32
205.73
2.75
411.19
77.78
179.87
2.40
2234.28
52.51
638.82
8.54
264.82
21.63
119.65
1.60
411.53
59.62
187.31
2.50
347.62
15.38
119.99
1.60

Cd
0.07
2.61
0.00
0.43
6.14
5.63
0.38
2.82
40.29
8.52
0.08
2.12
30.29
5.89
0.00
2.56
36.57
7.25
0.57
2.91
41.57
3.36
0.00
1.49
21.28

7$%/(
pH analysis of road surface sediments.
JM
RX
JD
LJ
HL
Minimum
6.83
6.67
6.87
6.55
6.78
Maximum
7.91
8.11
8.83
9.23
10.09
7.03
7.53
7.95
8.19
8.43
Average
RSD
0.06
0.09
0.12
0.09
0.08

Mn
643.00
402.35
122.93
320.77
0.49
803.28
406.07
539.62
0.84
969.59
428.68
670.97
1.04
1076.71
431.06
699.68
1.09
721.52
251.98
559.47
0.87
522.65
95.53
303.22
0.47

XY
6.76
7.66
7.32
0.05

values indicate that sediment pH is affected not only
by urban soil, but also by sedimentation of atmospheric particles of alkaline substances into the sediment, such as fine particles from road wear and particles from weathering of building surfaces.
The results of pH analysis of sediment samples
at different sampling times indicated that sediment
pH varies with the seasons: spring < winter < autumn
< summer. This occurs for various reasons. Acid rain
is highly frequent in the spring in the Nanjing region,
and acid rain is neutralized by alkaline substances in
the RDS, leading to low pH. in sunny summer
weather, it is easy to adsorb alkaline substances from
the atmosphere because the retention time of street
sediments is longer, meaning that sediment pH is
highest in summer. there is less rainfall in autumn
and winter, and the retention time of alkaline sediments is long. Atmospheric pressure is low in winter,
which is not conducive to particle diffusion, but it is
easy to form acidic sediments in winter, and therefore sediment pH is lower in winter than in autumn.

pH analysis of sediment samples. Table 3
shows the results of pH analysis of sediment samples
at different sampling sites.
The relative standard deviation can be calculated as follows:

RSD

Ni
29.20
84.44
12.05
35.66
1.22
276.14
49.18
128.23
4.39
183.47
17.10
82.99
2.84
163.28
29.87
85.40
2.92
235.22
50.23
114.72
3.93
66.21
10.78
27.90
0.96

standard deviation
.
average value

pH is an important indicator of RDS chemical
properties because it affects the adsorption and occurrence states of heavy metals [19]. The elemental
composition of RDS has a variety of sources, including soil particles, organic particles, smoke particle
production, production of alkaline substances (e.g.,
pavement wear, coating or paint erosion, and car
wear), and city building materials containing alkaline substances (such as lime powder). Research indicates that the pH of RDS is generally higher than
that of soils in the same area [8]. Table 3 shows that
the average pH of the sediments at different sampling
sites was generally greater than 7, which is alkaline,
and the average pH values were ordered as follows:
traffic lights > grade separation road > driveway >
sidewalk > campus > residential area. The higher pH

3HDUVRQFRUUHODWLRQFRHIILFLHQWRIKHDY\PHW
DOV LQ 5'6 7DEOHV  WKURXJK  VKRZ WKH 3HDUVRQ
FRUUHODWLRQFRHIILFLHQWVRIKHDY\PHWDOVLQ5'6IURP
GLIIHUHQWIXQFWLRQDODUHDV

6663

© by PSP

Volume 27 ± No. 10/2018 pages 6661-6667

Fresenius Environmental Bulletin

TABLE 4
3HDUVRQFRUUHODWLRQFRHIILFLHQWVRIKHDY\PHWDOVLQURDGVHGLPHQWVLQDUHVLGHQWLDODUHD
Cu
Zn
Pb
Cr
Cd
Ni
Mn

Cu

Zn

Pb

Cr

Cd

Ni

Mn

1.00
0.83
0.60
0.58
0.41
0.55
0.18

1.00
0.59
0.54
0.41
0.66
0.08

1.00
0.53
0.52
0.48
0.27

1.00
0.76
0.46
0.42

1.00
0.22
0.19

1.00
0.47

1.00

TABLE 5
3HDUVRQFRUUHODWLRQFRHIILFLHQWVRIKHDY\PHWDOVLQURDGVHGLPHQWVRQDVLGHZDON
Cu
Zn
Pb
Cr
Cd
Ni
Mn

Cu
1.00
0.43
0.62
0.72
0.42
0.49
0.33

Zn

Pb

Cr

Cd

Ni

Mn

1.00
0.52
0.58
0.59
0.37
0.41

1.00
0.60
0.69
0.66
0.56

1.00
0.41
0.54
0.25

1.00
0.67
0.72

1.00
0.49

1.00

TABLE 6
3HDUVRQFRUUHODWLRQFRHIILFLHQWVRIKHDY\PHWDOVLQURDGVHGLPHQWVRQDGULYHZD\
Cu
Zn
Pb
Cr
Cd
Ni
Mn

Cu
1.00
0.60
0.53
0.64
0.24
0.72
0.55

Zn

Pb

Cr

Cd

Ni

Mn

1.00
0.55
0.66
0.07
0.53
0.75

1.00
0.30
0.26
0.31
0.43

1.00
0.15
0.61
0.76

1.00
0.21
0.14

1.00
0.59

1.00

TABLE 7
Pearson correlation coefficients of heavy metals in sediments on a grade separation road.
Cu
Zn
Pb
Cr
Cd
Ni
Mn

Cu

Zn

Pb

Cr

Cd

Ni

Mn

1.00
0.66
0.54
0.65
0.47
0.55
0.51

1.00
0.70
0.54
0.54
0.62
0.44

1.00
0.54
0.40
0.52
0.36

1.00
0.21
0.38
0.10

1.00
0.71
0.55

1.00
0.54

1.00

TABLE 8
Pearson correlation coefficients of heavy metals in road sediments near traffic lights.
Cu
Zn
Pb
Cr
Cd
Ni
Mn

Cu

Zn

Pb

Cr

Cd

Ni

Mn

1.00
0.49
0.30
0.28
0.39
0.62
0.17

1.00
0.41
0.30
0.63
0.46
0.37

1.00
0.40
0.67
0.26
0.43

1.00
0.21
0.07
0.14

1.00
0.45
0.29

1.00
0.22

1.00

TABLE 9
Pearson correlation coefficients of heavy metals in campus road sediments.
Cu
Zn
Pb
Cr
Cd
Ni
Mn

Cu
1.00
0.68
0.54
0.39
0.59
0.64
0.57

Zn

Pb

Cr

Cd

Ni

Mn

1.00
0.69
0.56
0.73
0.51
0.74

1.00
0.34
0.74
0.54
0.73

1.00
0.70
0.04
0.55

1.00
0.44
0.80

1.00
0.57

1.00
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7$%/(
+HDY\PHWDOFRQWHQWVLQ0+&OOHDFKLQJVROXWLRQ
Cu
23.73
59.57
33.80
31.38
53.17
32.15

JM
RX
JD
LJ
HL
XY

Zn
68.72
168.71
109.23
197.84
214.80
95.37

Pb
4.57
38.38
25.28
21.89
25.75
30.11

Cr
17.23
14.84
29.56
11.52
10.70
7.43

Cd
0.02
0.22
0.43
0.12
0.18
0.08

Ni
2.97
12.18
3.86
6.40
10.15
2.44

Mn
54.97
61.76
76.12
83.78
59.40
32.26
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FIGURE 1
&(5RIKHDY\PHWDOVLQURDGVHGLPHQWV
contamination. Figure 1 shows the statistical results
for the CER of six heavy metal pollution components. The small boxes in the figure represent average CER, and the large boxes are determined by the
25th and 75th percentiles of the series. The small short
lines are determined by the 5th and 95th percentiles of
the series. The horizontal lines in the box are the median, and the * at both ends are the extrema. The order of the CER values of heavy metals in Figure 1
was: Cd > Pb > Zn > Cu > Cr > Ni. The average CER
of Cd was extremely high, which reveals extremely
strong anthropogenic influence. The average CER of
Pb revealed a very strong influence of human activities; Zn, Cu, Cr, and Ni indicated a significant anthropogenic influence.

In the same functional area, the heavy metal
content may be the same if there is a correlation between the metal elements, indicating that their
sources may be similar; if there is no correlation, the
sources are different [20,21]. As can be seen from
Tables 4 to 9, Cu and Zn in residential areas displayed a strong correlation, indicating that they may
have the same source; Mn was weakly correlated
with other metals, indicating that the sources of Mn
and other metals are likely to vary; Pb and Cu, Cr,
Cd, and Ni were strongly correlated, Pb had a moderate correlation with Zn and Mn, and there was a
moderate correlation between the other metals on the
sidewalk; a weak or very weak correlation between
Cd and other metals in the driveway indicated that
the sources of Cd and other heavy metals are not the
same; there were substantial moderate correlations
between metals in the grade separation road; the relationships between metals were weak near the traffic lights; there were strong or moderate correlations
between the metals on the campus. The correlations
of heavy metals in sediments in this paper and in
other research show some differences [22]. The correlation of heavy metals between the various functional areas is not very obvious, revealing that the
sources of heavy metals in RDS are highly complex
and are controlled by more than one major factor.

Analysis of potential water environmental
risk of heavy metals in sediments. ³3RWHQWLDOZDWHU
HQYLURQPHQWDOULVN´UHIHUVWRSROOXWDQWVWKDWKDYHQRW
yet entered the receiving water and have not yet
caused pollution to the water environment. However,
they will result in water pollution and become a
source of pollution once the pollutants enter the water body. As mentioned above, RDS contains many
heavy metal pollutants, including Pb, Zn, Cu, Cr, and
Cd. When it rains, these pollutants will be washed
away along with rainfall runoff and finally will flow
into the river as a potential source of water pollution,
degrading the receiving water. Two occurrence
states of heavy metals occur in rainfall runoff: granular and dissolved. Heavy metal pollutants in the
granular state may precipitate in inspection wells or

Evaluation of the impact of human activities
on heavy metal contamination. The concentration
enrichment ratio (CER) of heavy metals provides an
effective means of assessing the level of heavy metal
6665
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The heavy metal concentration in the 0.5M HCl
leaching solution was much lower than in the digested samples, indicating that the heavy metal pollutants in the sediments are in the form of granules.
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SOIL MOISTURE CONTENT, SOIL SALINITY AND WATER
USE EFFICIENCY UNDER SURFACE DRIP AND FLOOD
IRRIGATION IN CONTINUOUS CROPPING PLASTIC
GREENHOUSE OF EASTERN CHINA
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irrigation lower limit. In 0-20 cm soil layer, the soil
nitrate nitrogen content of drip irrigation treatments
was significantly lower than the non-subsurface
pipe region with the same lower limit of irrigation;
but in 20-40 cm soil layer, there was no significant
difference in the soil nitrate between T2 (subsurface
pipe region) and T4 (non-subsurface region). After
transplanting 16 days, the daily water consumption
of tomato are increased with the increase of irrigation lower limit, and daily water consumption intensity decreases with the increase of irrigation water. For the drip irrigation treatment in subsurface
pipe region, increasing the lower limit of irrigation
can increased crop yield, but decreased irrigation
water use efficiency. Under the same irrigation
lower limits, drip irrigation reduced irrigation water
amount, increased crop yield and irrigation water
use efficiency. Total irrigation water amount of T1,
T2, T3, T4, CK1 and CK2 were 2143, 2726, 3209,
4182, 2852 and 3988 m3 hm-2, while production
were respectively 83075, 94200, 94603, 87125,
89773 and 72860 kg hm-2, respectively. The irrigation amount of T2 was 34% lower than T4, and the
irrigation water use efficiency of T2 was significantly higher than T4. Results showed that the
suitable irrigation lower limit was 50% of FC
(seedling stage) ~ 70% of FC (flowering and fruit
setting stage) ~ 65% of FC (fruiting stage).

ABSTRACT
Soil salinization with excessive soil nitrate,
has become the main limiting factor and major
challenge for plastic greenhouse cultivation. This
paper studied the effects of drip irrigation on saline
soil remediation and crop growth. Six lower limit of
irrigation treatments were tested: (1) T1: 50% of
field capacity (FC, seedling stage, S1) ~ 60% of FC
(flowering and fruit setting stage, S2) ~ 55% of FC
(fruiting stage, S3), surface drip irrigation with
subsurface drainage; (2) T2: 50% of FC (S1) ~ 70%
of FC (S2) ~ 65% of FC (S3), surface drip irrigation
with subsurface drainage; (3) T3: 50% of FC (S1) ~
80% of FC (S2) ~ 75% of FC (S3), surface drip
irrigation with subsurface drainage; (4) T4: 50% of
FC (S1) ~ 70% of FC (S2) ~ 65% of FC (S3), flood
irrigation with subsurface drainage; (5) CK1: 50%
of FC (S1) ~ 70% of FC (S2) ~ 65% of FC (S3),
surface drip irrigation without subsurface drainage;
(6) CK2: 50% of FC (S1) ~ 70% of FC (S2) ~ 65%
of FC (S3), flood irrigation without subsurface
drainage. Under the same irrigation lower limit, the
soil moisture content with drip irrigation was higher
than the flood irrigation. In the drip irrigation with
buried subsurface pipe, irrigation water and soil
moisture content increased with the increase of the
lower limit of irrigation. Irrigation in the lower limit of drip irrigation treatment reduced irrigation
water and increase water use efficiency. The soil
salt content decreased with the increase of the lower
limit of irrigation. The soil salinity of the root area
can be effectively regulated by drip irrigation. Use
subsurface drainage, in 0-20 cm soil layer, with the
increase of drip irrigation lower limit, soil salinity
showed the tendency of decrease, and soil salt of
drip irrigation treatment was significantly lower
than the flood irrigation in the same irrigation lower
limit; in 20-40 cm soil layer, the soil salinity content of T4 was significantly higher than T1, T2 and
T3. The soil nitrate nitrogen content in the subsurface pipe region was reduced with the increasing

KEYWORDS:
drip irrigation, soil moisture content, soil salinity, soil
nitrate nitrogen content, crop water consumption, irrigation water use efficiency, plastic greenhouse

INTRODUCTION
Greenhouse cultivation is one of the most
high-effective agriculture in China. Due to the high
land use efficiency and the remarkable economic
benefits, greenhouse cultivation in China is devel-
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oping rapidly, the area has developed from less than
1978 hm2 in 1978 to 1.874 million hm2 in 2013 [1].
In eastern China, plastic greenhouses and simple
facilities cultivation play an important role for raising the income of farmers.
Greenhouse is typical of covering plastic film
all the year, so its soil environment and climate and
environment is very different from the field cultivation. The climate of greenhouse is high temperate
and high humidity and the source of soil water in
greenhouse includes irrigation, but not rain. Excessive fertilization, intensive cropping system and
unreasonable irrigation water management has led
to the accumulation of salt ions. Soil secondary
salinization has become one of the the major soil
obstacle factors of greenhouse cultivation in China
[2]. Irrigation management directly affect the soil
material and energy transport process, and has a
comprehensive effect on the soil environmental
factors. Taking reasonable irrigation management in
greenhouse can not only improve the water use efficiency and crop quality, also can improve soil
physical and chemical properties, and create a good
soil environment [3-5]. Under the greenhouse cultivation condition, the traditional irrigation method
is flood irrigation with the the farmers' experience
to determine irrigation amount and irrigation frequency, and the irrigation depth is limited to the top
layer of soil. Currently, drip irrigation and infiltrating irrigation are gradually applied on the greenhouse production, research has shown that drip irrigation can effectively leach and reduce the salt in
the soil, and improve soil acidity to create a suitable
environment for crop root growth [6-7]. Noory
studies showed that comparing to traditional irrigation methods salt deposition rate is slow under infiltrating irrigation [8]; Liu Y studied using infiltrating irrigation in greenhouse cultivation can
make the soil salinization decreases slowly, and it
works best in 30 cm soil depth with underground
anti-seepage slot [9]. However, for the region which
has high ground water level, only relying on irrigation to leach salt is not effective, because the
amount of salt leaching cannot discharge in time,
buried subsurface pipes drainage can effectively
solve the problem. Research showed that after three
years of leaching test, subsurface pipe drainage can
make the 0-20 cm soil salt decrease by 80% [10].
Research in greenhouse has shown subsurface pipe
drainage has obvious effect on leaching salt, only
after 10 d, 0-20 cm depth soil salinity decreased by
36% in subsurface pipe region than non-subsurface
pipe region [11], which declared subsurface pipe
drainage has a significant effect on decreasing soil
salt. Although subsurface pipe setting involves construction, one-time investment, but the foreign
economic benefits analysis show that the subsurface
pipe system is very cost-effective, can recycling
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costs in 3-9 years [12]. For greenhouse facility, the
study of irrigation with subsurface pipe drainage
system is much less. Strengthening the research in
this field, such as water-saving irrigation, subsurface pipe spacing, the buried depth of work, at the
same time according to different regions, can provide new ideas for the prevention and treatment of
secondary salinization of greenhouse soil.
The objective of this study was to evaluate the
changing of soil salinity and moisture, crop water
consumption and irrigation water use efficiency
under several drip irrigation lower limits with subsurface drainage though greenhouse tomato cultivation, aimed at further clear the effects of water saving irrigation system combined with subsurface
drainage on the regulation of greenhouse saline soil.

MATERIALS AND METHODS
Experimental area. The experiment was
conducted from April 2012 to July 2014 in plastic greenhouses of Jiangning district, Nanjing, eastern China. The test crop was the summer tomato
and the variety was Great Red. There are the subsurface drainage greenhouse and the non-subsurface
drainage greenhouse. The pH of the soil in the subsurface drainage region (0.7m underground, spacing
8m) was 5.90, the soil salt content ZDVÅDQG
the pH of the non-subsurface pipe drainage region
was 5.84, and the soil salt content ZDVÅ7KH
soil bulk density was 1.31 g/cm3 and the field capacity was 24%.
Experimental design. The tomato was planted on March 2, and the seedlings were transplanted
into the greenhouse on April 20. The space between
plants was 0.3 m and between rows was 0.5 m. The
top and branches of the plant were pruned in
growth duration with only fruit on the first three
trusses. Fertilizer was applied uniformly to each
treatment along with the soil was plowed, including
organic fertilizer 10,000 kg/hm2 (N, 5.2, P, 30, K,
20 g kg-1), which was fermented with oil mill
sludge, rice bran and fish meal. In order to ensure
the survival rate of seedlings, irrigation treatment
was conducted after planting.
In the experiment, irrigation was used in two
ways: drip irrigation and flood irrigation, in which
drip irrigation method was used to lay a drip irrigation tube on each line, and the drip emitter spacing
was the same as that of tomato plants. The tomato
was divided into three stages for irrigation: a) seedling stage was the period from planting to 60% first
flower opening of the first inflorescence (14 d); b)
flowering and fruit setting stage was the period
from the seedling stage to the second panicle of the
tomato (29 d); c) fruiting stage was the period from
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each drip irrigation. According to the Technical
Standard of Microirrigation Engineering, the water
uniformity of drip irrigation system can be represented by the Christensen uniform coefficient (Cu),
DQG &X DQG WKH FDOFXODWLRQ IRUPXOD LV DV IRO
lows [13] :

flowering and fruiting stage to third spike fruit harvesting (48 d). Set six irrigation treatments, including:
T1: 50% of field capacity (FC, seedling stage)
~ 60% of FC (flowering and fruit setting stage) ~
55% of FC (fruiting stage), drip irrigation with
subsurface drainage;
(2) T2: 50% of FC (seedling stage) ~ 70% of
FC (flowering and fruit setting stage) ~ 65% of FC
(fruiting stage), drip irrigation with subsurface
drainage;
(3) T3: 50% of FC (seedling stage)~ 80% of
FC (flowering and fruit setting stage) ~ 75% of FC
(fruiting stage), drip irrigation with subsurface
drainage;
(4) T4: 50% of FC (seedling stage) ~ 70% of
FC (flowering and fruit setting stage) ~ 65% of FC
(fruiting stage), flood irrigation with subsurface
drainage;
(5) CK1: 50% of FC (seedling stage) ~ 70% of
FC (flowering and fruit setting stage) ~ 65% of FC
(fruiting stage), drip irrigation without subsurface
drainage;
(6) CK2: 50% of FC (seedling stage) ~ 70% of
FC (flowering and fruit setting stage) ~ 65% of FC
(fruiting stage), flood irrigation without subsurface
drainage.
The irrigation upper limit was 90% of FC. Irrigation water amount was recorded by water meter.
Each treatment was repeated three times. The
treatment was separated by an embedded plastic
membrane to prevent the lateral infiltration of soil
water.

Cu 1 

'q
(1)
q

In the formula: Cu is the Christensen uniform
1 n
coefficients;
q
¦ qi q is the average flow of drip emitter,
n i 1 , qi is the discharge of the i drip emitter,
n is the number of emitters; 'q is the mean value
of the difference between the average flow of the
emitter and flow of each emitter. Table 1 showed
the uniformity coefficient of irrigation water measured under drip irrigation, the results showed that
the values was higher than 0.8, so using drip irrigation can guaranteed the irrigation uniformity of the
experimental area.
(2) sampling soil. The soil moisture content of
two drops in the middle position of drip irrigation
was selected to represent the average soil moisture
content of the whole area and used for irrigation
decision-making in the experiment. The location of
the soil was shown in Figure 1.
Sampling and method. The soil sampling
was located in the middle of the two drip emitters,
and the soil depth was 0-20 cm and 20-40 cm. Soil
moisture content was determined by drying method.
The groundwater level in the test area is susceptible
to rainfall, so as to reduce the influence of external
factors, make sure no rainfall occur during sampling of soil moisture.
The groundwater level in the experimental area was lower than 2.5 m, the groundwater recharge
should be considered. The measurement method of
groundwater recharge was based on Irrigation Experiment Standard [13]: the groundwater recharge
can be measured by using the lysimeter with bottom
and the bottomless lysimeter simultaneously. The
crops, soil texture and soil moisture of the two

Uniformity analysis of drip irrigation and
determination of soil water sampling points. (1)
Determination of irrigation uniformity. Because
irrigation can affect crop growth and yield, it is
necessary to determine the uniformity of irrigation
before test. After land leveling and laying drip irrigation belt, to measure the water uniformity of drip
irrigation system by measuring the dropper flow of

TABLE 1
The coefficient of even degree under drip irrigation.
Treatment

T1

T2

T3

T4

CK1

CK2

Cu

0.96

0.99

0.98

0.97

0.98

0.97

FIGURE 1
The sample site of soil water content.
Note: A, Drip emitter; B, Drip irrigation pipe.
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Irrigation water use efficiency (kg m-3) = yield
(kg) / irrigation water (m3). (2)
The data was analyzed and processed by Excel
2007 and SPSS 17.0.

kinds of lysimeters should be the same. The bottom
lysimeter measured the evapotranspiration of crops
(ET), and the difference between evapotranspiration
and groundwater recharge was measured by the
bottomless lysimeter (ED), and the groundwater
recharge was subtracted by ET and ED. The roots
of tomato were mainly distributed in 0-40 cm soil,
so the amount of groundwater recharge was calculated in this depth of soil. In addition, the experimental area was divided into the subsurface pipe
region and the non-subsurface pipe region, for the
convenience of calculation, no consideration was
given to the effect of buried pipe on groundwater
recharge.

RESULTS AND ANALYSES
Change of soil moisture. Figure 2 showed the
influence of different irrigation system on the soil
moisture at different stages, for comparison, the soil
moisture was analyzed with three days after irrigation at tomato seedling, flowering and fruit, fruiting
stage. Compared with other growth period, the average soil moisture in seedling stage was relatively
high. The soil moisture of flood irrigation treatment
T4 was less than drip irrigation treatment T2 in
seedling stage. The soil moisture was increased
with the increase of soil depth. The soil moisture
from high to low in turn was T3, CK1, T2, T1, CK2,
T4. The soil moisture of drip irrigation T1, T2 and
T3 was higher than the flood irrigation in drainage
area.
In flowering and fruit stage, soil moisture
content of T2 in drainage area was lower than the
CK1 without subsurface-drainage under the same
irrigation lower limit. In fruiting stage, the average
moisture content was the lowest during growing
stage for each treatment. Drip irrigation treatment
T2 and flood irrigation treatment T4 had the same
irrigation lower limit, but T2 can maintain a relatively high soil moisture content in the main root
layer of tomato, this may due to the drip irrigation
has reduced the ineffective evaporation of the surface.
Effects of different irrigation treatments on
soil salinity. The soil salinity of different irrigation
treatments were measured at four days after the last
irrigation (Figure 3). In 0-20 cm soil layer, the soil
salinity of CK2 was significantly higher than T1,
T2, T3, T4 and CK1. In subsurface pipe region, the
soil salinity from low to high was T3, T2 and T1,
with the increase of drip irrigation lower limit, soil
salinity reduced; drip irrigation treatment T2 and
the flood irrigation treatment T4 had the same irrigation lower limit, but the soil salinity of T2 was
significantly lower than T4. In addition, the drip
irrigation treatment T2 and CK1 have the same irrigation lower limit, and the soil salinity of T2 was
significantly lower than CK1. In 20-40 cm soil layer, the soil salinity of T4 was the highest, but there
was no significant difference among treatments in
the subsurface pipe region. The soil salinity of T1,
T2, T3, T4 in the subsurface pipe region in the
subsurface pipe region was significantly lower than
CK1 and CK2 in the non-subsurface pipe region.
The soil salt content of the flood irrigation

FIGURE 2
Soil moisture under different irrigation
treatments.
Soil salinity was determined by residue drying
method. Soil NO3-: the soil water was dissolved in
10 times of water, the supernatant was used to analyzed by flow analyzer method.
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FIGURE 3
Effects of irrigation on soil salinity in soil profile.
Note: the variance analysis was performed by Duncan method, and there is a significant difference in the representation of the letters with
different lowercase letters (p < 0.05).
The results of the significance of desalination rate of 0-20 cm and 20-40 cm soil were analyzed respectively.

TABLE 2
Effects of different irrigation systems on nitrate nitrogen content in soil profile.
Treatment

Soil layer
/cm

Soil nitrate nitrogen content /mg kg-1
Before test
After test

Difference

c

-11
0~20
30.5
19.5
20~40
23.7
18.9 C
-4.8
0~20
30.9
18.6 c
-12.3
T2
20~40
24.1
18.7 C
-5.4
-15.4
0~20
32.8
17.4 c
T3
20~40
24.1
15.5 C
-8.6
0~20
31.2
21.3 b
-9.9
T4
20~40
23.3
17 C
-6.3
0~20
31.5
21.1 b
-10.4
CK1
20~40
24.7
20.2 B
-4.5
0~20
31.5
29.5 a
-2
CK2
20~40
24.4
24.5 A
+0.1
Note: The difference of soil nitrate nitrogen content between before and after the test is negative (-), indicating that the nutrient is absorbed from the soil; Positive (+) applied fertilizer is accumulated in soil. The variance analysis was performed by Duncan method, and the
difference was significant (p < 0.05). The desalination rate of the soil layer of 0-20cm and 20-40 cm was compared respectively, and the salt
rate of the soil layer of 0-20cm was marked as the superscript.
T1

treatment CK2 was higher than that of the drip irrigation treatment CK1, but there was no significant
difference between them.

Crop water consumption and irrigation
water use efficiency. Crop water consumption.
The calculation formula of vegetable water consumption is calculated as follows [14]˖

Change of soil nitrate nitrogen content. The
nitrate nitrogen content (NO3--N) in soil layer from
0-20 cm and 20-40 cm of different irrigation systems were measured before and after test (Table 2).
Compared with before the test, the soil NO3--N was
reduced after the test. The sequence of the soil salinity of drip irrigation treatments in subsurface
pipe region has been concluded as: T3>T2>T1,
indicating that the soil NO3--N decreased with the
improvement of the drip irrigation lower limit. The
drip irrigation treatment T2 in subsurface pipe region and drip irrigation treatment CK1 in
non-subsurface pipe region had the same lower
limit, in 0-20 cm soil layer, the NO3--N in T2 was
lower than CK1; in 20-40 cm soil layer, the soil
NO3- of T2 was very close to CK1.

n

ET

10¦ ri H i (Ti1  Ti 2 )  M  P  K  C (3)
i 1

ET is the water consumption in different crop
stages, mm; i is the soil layer number; n is the total
number of soil layers; J i is soil dry weight of the i
Hi
soil layer, g cm-3;
is the thickness of i soil layT
T
i
1
i
2
er;
and
are the water content at the beginning and end of i soil layer in the crop growth stage;
M is the irrigation water amount in the crop growth
stage, mm; P is the rainfall in the crop growth stage,
mm; K is the groundwater recharge in the crop
growth stage, mm; C is the amount of water displacement (the sum of surface drainage and subsur-
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face drainage) in the crop growth stage. This experiment was covered with plastic film cultivation,
so the direct effect of precipitation was not considered. Under the condition of rainfall above 16 mm,
or 12 hours of rainfall accumulated up to 30 mm, or
continuous 24 hours rainfall above, the groundwater recharge was calculated.
Table 3 showed the variation of daily water
consumption of tomato under different irrigation
treatments. From the table it can be seen that the
daily water consumption of tomato increased first
and then decreased, over time, this may due to the
growth and development of tomato plants and the
effect of environmental meteorological factors.
Different irrigation lower limits had an effect on
crop daily water consumption. After transplanting
16 days, crop daily water consumption was T1˘T2
˘T3, the daily water consumption increased with
the increase of drip irrigation lower limit, it is possible that the lower irrigation lower limits lead to
soil water stress and then reduce crop water consumption. The total water consumption during the
full crop growth period was in sequence as: T1<
T2< CK1< T3< T4< CK2. Compared to T1, the
total water consumption of T2, T3, T4, CK1 and
CK2 increased 13.32%, 19.93%, 24.08%, 19.00%,
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31.08%, respectively.
Irrigation water use efficiency. The field experiment in 2013 was 92 days, and the accumulative amount of groundwater recharge was 325 m3
hm-2. Figure 4 showed the total irrigation water
amount and irrigation water efficiency in this experiment. The irrigation water efficiency (IWUE)
for T1, T2, T3, T4, CK1, CK2 was 2143, 2726,
3209, 4182, 2852 and 3988 m3 hm-2, while the yield
was 83075, 94200, 94603, 87125, 89773 and 72860
kg hm-2, respectively. In subsurface pipe region, the
irrigation amount of T2 and T3 were increased by
16.29% and 24.16%, the IWUE of T2 and T3 were
decreased 6.96% and 11.83%, as compared with T1
respectively. This showed that the total amount of
irrigation water and crop yield during the tomato
growing period increased with the improvement of
the drip irrigation lower limit, but the IWUE decreased. Irrigation amount of drip irrigation treatment T2 was reduced 34% than flood irrigation
treatment T4, while the yield increased by 0.5%,
and IWUE of T2 significantly higher than that of
T4, it showed that using drip irrigation methods can
significantly reduce the irrigation water in subsurface pipe region.

TABLE 3
Daily water consumption for tomato under different irrigation systems.
Number of days after
transplanting
4
9
16
22
30
37
43
51
57
65
72
86
91
Total

Daily water consumption /mm d-1
T1
T2
T3
0.98
1.22
1.37
1.34
1.33
1.38
1.54
1.70
1.96
2.08
2.30
2.47
2.49
2.76
3.08
2.84
3.29
3.74
3.37
4.14
4.49
3.42
4.53
4.74
3.90
4.67
4.80
3.98
4.15
4.15
3.15
3.28
3.28
2.12
2.27
2.27
2.06
2.06
2.17
33.27
37.7
39.9

T4
1.39
1.38
2.01
2.67
3.32
4.07
4.70
4.80
4.77
4.26
3.40
2.38
2.13
41.28

CK1
1.42
1.31
1.80
2.47
3.05
3.79
4.48
4.70
4.77
4.01
3.31
2.39
2.09
39.59

FIGURE 4
Irrigation water use efficiency under different irrigation treatments.
Note: The variance analysis was conducted by Duncan method, and the difference was significant (p < 0.05).
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CK2
1.51
1.46
2.07
2.68
3.31
4.28
4.89
5.21
5.01
4.56
3.87
2.61
2.15
43.61
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TABLE 4
Effects of different irrigation systems on facility tomato economic benefits.

T1

83075.0

Commodity
yield -2
/kg hm
78921.3

24591.9

3799.3

20792.6

Economic benefits after
depreciation
/$ hm-2
21901.9

T2

94200.0

86664.0

27004.5

3801.0

23203.5

24312.8

T3

94602.5

83250.2

25940.8

3802.4

22138.4

23247.7

T4

87125.0

76670.0

23890.4

2580.4

21310.0

22419.2

CK1

89772.5

81693.0

25455.5

3801.3

21654.2

22763.5

CK2

72860.0

65574.0

20432.9

2579.9

17853.0

18962.3

Treatment

Total yield
/kg hm-2

Sales volume
/$ hm-2

Production cost
/$ hm-2

Economic
benefit
/$ hm-2

Note: The drip irrigation equipment used in this greenhouse was depreciated according to the operation period of 5 years.

gion was the lowest. The results showed that the
combination of drip irrigation and buried subsurface pipe in saline soil can improve crop yield and
economic benefits.

Effects of different irrigation treatments on
the economic benefit of the facility tomato. The
economic benefit is the difference between output
and input. Through investigation and calculation,
the yield, cost and yield of the unit area under different irrigation treatments were shown in Table 4.
Commodity yield is the total crop yield after reduction of malformed fruit and dehiscent fruit. The
production cost of tomato cultivation mainly includes fertilizer, seeds, pesticides, labor, freight,
water and drip irrigation equipment. Used as fertilizer, seeds, pesticides, and the price of freight is
equal, drip irrigation and traditional irrigation investment differences mainly reflected in the labor
and water, drip irrigation can reduce labor consumed by ditch irrigation. In addition, drip irrigation can greatly reduce the amount of irrigation, the
water price of agricultural water in China was
2.882×10-3 $ per ton [14]. During the experiment,
the water rent of T1, T2, T3, T4, CK1, and CK2
were 6.17, 7.85, 9.25, 12.06, 8.23, 11.50 $/hm2,
therefore drip irrigation while saving a large
amount of water resources, but reflect on the irrigation cost compared to flood irrigation CK2 was not
significant. The unit area cost of the drip irrigation
equipment used in the establishment of the facility
was about 1386.62 $/hm2, which can be used for 5
years, and the term of use shall be calculated according to the cost depreciation.
Under the condition of subsurface pipe, the
total yield of T1, T2 and T3 were in squence as:
T3 >T2 >T1, total yield was increased with the increasing drip irrigation lower limit. T3 had the
highest total yield, but its economic benefits was
not the highest, because the T3 had more malformed fruit and dehiscent fruit, which lead to a
drop in benefit. T2 in subsurface region and treatment CK1 in control area are both treated by drip
irrigation, and have the same irrigation lower limit,
but crop yield and economic benefits of the T2 were
higher than CK1, this suggested that, in the saline
soil buried subsurface pipe could improve the yield
of drip irrigation tomato. The yield and economic
benefit of the CK2 in the non-subsurface pipe re-

DISCUSSION
Compared with other growth periods, soil
moisture content in seedling stage was relatively
high, this may because the crop water consumption
was less. T2 and T4 have the same irrigation lower
limit in subsurface pipe region treatment, soil
moisture content of T4 was lower than T2, this may
be due to surface drip irrigation can reduce surface
soil ineffective evaporation [16].
(2) Under subsurface pipe drainage condition,
in 0-20 cm soil layer, with the increasing drip irrigation lower limit, soil salinity showed the tendency of decrease; in the same irrigation lower limit,
soil salinity of drip irrigation treatment T2 significantly lower than the flood irrigation T4. This
showed that the soil salinity in crop root area can be
effectively regulated by drip irrigation [17]. In
20-40 cm soil layer, the soil salt content of T4 was
significantly higher than drip irrigation treatment
T1, T2 and T3, but there was no significant difference in soil salt content among the drip irrigation
treatment of different irrigation lower limits. In drip
irrigation under the same irrigation lower limit conditions, the soil salt in subsurface pipe region T2
was significantly lower than not buried pipe irrigation treatment CK1, it indicated that using drip irrigation in subsurface pipe region can effectively
reduce the soil salt [18].
Drip irrigation treatments which have the
same lower limit of irrigation, in 0-20 cm soil layer,
the soil NO3- of T2 significantly lower than CK1
which in non-subsurface pipe region, indicating that
the buried subsurface pipe can help reduced the
excessive NO3- in the soil. But in 20-40 cm soil
layer, there was no significant difference in the soil
NO3- between T2 and CK1, it showed that under the
model of subsurface pipe drainage in this experi-
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ment, the elution rate in 20-40 cm soil layer was not
high, which can not cause the loss of NO3- and the
risk of groundwater pollution.
After transplanting 30 days, daily water consumption intensity of flood irrigation treatment
CK2 in non-subsurface pipe region was lower than
T4 in subsurface pipe region. It may be due to water
consumption was mainly plant transpiration intensity in the flowering and fruit setting stage and the
fruiting stage, and crops in non-subsurface pipe
region due to the effects of salt stress, affected the
growth of the plants, so plant transpiration and water consumption reduced .
Combining drip irrigation with organic fertilizer for greenhouse crops in semiarid climates
could be a good management strategy for three
reasons: it saves water [19].
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THE EFFECTS OF PRIMING PRETREATMENTS ON
GERMINATION AND SEEDLING GROWTH IN PERENNIAL
RYEGRASS EXPOSED TO HEAVY METAL STRESS
Melek Akar1, Ibrahim Atis2,*
2
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ment of a plant species on germination and seedlingforming ability.
Cadmium (Cd) is a highly toxic metal that has
come to the fore because its various uses and its important role in environmental pollution. The main
reason that cadmium has recently been on the agenda
as a pollutant is that it is toxic, even at very low doses
and the biological half-life is long [4, 5, 6]. Plants are
adversely affected by increasing cadmium doses during whole growth period [7], but the cadmium tolerance thresholds of the various plant species are different [3, 8, 9, 10, 11, 12]. For nickel (Ni), low doses
are required for the plant [13], but high concentrations are known to have adverse effects [14, 15].
Necessary precautions must be taken in the
presence of these stress conditions. Priming treatments can provide successful germination results in
the presence of stress conditions. Priming is the generic name for commercially accepted seed practices
that promote uniform germination and emergence.
Agents such as KNO3, PEG [16], CuSO4 [17], and
GA3 [18] can be used for priming treatments.
Lawn plants are of great importance in terms of
environmental protection and pollution reduction.
The plants in this group have characteristics of
strong regeneration, rapid growth and development,
and frequent cutting during the year. It is possible to
reduce the heavy metals found in the environment,
especially through cutting, which is done many times
during the year [19]. Perennial ryegrass (Lolium
perenne L.) is one of the most preferred plant species
for this purpose [20, 21, 22, 23].
In this study, we aimed to determine the effect
on the germination properties of perennial ryegrass
of different nickel and cadmium doses and to determine the effect of KNO3 and GA3 as priming material and hydropriming as control in order to encourage germination under cadmium and nickel stress
conditions.

ABSTRACT
This research was conducted to determine the
effects of priming treatments (GA3, KNO3 and Hydropriming) on germination and seedling growth in
perennial ryegrass contaminated with different doses
(0, 75, 150, and 300 mg l-1) of cadmium and nickel.
The study was conducted under laboratory conditions. Perennial ryegrass cv. Integra was used as the
plant material. The results showed that both germination and seedling growth properties were adversely affected by heavy metals. The adverse effects of nickel were more pronounced than those of
cadmium. The GA3 seed priming pretreatment had
positive effects on both germination properties and
seedling growth. As a result, GA3 can be used as a
seed priming agent if the perennial ryegrass is to be
grown in areas contaminated with nickel and cadmium.

KEYWORDS:
Heavy Metal, Priming, Germination, Perennial Ryegrass,
Nickel, Cadmium.

INTRODUCTION
Healthy seed germination plays a critical role
in ensuring desired plant density and successful production [1, 2]. The success of germination and emergence depends on the interaction between the environmental conditions in the seed bed and the seedquality [1]. Many of the biotic and abiotic stress factors present in the seed bed prevents the desired plant
density from being achieved. Heavy metals are the
major abiotic stress factors that cause stress on the
plant. Much of the research investigating the effects
of heavy metals on plants has been carried out on
grown or already germinated seedlings in order to
determine the tolerance of heavy metals on plants
and the amounts that can be taken up by plants [3].
However, it is a fact that plants that fail to germinate
cannot become seedlings and mature plants. For this
reason, it is very important to know the effect of
heavy metals existing in the germination environ-

MATERIALS AND METHODS
Plant materials and treatment condition.
The research was conducted in laboratory conditions
in the Field Crops Department of the Mustafa Kemal
University Faculty of Agriculture. In the experiment,
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rences among the mean values were grouped by the
Duncan test (P < 0.05).

the seeds of perennial ryegrass (Lolium perenne L.
cv. Integra) were used as plant material. In the experiment, Cd was used in the form of cadmium sulfate hydrate (3CdSO4.8H2O) and Ni in the form of
nickel (ii) sulfate hexahydrate (NiSO4.6H2O). Potassium nitrate (KNO3) and gibberellic acid (GA3) were
used as priming agents.

RESULTS AND DISCUSSION
Responses to the kind of heavy metal. The effects of the kinds of heavy metal were statistically
significant in terms of germination percentage (GP),
mean germination time (MGT), and root length
while nonsignificant in term of germination index
(GI) and shoot length (Table 1). The GP (83.83%) of
perennial ryegrass under nickel stress was significantly lower than the GP (88.92%) of perennial
ryegrass under cadmium stress (Table 2). Similarly,
some previous researchers reported that the fatal effects of nickel on plant seedlings were greater than
for cadmium [27, 28] while Caliskan [29] reported
that cadmium was more toxic than nickel for plant
seedling. This situation showed that the response of
plant species to different heavy metal kinds is different, and this reaction is very important in terms of
the success of plant growth. The germination index
value determined for plants under cadmium stress
was 5.21 while the mean germination index value for
plants under nickel stress was found to be 5.31, but
this difference was statistically insignificant (Table
1, 2). Although the effects of cadmium and nickel on
the germination index of perennial ryegrass are not
related to each other, it can be said that adverse effects on germination are due to increasing doses of
both metals. As a matter of fact, Caliskan [29] reported that the adverse effects of heavy metals on
germination could vary depending on the kind of
metal and its dose.
The mean germination time value was 4.31
days under cadmium stress while the mean germination time value under nickel stress was 5.27 days
(Table 1). This situation showed that germination of
perennial ryegrass under nickel stress was more delayed than cadmium stress conditions. Heavy metals
delay the germination of plants, but this effect may
vary depending on the plant species, the kind of
heavy metal and the dose of heavy metal that was
applied [29]. The delay of germination increases the
likelihood of the seed being exposed to adverse environmental conditions (drought, insects, frost, excessive water, etc.) and lessens the emergence of homogenous seedlings and the achievement of adequate plant density. The root length value (12.43
mm) recorded under nickel stress was significantly
lower than in the root length value (17.02 mm) recorded under cadmium stress. Our results indicated
that the adverse effects of nickel on the root length
of perennial ryegrass is greater than that of cadmium
during the germination period [27, 28]. In the study
conducted by Peralta-Videa et al. [28] with different
kinds of heavy metals, it was determined that the
most accumulated heavy metal in alfalfa was nickel.
This result is explained by the fact that nickel has a

Methods. In the study, three different doses of
cadmium and nickel (75, 150, 300 mg l-1) and distilled water as the control treatment were used as
seed germination mediums. To determine the effect
of the priming treatments on germination under
heavy metal stress, 2% KNO3 and 500 ppm GA3
were used as priming agents. The priming treatments
were carried out by soaking seeds in KNO3 and GA3
solutions prepared at the indicated doses for two
days (48 hours) at 25 ° C after applying surface sterilization to the seeds. In addition, a group of nonpriming seeds were prepared for planting in soaked
distilled water (hydropriming) under the same conditions as the 48-hour priming treatments after sterilization. The seeds to which the required pretreatment had been applied were planted in petri dishes
of 9 cm diameter containing in two layers of filter
paper. Twenty-five seeds were placed in each petri
dish. 10 ml of the stock solution prepared in doses of
75, 150, 300 mg l-1 of both heavy metals (previously
prepared as 1L stock solution) and pure water was
used as a control treatment. The petri dishes were
placed in a climate chamber set at a temperature of
25 ± 1 ° C and 16/8 h light/dark conditions. The petri
dishes were placed in a growth container set at a temperature of 25 ± 1 °C and 16 h light/8 h dark conditions. Observations were carried out only until the
14th day due to the risk of infection although observations were planned to be continued until the 21st
day. Germination data were recorded daily until the
14th day. The seedling growing measurements were
made on the 14th day for 10 seedlings per petri dish.
Germination percentage (GP) [24], germination index (GI) [25], and mean germination time (MGT)
[26] values were calculated according to the following formulas to interpret germination characteristics:
GP(%)= (number of seeds germinated / total
number of seeds sown) × 100;
0*7 Ȉ Q' ȈQ
where n is the number of newly germinated
seeds on each day, and D is the day of counting;
*,  *W7W
where Gt is the number of seeds germinated on
tth day, and Tt is the number of days up to tth day.
The experimental design was three factorial, arranged in a completely randomized design with four
replications. The first factor was the kind of heavy
metal (Cd and Ni), the second was the doses of heavy
metal (0, 75, 150, and 300 mg l-1), and the third was
the priming treatment (KNO3, GA3 and hydropriming). An analysis of variance was performed using
the MSTAT-C software package. Significant diffe-
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TABLE 1
Mean squares of the combined analysis of variance for investigated characters
Source of variation
Heavy Metal Kind (A)
Heavy Metal Dose (B)
AXB
Priming (C)
AXC
BXC
AXBXC
Residual

d.f
1
3
3
2
2
6
6
72

GP
(%)
504.167**
697.056**
183.278*
9.500
16.167
222.389**
9.944
48.611

GI
0.254
5.324**
0.467
1.681**
0.172
1.283**
0.523
0.279

Mean Squares
MGT
Root
(day)
Length
22.042**
506.231**
12.103**
1734.256**
8.511**
68.599**
5.066**
118.906**
0.250
1.719
0.930
64.042**
1.311
18.320
16.453
11.675

Shoot
Length
0.970
333.795**
12.435
3382.331**
80.452*
27.926
15.709
25.132

* Significant at the 0.05 probability level, ** Significant at the 0.01 probability level
TABLE 2
Effect of heavy metal kind, heavy metal dose and priming treatment on germination percentage (GP),
mean germination time (MGT), germination index (GI), root length and shoot length
Heavy Metal Kind
Cadmium
Nickel
Heavy Metal Dose
0 mg l-1
75 mg l-1
150 mg l-1
300 mg l-1
Priming
Hydropriming
GA3
KNO3

GP (%)

GI

MGT(day)

Root Length (mm)

Shoot Length (mm)

88.92 a*
83.83 b

5.21
5.31

4.31 b
5.27 a

17.02 a
12.43 b

49.53
49.33

92.67 a
89.33 a
83.83 b
80.67 b

5.62 a
5.58 a
5.25 b
4.60 c

4.21 b
5.08 a
5.08 a
4.80 a

27.38 a
12.01 b
9.84 c
9.68 c

53.89 a
50.90 b
47.46 c
45.46 c

87.00
86.88
86.00

5.34 a
5.44 a
5.00 b

4.67 b
4.59 b
5.11 a

14.15 b
13.16 b
16.88 b

40.81 c
60.81 a
46.66 b

*

Means followed by the same letters in each column are not significantly different at P= 0.05 probability level

the negative effect on germination of plants [9, 11,
29]. The germination index values decreased significantly due to increased metal doses. The germination index values were determined as 5.62, 5.58,
5.25, and 4.60 for heavy metal doses of 0, 75, 150,
and 300 mg l-1, respectively. The increase of the
heavy metal dose to 75 mg l-1 did not cause a significant decrease in the germination index value compared to the control. The increase of the heavy metal
dose to 150 mg l-1 did cause a significant decrease in
the germination index value compared to the control
and 75 mg l-1. The germination index value determined at 300 mg l-1 was significantly lower than all
other doses (Table 2). Also, other researchers determined that significant reductions in the germination
index occurred due to increased heavy metal doses
[29, 30]. The mean germination times varied between 4.21 days and 5.08 days depending on the
heavy metal doses. Seeds exposed to heavy metals
germinated considerably more slowly than those in
the control group. The mean germination times of
heavy metal applied seeds (75, 150, and 300 mg l -1)
were statistically similar. This result indicated that
heavy metals were an abiotic stress factor that delay
germination [29, 30]. The effects of heavy metal
doses were statistically significant in terms of root
length (Table 1). Root lengths ranged from 9.68 mm

more dominant influence on some plants than cadmium. The effects of kinds of heavy metals were statistically insignificant in terms of shoot length (Table
1). The shoot length determined for plants under cadmium stress was 49.53 while the shoot length for
plants under nickel stress was 49.33. The results of
the study indicated that the effects of nickel and cadmium were different for the underground parts of
perennial ryegrass but similar for its aboveground
parts.
Responses to heavy metal doses. Germination
percentages varied significantly depending on the increase in heavy metal doses (Table 1). Germination
percentages were determined as 92.67%, 89.33%,
83.83%, and 80.67% depending on the increasing
doses (respectively for 0, 75, 150, and 300 mg l-1). A
continuous decrease in the percentage of germination due to increased heavy metal doses was observed while germination percentages determined at
control (0 mg l-1) and at a dose of 75 mg l-1 were statistically similar. The germination percentages determined at doses of 150 and 300 mg l-1 were not statistically different from each other (Table 2). Other researchers reported that the presence of heavy metals
in the growing medium adversely affected germi-nation, and the increased heavy metal doses increased
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than that recorded with GA3 and hydropriming treatments (Table1, 2). This result indicated that KNO 3
pretreatment did not provide the expected benefits in
terms of the germination time of perennial ryegrass
under cadmium and nickel stress. The effects of seed
priming pretreatments on germination times and
other germination properties may vary according to
the different plant species and germination conditions. Galhaut et al. [36] reported that, while seed
priming pretreatments provided significant advantages in soils contaminated with heavy metals, it
did not provide an important benefit in uncontaminated soils, and the effects of the priming agents used
were different from each other. Thus, for a successful germination and seedling growth, it is important
to know the interaction between plant species, seed
priming agents, and environmental conditions. The
effects of seed priming treatments were significant
in terms of root length (Table 1). Depending on the
priming pre-treatments, root lengths ranged between
13.16 mm and 16.88 mm. While the longest root
length value was determined with the KNO3 pretreatment, the value determined in this application
was found to be statistically higher than with the
other two pretreatment applications (Table 2). This
situation indicated that KNO3 treatment promoted
root growth in germinated seeds of perennial
ryegrass although it did not show sufficient effect in
initiating germination. The effect of seed priming
pre-treatments on shoot length was statistically significant (Table 1). The shoot lengths were 40.81,
60.81 and 46.66 mm for hydropriming, GA3 treatment and KNO3 treatment, respectively. The seedling length determined in the GA3 pretreatment was
in the first rank with 60.81 mm, and this value was
statistically higher than with other priming pretreatments. Our results show that GA3 is a good seed
priming agent especially in terms of seedling growth.
Similarly, some other researchers have reported that
the effect of different seed priming agents varies in
the presence of heavy metals [34, 37].

to 27.38 mm depending on the metal doses (Table 2).
Root length in the control group was statistically
higher than in all the other groups treated with heavy
metal. Generally, the root length decreased with increasing doses. While the root length measured at a
75 mg l-1 metal dose was statistically higher than the
150 mg l-1 and 300 mg l-1 doses, root lengths measured at doses of 150 and 300 mg l-1 were not statistically different from each other. Similar to our findings, the negative effects of nickel and cadmium on
root growth have been reported by other researchers
[8, 14, 30, 31]. Shoot lengths were significantly decreased depending on increasing heavy metal doses
(Table 1). Shoot lengths were determined as 53.89,
50.90, 47.46, and 45.46 mm for heavy metal doses
of 0, 75, 150, and 300 mg l-1, respectively. Shoot
lengths of seeds exposed to heavy metals were significantly lower than for the control group. While the
root length recorded at a 75 mg l-1 metal dose was
statistically higher than the 150 mg l-1 and 300 mg l1
doses, shoot lengths determined at doses of 150 and
300 mg l-1 were statistically similar to each other.
While the findings of some previous researchers supported our results [9, 14, 28, 32], Kalaycioglu [33]
reported that cadmium did not adversely affect the
plant height of the common nettle (Urtica dioica L.).
This finding demonstrates that the effect of heavy
metals may vary according to the plant species.
Responses to seed priming pre-treatments.
The effect of seed priming pre-treatments on germination percentages was statistically insignificant
(Table 1). The germination percentages were
87.00%, 86.88%, and 86.00% for hydropriming,
GA3 and KNO3, respectively (Table 2). Germination
index values varied between 5.00 and 5.44, depending on seed priming pretreatments. The highest germination index value was identified with GA3 treatment. The germination index value calculated for the
KNO3 treatment was statistically lower compared to
hydropriming and GA3 treatments while the germination index values of hydropriming and GA3 treatments were statistically similar. The results of the
study showed that KNO3 treatment did not achieve
the expected positive effect on the germination of
perennial ryegrass under heavy metal stress. GA3
could be preferred as a priming agent that contribute
to the germination of perennial ryegrass under heavy
metal stress. Espanany et al. [34] reported that the
effect of priming pretreatments on different seeds
varied in the presence of heavy metals (especially
with high doses of heavy metals). Also, a dose of
seed priming agent can play a decisive role in the effect on germination [33]. A GA3 treatment provided
the fastest mean germination time of 4.59 days while
the hydropriming treatment provided 4.67 days -- a
mean germination time very close to that with the
GA3 treatment. The mean germination time recorded
with the KNO3 treatment was statistically slower

Interaction effects. The factors of the interactions that were statistically significant in this section
were interpreted. In this study, the effect of heavy
metal kind x heavy metal dose and heavy metal dose
x priming interactions on germination percentage,
the effect of heavy metal dose x priming interaction
on the germination index, the effect of heavy metal
kind x heavy metal dose interaction on the mean germination time, the effect of heavy metal kind x heavy
metal dose and heavy metal dose x priming interactions on root length, and the effect of heavy metal
kind x priming interactions on shoot length were statistically significant (Table 1).
When the effect of metal kind x metal dose binary interaction on germination percentage was evaluated, differences among germination percentages
calculated for cadmium doses of 0, 75, and 150 mg
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l-1 were statistically insignificant, but the germination percentage of seeds exposed to cadmium stress
significantly decreased with a dose of 300 mg l-1
(Figure 1a).
This result indicated that the breaking point
was 300 mg l-1 in terms of germination percentage in
perennial ryegrass exposed to cadmium stress. In
nickel treatment, the germination percentages determined at doses of 150 and 300 mg l-1 were considerably lower than those of 0 and 75 mg l-1 (Figure 1a).
Toxicity began at lower doses of nickel compared to
cadmium in terms of germination of perennial
ryegrass. The variance analysis results showed that
the effect of metal dose x priming binary interaction
on germination percentage had significance at a 1%
probability level. (Table 1). The highest germination
percentage was determined in the control (without
heavy metal) application of the KNO3 pretreatment.
The value determined in this application was similar
to the control application of the hydropriming pretreatment while it was statistically higher than the
germination percentage of the control group pretreated with GA3. The germination percentages of
seeds pretreated with GA3 were statistically similar
in the control group and all heavy metal dose groups
(Figure 1b). Although the highest germination percentage was obtained in the control application of
seeds pretreated with KNO3, the germination percentage of seeds pretreated with KNO3 decreased
significantly due to the increase in the heavy metal
dose. This situation indicated that heavy metals
could have entered into a negative interaction with
KNO3. Our results indicated that, although KNO3
was an effective priming agent in conditions without
heavy metals, GA3 could be preferred as a priming
agent that contribute to the germination of perennial
ryegrass under heavy metal stress.
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The effect of heavy metal dose x priming interaction was statistically significant in terms of germination index. In control and 75 mg l-1 heavy metal
treatments, all three priming pretreatments had similar germination index values. The increase in the
heavy metal dose to 150 mg l -1 resulted in a germination index lower than that with the other seed
priming pretreatments in the KNO3 pretreatment. A
similar situation was observed with a heavy metal
dose of 300 mg l-1 (Figure 2). In terms of the germination index, the effect of KNO3 on high heavy metal
doses was found to be negative in contrast to the expected results.
The mean germination times (days) determined
as the result of the metal kind x metal doses interaction are given in Figure 3. As shown in Figure 3, the
mean germination times of seeds under cadmium
stress did not show any significant difference from
that of the control to the highest cadmium dose.
The time of germination of nickel exposed
seeds was considerably longer than that of the control. Specifically, doses of nickel of 75 mg l -1 and
150 mg l-1 resulted in a significant delay in the germination period. Our results showed that cadmium
did not have any effect on the germination time of
perennial ryegrass although nickel did have such an
effect.
The root lengths were significantly affected by
both heavy metal kind × heavy metal dose and heavy
metal dose × priming interactions (Table 1). The root
lengths (mm) determined as the result of the heavy
metal kind x heavy metal dose interaction are given
in Figure 4a. Generally, the root lengths of plants under cadmium stress are longer than those under
nickel stress while root lengths significantly decreased due to increasing doses in both kinds of metals. This decrease was more pronounced with nickel
treatments.
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FIGURE 1
Effect of (a) heavy metal kind × heavy metal dose interaction, (b) heavy metal dose × priming interaction
on germination percentage
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FIGURE 4
Effect of (a) heavy metal kind × heavy metal dose interaction, (b) heavy metal dose × priming interaction
on root length

6682

Volume 27 ± No. 10/2018 pages 6677-6685

   ()

© by PSP

21
2,
11
1,
01
0,
/1
/,
.1
.,
-1
-,
1
,

Fresenius Environmental Bulletin

!

2.%.
15%0


0-%0


00%5


0,%.


.

/
 



04%/


/

FIGURE 5
Effect of heavy metal kind × priming treatment interaction on shoot length

than those of cadmium. The level of adverse effects
had also increased due to increased heavy metal
doses. The KNO3 pretreatment had a limited benefit
only in terms of root development under heavy metal
stress while the GA3 pretreatment had positive effects on both germination properties and seedling
growth. As a consequence of all this, GA3 can be
used as a seed priming agent if the perennial ryegrass
is to be grown in areas contaminated with nickel and
cadmium.

When the effect of metal dose x priming binary
interaction on root length was evaluated, the root
length values ranged between 33.8 mm and 9.1 mm
in all treatments (Figure 4b). Higher root lengths
were observed in the control treatment than all heavy
metal treatment. The decrease in root lengths depending on the increase in heavy metal doses. In the
75 mg l-1 heavy metal treatment, the root length with
the KNO3 priming pretreatment was higher compared to 75, 150, and 300 ml l-1 heavy metal doses in
all priming pretreatment (except the KNO3 pretreatment in the 300 mg l-1 heavy metal dose). This
demonstrated that KNO3 has a limited benefit in the
low heavy metal doses, but seed priming pretreatments had no effect on root growth at doses of heavy
metal above 75 mg l-1. Espanany et al. [33] reported
that there was a significant increase in the root length
of black cumin seeds under cadmium stress with
KNO3 pre-treatment but that the salicylic acid pretreatment was more effective in removing the negative effects of cadmium on the seedling growth of the
plant. Some researchers reported previously that root
length was positively affected by seed priming pretreatments [37, 38, 39, 40].
The effects of heavy metal kind x priming interactions on shoot length were statistically significant (Table 1). Seedling lengths determined with
GA3 seed priming pretreatment for both nickel stress
and cadmium stress were statistically higher than
with other seed priming pretreatments (Figure 5).
This result suggested that GA3 as a priming agent
should be preferred for reducing heavy metal stress
in terms of seedling growth for perennial ryegrass.
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ABSTRACT

(Hg2+) and elemental mercury Hg0 vapor in
coal-fired flue gas[5]. Now,activated carbon [6], fly
ash [7],calcium-based sorbents [8], and so on have
been used for Hg0 removal, among them, activated
carbon injection is widely used in coal-fired power
plant for mercury control. But the high cost limited
its application in power plants[9-11]. Compared
with activated carbon, activated coke overcomes the
shortcomings of activated carbon, such as its lower
special area (150±300 m2/g), better mechanical
strength, not easy to crush, at the same time it
maintains the advantages that has regeneration and
lower price compared with activated carbon, and it
has higher performance to remove SOx and NOx in
simultaneous gas. It is a promising and worth further research carbon-based adsorbent[12], thus
activated coke has attracted many researchers attention to the study of Hg removal[13,14].
In order to improve the activity of adsorbent,
many active components had been loaded on AC to
remove mercury from flue gas. In recent years,
some researchers have developed some new SCR
catalysts[15], such as V2O5-WO3/TiO2 and
SiO2-TiO2-V2O5 catalyst overcome the shortcomings of the traditional SCR catalysts that small
VXUIDFH DUHD DQG QDUURZ WHPSHUDWXUH UDQJH ,W¶V
temperature range is below 200Ԩ and has a very
high tolerance to temperature, it shows a high denitrification performance, strong anti-sulfur poisoning
and water resistance[16,17]. As a mineral adsorbent, zeolite has a unique internal structure, a large
specific surface area, good adsorption and ion exchange capacity. By chemical modification or the
addition of other active ingredients, it can effectively remove Hg0 of the flue gas. Loading metal
Ag on zeolite surface could significantly improve
the Hg0 removal efficiency[18-20].
Therefore, it is necessary to find a new and efficient adsorbent and technology to remove Hg0.
From this perspective, using activated coke, catalyst
V2O5-WO3/TiO2 and magnetic silver loaded zeolite
(MagZ-Ag0) to prepare a new formulation adsorbent with economy, high efficiency and low cost is
significant.Therefore, this paper prepared a new

Coal-fired flue gas has become a major source
of mercury pollution. In this work, a novel active
coke formula adsorbent(ACFA) was developed for
Hg0 removal. All experiment were acted in simulated flue gas. Through experiment we found the
Hg0 removal efficiency of the active coke formula
adsorbent could reach up to 65.3 % and it was better than active FRNH¶VLQWKH ZKROHDGVRUSWLRQSUR
cess. Inferred the active coke formula adsorbent had
CO and C=O functional groups by the FTIR chart
of before and after adsorption. Comparing the
XRD, it was deduced that the TiO2 crystals existed
in the form of anatase in the adsorbent, which may
be one of the reasons for the high activity of the
adsorbent. Partial flue gas components affecting
Hg0 removal efficiency (including O2, HCl, NO,
SO2) had been studied. Results showed that O2
could effectively promote Hg0 removal, when the
O2 content was 8%, the maximum removal efficiency was 70.8%; HCl and NO could effectively
promote the Hg0 removal efficiency, which could
reach up to 78% and 82% when added O 2; SO2
itself was not conducive to Hg0 oxidation, the efficiency was improved after adding O2, but the effect
was not very obvious.

KEYWORDS:
Hg0, Formula adsorbent, Flue gas component, Removal
efficiency

INTRODUCTION
Coal combustion releases mercury, mercury
will hurt the nervous system if it enters the human
body [1,2], it has high toxicity, volatility, persistence and bioaccumulation in the environment[3,4],
therefore, the emission of coal-fired mercury has
aroused people's attention.
During the combustion, mercury usually exists
as particle-bound atoms (Hgp), oxidized forms
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with a magnetic stirrer and then dried at an oven
temperature of 110Ԩ for 24 hours. Choosing
100~120 meshes samples and place them in the dry
container. The experimental sample was placed in a
10% (V2O5-WO3 / TiO2) SCR solution and stirred
for 24 hours, after filtration, it was dried at 110Ԩ
for 24 hours in an oven to obtain active coke formula adsorbent(ACFA), which was placed in a
desiccator and stored.
Using X-ray photoelectron spectroscopy to
analyze the X-ray fluorescence spectra (XRF) of the
activated coke formula adsorbent(ACFA) sample.
Then analyzed the measured spectra, because each
element had its characteristic electron binding energy and therefore it would have a corresponding
line feature, even if the adjacent elements of the
electronic binding energy would be different, and
which could be measured through spectrum line
element type and content, the test results were
shown in Table 1.

active coke formula adsorbent(ACFA) to remove
Hg0 in simulated flue gas.

MATERIALS AND METHODS

Experimental materials. The adsorbent was
active coke formula adsorbent. The preparation
method as followed[21]: 90ml toluene (analytically
pure), 3g Fe3O4 and 10ml 3-MPTS (excellent
grade)were mixed and stirred. The solid was separated with a magnet and washed two times with
deionized water, which mixed with 6g zeolite heating 2 hours at 300Ԩ, the dried mixture was pulverized to obtain magnetic zeolite (MagZ), then added
a certain amount of AgNO3 at 100Ԩ and filtered,
and dried at 110Ԩ for 12 hours and reduced at
400Ԩ for 1 hour to obtain magnetic silver-loaded
zeolite (MagZ-Ag0). Put MagZ-Ag0 and active
coke(the ratio was 1:3) into enough deionized water, the mixture was stirred at 400r/min for 1 hour
TABLE 1
The active coke formula adsorbent(ACFA) elemental analysis
Component

C

Content(%)

61.20

O

Al

Si

Ca

Fe

Cu

Ag

8.53

5.15

6.14

3.54

9.87

1.71

0.53

FIGURE 1
Schematic diagram of fixed-bed experimental system
TABLE 2
The simulated flue gas concentration
Working condition

N2

O2

1
2
3
4
5
6
7
8
9
10
11
12

Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas
Equilibrium gas

0
5%
20%
0
0
5%
0
0
5%
0
0
5%
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SO2
0
0
0
0
0
0
0
0
0
500ppm
1500ppm
1500ppm

NO

HCl

0
0
0
0
0
0
200ppm
400ppm
400ppm
0
0
0

0
0
0
10ppm
50ppm
50ppm
0
0
0
0
0
0
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was firstly conducted to examine any possible interaction between the flue gas components and Hg0.

Experimental setup. The experiment was
conducted in fixed-bed experimental system, as
shown in Figure 1, which was consisted of system,
mercury vapor generator, simulated flue gas system, mass flow control system, tail gas treatment
system, and so on.The active coke formula adsorbent(ACFA) was placed on a fixed bed, the adsorption temperature was 140Ԩ, the mixture was maintained by using a flow controller with a valve and a
mass flow controller, total flue gas flow rate was
3L/min, reactor outlet gas was detected online by
VM3000 mercury concentration detector, N2 was
used as the carrier gas to carry the elemental mercury vapor into the experimental system piping. the
tail gas adsorption tank was equipped with activated carbon.
Experimental conditions. Simulated flue gas
temperature was 140Ԩ, total flue gas flow rate was
3L/min, the nitrogen flow rate of mercury-carrying
was 0.03L/min, and the simulated flue gas concentration was shown in Table 2.

RESULTS AND DISCUSSION
Performance analysis of ACFA. Hg0
removal efficiency of ACFA and active coke.
Electing 0.5g ACFA and active coke as adsorbent,
simulated flue gas temperature was 140Ԩ, flue gas
flow rate was 3L/min and mercury inlet
FRQFHQWUDWLRQZDVDERXWȝJP3.
It was similar that the trend of the Hg0 removal curve of active coke and ACFA in pure N2 gas
stream. Within 90 min, the Hg0 removal efficiency
decreased with time. As could be seen from Figure
2. In this experiment, it was observed that the Hg0
removal efficiency of ACFA could reach 65.3%,
which was 16.8% higher than active coke. As could
also be seen from Figure 2, the Hg0 removal effiFLHQF\ RI $&)$ ZDV EHWWHU WKDQ DFWLYH FRNH¶V
throughout the adsorption process. It was worth
noting that ACFA reached 75% penetration rate, the
penetration time is about 75min, the penetration
time of activated coke was about 45min when it
reached 75% penetration rate, especially the penetration rate of ACFA was still 75% in 90mins, the
penetration time was also longer than activated
coke. The Hg0 removal efficiency of ACFA was
EHWWHUWKDQDFWLYHFRNH¶V WKURXJKRXWWKHDGVRUSWLRQ
process, the penetration time was also longer, this
might be due to the active ingredient and magnetic
activated coke silver loaded zeolite reacted to provide a certain amount of active sites for the active
coke, thereby improving the Hg0 removal efficiency, which indicated load SCR catalyst could promote the adsorption of Hg0 and prolong the breakthrough time of Hg0, the C-O and C=O had strong
oxidizing properties, the carbonyl also provided the
active site for Hg.

Definitions of removal efficiency and
breakthrough time. Through the fixed bed adsorption experiment, the measured concentrations of
Hg0 export changes with the time of the experimental, which could obtain the Hg0 removal efficiency under certain working conditions and the
breakthrough time, which could characterize the
Hg0 removal ability.
The mercury removal efficiency could be calculated by comparison between inlet and outlet
total mercury concentration as following equation:
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(1)

:KHUH  LV PHUFXU\ UHPRYDO HIILFLHQF\  
[Hg0]in and [Hg0]out stands for the inlet and outlet
concentration of mercury(Hg0 and Hg2+), respectively.
Before each test, blank test without adsorbent

FIGURE 2
Hg0 removal efficiency of ACFA and active coke
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were C=O stretching vibration peaks, the 2923cm-1
was the C-H stretching vibration peak, the consumption was large after adsorption reaction.

Fourier transform infrared spectroscopy
(FTIR) analysis. Fourier transform infrared spectrometer (FTIR) is designed according to the principle of coherence of the light, it is a kind of interferometric spectrometer, which is mainly composed
of light source(silicon carbide, high pressure mercury lamp), interferometer, detector, computer
components and recording system, most of the
Fourier transform infrared spectrometer using Michelson interferometer(Michelson), so the original
the spectra measured is the interferogram of the
light source, then through the computer to interferogram fast Fourier transform calculation, thus obtain the spectrogram with the function of wavelength or wave number, therefore, the spectrum is
called Fourier transform infrared spectroscopy, the
instrument is called the Fourier transform infrared
spectrometer.
By using Fourier transform infrared spectrometer (Nicolet 6700, spectral range: 7800~350cm-1,
noise-VLJQDO UDWLR UHVROXWLRQFP-1,
Thermo Fisher company, U.S.A), according to the
position, shape, intensity and number of absorption
peaks on the infrared absorption spectrum of the
adsorbent, it could be concluded that whether or not
there were some corresponding functional groups.
Figure 3 showed FTIR of the adsorbent before and
after mercury removal.
It could be seen from Figure 3 that the C-O
stretching vibration peak was at 1087cm-1 and
1091cm-1, the absorption peak was consumed large
after absorption. The 1385cm-1 and 1402cm-1 were
C-H bending vibration, the 1628cm-1 and 1633cm-1

XRD analysis. X ray diffraction analysis is an
indispensable means in the study of catalyst.The
application in catalysis research including: analysis
and development of the catalyst, the change of the
composition of the phases and the active components were analyzed during the application process.
It could be inferred the types of catalyst supports
and active components from the analysis of the
structure. Through the analysis of various stages of
the catalyst development process, to help understand the changes in process conditions on the
phase composition of the impact. Therefore, X ray
diffraction can be used to analyze the coexistence
of various phases. In this experiment, the phase of
the catalyst was analyzed by X ray diffraction. The
catalyst contained many substances, and it was a
system of coexistence of various phases.
By using X ray polycrystal diffractometer
(D/max-2550PC, Rigaku company, Japan)to analyze the active coke formula adsorbent( ACFA)
phase, as showed in Figure 4. The XRD patterns
before and after removing Hg0 were similar, the
characteristic diffraction peaks of anatase TiO2
appeared at 25.32°, 36.96°, 37.92°, 38.65°, 48.08°,
54.01°, 55.16°, 63.82°, 68.73°, 70.42°and 75.25°,
so it could be inferred that TiO2 crystal existed in
anatase form[22], which might also contribute to
the high activity of the SCR catalyst.

FIGURE 3
Comparison of FTIR before and after mercury removal
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(a)

(b)
FIGURE 4
XRD of ACFA before and after removing Hg0

FIGURE 5
Effect of different O2 content on Hg0 removal efficiency of ACFA

FIGURE 6
Effect of different HCl(g) content on Hg0 removal efficiency of ACFA
Effect of different gas compositions on Hg 0
removal efficiency. Effect of different O2 content
on Hg0 removal efficiency of ACFA. Electing 0.5g
active coke formula adsorbent (ACFA) as adsorbent, simulated flue gas temperature was 140Ԩ,
flue gas flow rate was 3L/min and mercury inlet
FRQFHQWUDWLRQZDVDERXWȝJP3.
It was observed that addition of O2 could effectively promote Hg0 removal. As can be seen
from Figure 5, when added 5% O2 to the pure N2

gas stream, increased the Hg0 removal efficiency
from 65.3% to 69%, the maximum Hg0 removal
efficiency was 70.8% when added 8% O 2. After
adding O2, ACFA still had a 68% transmittance at
100 min.
When added O2 to ACFA, the surface of the
ACFA had a higher oxygen concentration, O2 was
adsorbed on the active sites of ACFA to form carbon-oxygen complexes, while these carbon-oxygen
complexes were also catalysts, which promoted O 2
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which indicated that HCl had a strong promoting
effect on the Hg0 removal with the presence of O2.
HCl could promote the Hg0 oxidation in the
flue gas, which could be explained with the following theories: on the one hand, HCl was adsorbed by
the activated coke surface after entering the adsorption layer of ACFA and formed Cl, which reacted
with Hg0 to form HgCl and finally formed stable
HgCl2. This could be interpreted by the following
reaction equations[26]:
(2)
Cl+Hg0ĺ+J&O

Effect of different HCl(g) content on Hg0
removal efficiency of ACFA. Electing 0.5g active
coke formula adsorbent (ACFA) as adsorbent, simulated flue gas temperature was 140Ԩ, flue gas
flow rate was 3L/min and mercury inlet concentraWLRQZDVDERXWȝJP3.
Many researchers had found that HCl can
promote the Hg0 oxidation in the flue gas with the
presence of O2. HCl was one of the most important
components affecting Hg0 catalytic oxidation, and it
was also the main form of chlorine in flue gas of
coal-fired power plant [24,25]. As shown in Figure
6, the maximum Hg0 removal efficiency of ACFA
was 68% when only containing 10ppmHCl or
50ppmHCl, compared with the pure N2, the removal efficiency of Hg0 was not significantly improved.
The maximum removal efficiency of ACFA
reached 82% when added 10ppm HCl and 5%O2,
which was about 18% higher than that of pure N2,

+J&O&Oĺ+J&O2

(3)

Effect of different NO content on Hg0 removal efficiency of ACFA. Electing 0.5g active
coke formula adsorbent (ACFA) as adsorbent, simulated flue gas temperature was 140Ԩ   
 
   oncentraWLRQZDVDERXWȝJP3.

FIGURE 7
Effect of different NO content on Hg0 removal efficiency of ACFA

FIGURE 8
Effect of different SO2 content on Hg0 removal efficiency of ACFA
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CONCLUSIONS

According to Figure 7, when 200ppmNO was
added to the pure N2 gas stream, the Hg0 removal
efficiency increased from 65.3% to 67% and further
raised 70% with the concentration of NO increased
to 400ppm, this may be NO produced NO+, NO2and NO3- intermediates on the surface of ACFA and
these intermediates played an important role in Hg0
oxidation[27]. The efficiency could reach 78%
when the presence of 4% O2, which was 13% higher than that in pure N2 gas stream. This was because
NO and O2 reaction to produce NO2 and active O
atoms, NO2 was a strong oxidant, Hg0 with O and
NO2 reacted to produce HgO, and then generated
stable substances such as Hg(NO3)2, so Hg0 was
adsorbed.

A novel active coke formula adsorbent(ACFA) for Hg0 removal in simulated flue gas
was developed. The experiment was carried out in a
fixed bed experimental system. Using X-ray photoelectron spectroscopy to analyze the X-ray fluorescence spectra (XRF) of the active coke formula
adsorbent(ACFA) samples. The content elements of
the active coke formula adsorbent(ACFA) were: C
was 61.20%, O was 8.53%, Al was 5.15%, Si was
6.14%, Ca was 3.54%, Fe was 9.87%, Ag was
0.53%ˈCu was 1.71%. The Hg0 removal efficiency was better than active coke. Inferred the active
coke formula adsorbent had CO and C=O functional groups by the FTIR chart of before and after
adsorbent. By comparing the XRD chart, it was
deduced that the TiO2 crystals existed in the form of
anatase in the adsorbent, which may be one of the
reasons for the high activity of the adsorbent. When
adding different gas compositions, the Hg0 removal
efficiency changed, it was observed: (1) O2 could
effectively promote Hg0 removal, (2) HCl could
promote the Hg0 oxidation in the flue gas with the
presence of O2, (3) NO was a catalyst throughout
the reaction process, which promoted Hg0 oxidation
and improved the adsorption capacity of ACFA, (4)
SO2 itself was not conducive to Hg0 oxidation, but
it could promote the Hg0 removal efficiency with
the presence of O2 and the effect was not very obvious. This paper will provide the theoretical basis
and reference for the efficient Hg0 removal.

Effect of different SO2 content on Hg0 removal efficiency of ACFA. Electing 0.5g active
coke formula adsorbent (ACFA) as adsorbent, simulated flue gas temperature was 140Ԩ, flue gas
flow rate was 3L/min and mercury inlet concentraWLRQZDVDERXWȝJP3.
As shown in Figure 8, when 500ppmSO2 was
added to the pure N2 gas stream, the Hg0 removal
efficiency decreased from 65.3% to 64% and further reduced 63% with the concentration of SO2
increased to 1500ppm. The reason might be that
SO2 competed with Hg0 and occupied the active site
of the adsorbent surface, which inhibiting the removal of Hg0. As a result, mercury efficiency was
reduced. However, when added 5% O2, the maximum removal efficiency was 73%, which was 8%
higher than that in pure N2 gas stream. It was shown
that SO2 could promote the Hg0 removal efficiency
with the presence of O2, but its effect was not very
obvious.
SO2 itself was not conducive to Hg0 oxidation,
but it could promote the Hg0 removal efficiency
with the presence of O2 and the effect was not very
obvious. The study showed that the active coke
formula adsorbent(ACFA) reacted with SO2 to
produce a sulfur-containing functional group that
readily adsorbed elemental mercury[28]. Since Hg0
was oxidized to HgO by lattice oxygen, or Hg0 was
oxidized to HgSO4 by sulfur-containing functional
groups on the surface of the ACFA, and because
SO2 reacted with the ACFA reduced the competitive adsorption of SO2 and Hg0 on the surface active
site of the ACFA, which increased the removal
efficiency of Hg0 in the simulated flue gas by the
active coke formula adsorbent(ACFA), but the
effect was not very obvious. The reaction process
was as followed:
Hg+1/2O2ĺ+J2
(4)
(5)
Hg(ad)+S-2ĺ+J624(ad)
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ABSTRACT

INTRODUCTION

Precision agriculture requires efficient utilization of energy resources (inputs) that has been becoming one of the key research areas with high spirits to improve the crop production and farmer CropIncome successively. In this regard, few studies have
been conducted by analyzing the crop data of developed countries and still lacks compulsory research in
South Asia region (Pakistan, India) that is dire need
as the region is considered the leader of the wheat
production. This study was devoted to estimating the
energy efficiency (Inputs-outputs) and assessment of
the causes of wheat inefficiency and proposed solutions. A primary data of 200 wheat growing farmers
from Punjab, Pakistan was collected, assessed and
subsequently analyzed by most authenticated parametric and non-parametric tools. During the first
stage, a non-parametric approach (e.g., Data Envelopment Analysis, DEA) was effectively utilized that
submitted a significant difference between efficient
and non-efficient farmers mainly due to excess use
of fertilizers, biocides, and diesel fuel. Similarly, in
the second stage, the analysis was performed by using a parametric approach (e.g., Socioeconomic factors) and results suggested that education, farming
experience, and subsidies are statistically significant
and were greatly contributed in high Crop-Income.
Contrary, dependency burden departed high stress
which ultimately caused low crop Yield. We hope
that our study recommendations can be highly useful
to boost the wheat-Income in the region of South
Asia which could drastically enhance the economy
of the farmers.

Wheat, due to its high nutrition value and rapid
production is considered one of the important food
crop in many countries of the world, i.e., Pakistan,
India, Sri Lanka, Bangladesh, etc. Beside staple
food, wheat is a high demand that undergoes extensively secondary processing where it consequently
transformed into many attractive and high energy
products, e.g., bread, gluten, varieties of extracted
refined, oats, etc. Therefore, a dramatic increase in
world population has highly stressed the local governments to meet the high demand of wheat products
that are strongly dependent on its high and sustainable yield. On the other hand, the wheat productivity
of Pakistan is rapidly decreasing due to various constraints, e.g., poor agricultural technology, costly but
low-valued inputs, mismanagement of energy resources (inputs-On going) at field level (Unskillful
farmers, unexperienced extension experts) [1]. The
efficient use of farm inputs and energy is one of the
ways to increase wheat productivity, profitability,
and sustainability [2]. Basically, to accomplish the
crop production activity, two types of inputs are required at the field. The first type is related with
draught power required to perform different field operations from seedbed preparation to harvesting including transportation; and second is the substantial
material which is required for crop production such
as, seed, fertilizers, and chemicals. The energy associated with on-farm activities is known as direct energy, while energy related to off-farm activities like
manufacturing, packing, and transportation of production material such as fertilizers, chemicals, and
machinery are called indirect energy [3]. It means
that indirect energy is not directly utilized at the
farm. Therefore, estimation of energy (direct and indirect) for crop production is not an easy task, because of a massive number of factors involves in
crop production [4]. However, many studies have
been reported in the literature regarding the usage of
energy in crop production particularly, wheat [5±
10].

KEYWORDS:
Energy use efficiency, sustainability, parametric and nonparametric tools, wheat production, data envelopment
analysis
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Energy assessment consists of an input-output
analysis, that generally evaluates the energy efficiency based on the consequences of energy being
used in any given environment [7]. Energy efficiency, i.e., output to input ratio and specific energy,
i.e., energy inputs to yield ratio is the commonly
used indicators for the assessment of energy use efficiency of agriculture production systems [8]. Data
envelopment analysis approach has been used by
many researchers [2, 3, 11±13], LWV¶DQRQ-parametric
approach commonly used to measure the efficiency
of different entities.
The main aim of the study is to analyze the energy use efficiency of the wheat crop, this article particularly deals with three main objectives 1) to find
out energy used for the wheat production 2) energy
saving target and 3) factoring effecting on the energy
efficiency of wheat. The article is divided into four
main sections. The background and objectives of the
study have explained in the first section, the second
section relates with the research methods used to
deals with study objectives, the third section delineates the results and discussion and the last section relates with the conclusion and recommendations.

Fresenius Environmental Bulletin

the Punjab province was selected as a study area, because mainly, Wheat is being cultivated in this region and it roughly covers more than 50% of cropping area due to fertile and plain lands [14]. The
study sites include four prominent districts of Punjab,
i.e., Multan, Khanewal, Lodhran, and Bahawalnagar
(Figure 1).
Sites Selection and Data Collection from the
Farmers. The basic step in our study was to assess
the amount of energies used (Investment) and CropIncome (benefits) by wheat farmers, hence the collection of data from the farmers was very necessary
to fulfill the very basic objective of the research.
Multiple stages and realistic sampling technique
were designed to get the most accurate and useful
data. During the first stage, Punjab province was selected as the major data collection sites where wheat
was the dominant source of farmers productivity and
activities. In the second stage, Multan, Khanewal,
Lodhran, and Bahawalnagar (four wheats producing
districts) were selected as the target regions to collect
the data randomly. During the third and most important stage, each district was sub-divided into 50
sampling sites (each site represents one medium
farmer that was chosen on a random basis). Collectively, 200 farmers were live interviewed based on
the brief questionnaire which covers all queries regarding our objective, e.g., amount of inputs and output per unit area. Furthermore, the questionnaire was
crosschecked by interviewing the 20 more farmers in
that specific vicinity of the sampling site to avoid
possible data and human errors (the data was excluded if it matched to the target point).

MATERIALS AND METHODS
Selection of the Study Area. Pakistan is the
leader country in wheat production was selected as a
model to carry out the required research and complete the objective more accurately. Furthermore, to
avoid possible biases and keep uniformity in results,

FIGURE 1
The clear geographical information of the study area
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TABLE 1
Energy equivalent coefficients of inputs and output as produced from the published and recommended
methodology.
Number© Inputs-output
Energy equivalent (MJ per unit)
Ref.
1
Human labor
1.96
[2]
2
Seed (kg)
13
[2]
3
Fertilizer (kg)
Nitrogen (78.1), Phosphate (17.4)
[11]
4
Machinery (kg)
Tractor (138), Plow (180), Rotary Hoes (148), Thrashing (62.7)
[11]

5
Chemicals
Herbicide/Weedicide (Kg) 238
6
Diesel (L)
47.8
[11]
11.93
[11]
7
Electricity (Kwh)
8
Water (m3/ha)
1.02
[2]
10
Wheat Yield
13
[2]
© 1-9 are inputs, and 10 indicates outputs

Processing and Analysis of the Collected
Data. For the significance and great validation of the
study, the collected data were processed and analyzed with a combination of mainly two approaches
that in fact consists of series of modeled equations as
published in reputed journals and agreed by most of
the scientific community. In brief, during the first
step, the energy required (Energy Input) and energy
produced (Energy output: in term of wheat yield)
were calculated. For completion of this analysis,
Equation 2-5 were used. In the second step, the data
processed in step 1 was compared (each district energy balance was compared). In last and third step,
Socioeconomic factors were considered to elucidate
the energy inefficiency in respective districts. The
detail description of the two approaches is well explained in the following sections.

Where

M mach. u Eequ . u tmach.
Tl .

energy (MJ/ha), the

Eequ.

energy equivalent (MJ

mass of machine (kg),

tmach.

per unit),
time of machine consumed per unit
area (h/ha), the economic life of machine (h). Statistical software, i.e., Excel 2016 and SPSS 16 were
used to perform the statistical analysis and for the
accurate calculations of the energy (used for inputs
and output). Moreover, the total amount of input energy was conclusively calculated by adding up the
equivalence energies of all inputs. Finally, the energy efficiency (Overall score) of the production system (wheat) was evaluated by dividing output and
input energy equivalencies.
Moreover, energy use efficiency, specific energy, energy productivity and net energy gain were
assessed and equated in Equations. 2-5.

Determination of Energy Equivalencies. The
most profound factor, i.e., amounts of energy applied
in wheat production was collectively determined by
balancing the all inputs-energy to outputs-energy in
our designed methodology to conclude the exact efficiency devoted and gained for wheat production
(Equation 1-5). The scale of inputs and outputs was
calculated by deploying the concepts and principles
of energy equivalences (coefficient of energy equivalent, i.e., Mega Joule, MJ) and following the useful
derivation published in the previous literature (explained in respective equations). Energy equivalents
associated with all the inputs/outputs (e.g., labor,
diesel fuel, electricity, seed, fertilizer, chemicals and
wheat yield) except farm machinery were calculated
by direct multiplication with their corresponding energy equivalents (TABLE 1). To assess the energy
equivalency of farm machinery, following separate
and standard equation was used due to the additional
incorporation of machine mass and overall time consumed by the machine Equation 1.

M enr .

M enr . machine

EUK
Espec.
E prod .

Eng

EO
EI
EI
Y
Y
EI
EO  EI

Where

EUK

(2)

(3)

(4)
(5)
is energy use efficiency,

output energy (MJ/ha),

Espec.

E prod .

EI input

specific energy (MJ/kg),

EO

energy (MJ/ha),

Y

energy productivity (kg/MJ),
ergy gain (MJ/ha).

yield (kg),

Eng

net en-

A non-parametric approach (stage 1). During last few years, Data Envelopment Analysis
(DEA) has been extensively employed particularly
for the assessment of the energy efficiency and their

(1)
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is the index which represents the inefficiency level
for each DMUs with respect to energy use. It can be
calculated as follows (Equation 8)
ா௬௦௩௧௧
 ൌ 
(8)

comparison in the core chain of many industries/sectors. DEA is a nonparametric technique being applied in functional research and economics to adequately define the energy and production boundaries
(Optimization of energy-inputs) to achieve the
highest yield. It is also expended to quantify the
productive efficiency of highly desired decision
Units empirically. Principally, it is based on linear
programming, which measures the relative efficiency of different entities known as decisionmaking units (hereafter should be referred as DMUs).
The detail description of the DAE methodology is
well explained in the literature as explained by their
developers and many authors of the public research
[15, 16], therefore detail explanation have been excluded here. The DEA was first introduced by
Charnes, Cooper, and Rhodes (CCR) and characterized by well-known firm production function, i.e.
Constant Return to Scale (CRS). Furthermore, DEA
could be categorized as input oriented and output oriented. In input oriented analysis, a unit is made efficient by reducing the level of inputs while maintaining the level of output, while output oriented deals to
gain the increased level of output the with the same
level of inputs [17]. Input oriented analysis seems
more suitable for agriculture systems; a farmer has
more grip on inputs as compared to output [3]. So,
we considered input-oriented DEA approach for efficiency assessment. Simply can be expressed as
Equation 6.
ௐ
ߟ ൌ ೄೀ
(6)
ௐೄ

௧௨௬௨௧

The minimum amount of energy saving target
ratio is 0, so the value of ESTR will be between zero
and unity. A zero value of ESTR indicates the DMU
operated on the frontier such as efficient ones while
the values more than zero indicate the inefficient
DMUs. So, a higher ESTR value implies higher energy inefficiency and a higher energy saving amount.
In order to calculate the efficiencies of farmers and
discriminate between efficient and inefficient ones,
the Microsoft Excel spreadsheet and DEA solver
professional release 4.1 [18] were used.
A Parametric Approach (Stage 2). In order to
examine the effect ofIDUPHUV¶VSHFLILFFKDUDFWHULV
tics on DMUs efficiency, a second stage regression
model is employed. The choice of the simple regression model for the second stage of DEA analysis is a
common econometric problem. The standard linear
model is not appropriate to perform such analysis because there is a chance that the predicted values of
efficiency scores can lie outside the unit interval.
Moreover, the standard approach of using censored
normal regression techniques such as Tobit model
with limits at zero and unity is also questionable. Indeed, the accumulation of scores at unity is a natural
consequence of the DEA approach rather than the result of censoring. Furthermore, the domain of the Tobit model differs from that of DEA scores because
typically efficiency scores of zero are not observed
[19]. Given the bounded nature of DEA scores, Hoff
[20] and McDonald [21] considered the use of Papke
DQG :RROGULGJH¶V [22] fractional regression model
(FRM). The FRM requires the assumption of a functional form for conditional mean to predicted values
of efficiency scores (y) that impose the desired restrictions on the conditional mean of the dependent
variable, as follows:
ܧሺݕȀݔሻ ൌ ܩሺܺ݅߶ሻ
(9)
Papke and Wooldridge [22] suggest as possible
specifications for ܩሺܺ݅߶ሻ any cumulative distribution function, such as those commonly used to model
binary data. The most widely used functions are the
logit and probit functional forms However, there exist alternatives such as the loglog ܩሺܺ݅߶ሻ ൌ
ߙሺܺ݅߶ሻ Where, xi is the vector of independent variables which affect the efficiency. These are education, farming experience, subsidy and dependency
burden. The definition of these variables is given in
Table 4.

K

is efficiency, a weighted sum of outWhere
puts, a weighted sum of inputs. Consider

s1 , s2 ...........

are weights given to output

j
j
j
O
O
O
,
.........
1
2
N
n(n 1, 2..........N ) ;

n(n 1, 2..........N )
r1, r2 ........... are the weight given

are the amount of output
of
to

DMUj

;

input

m(m 1, 2..........M )

I1j , I 2j .........I Mj

;

are the amount of input

m(m 1, 2..........M ) to DMUj

, and

j

is the considered DMU. So, standard form equation
6 is given below,

K

s1O1J  s2O2J  .........  sN ONJ
r1I1J  r2 I 2J  .........  rM I MJ
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(7)

As DEA measure the ratio between weighted
output to weighted input, therefore DEA efficiency
score usually ranges from 0 to 1. And in relative efficiency analysis, DMUs with 1 efficiency score considered as efficient while all others are inefficient. If
a DMU is efficient, it means it is operating at most
productive scale size. In the analysis of efficient and
inefficient DMUs, energy saving target ratio (ESTR)
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that most labor used during seedbed preparation or
at harvesting time, however, nowadays most of the
farmers in Pakistan use tractors for seedbed preparation and threshers for wheat post harvesting [23, 24].
Conclusively, Optimum energy inputs can be applied to achieve the highest Income-Yield.
Furthermore, an assessment of energy use efficiency indices for the wheat crop are calculated (Table 2). The energy use efficiency is 1.70; technically
the inefficiency may be caused due to mismanagement of resources [25], if we compare it with optimum energy efficiency, our results depict that inputs
have been underutilized and found unproductive in
the study area. From the energy productivity ratio,
we found that for the production of one-kilogram
wheat 8.55 MJ energy is required, while the value of
specific energy is reported that 0.11 kilogram of
wheat is produced from one MJ of inputs. If we compare our results with a case of Iran [2], we found that
energy use efficiency and specific energy were
higher in Iran than Pakistan almost double in case of
energy use efficiency, while the energy productivity
is almost at the same level. The net energy gain has
also not touched to the frontier line because of the
misutilization of inputs. Perhaps, Pakistani farmers
are not well literature and experienced that they
could better utilize all the necessary inputs for the
crops production. Another reason for not reaching an
optimum level of productivity is that less or no available subsidies for inputs.

RESULTS AND DISCUSSIONS
Assessment of Input-Output Energy. The
proper assessment of energy employed and produced
during wheat production can give vital clues for better crop management and achievement of highincome yield. Therefore, first of all, we determined
the possible input-output energy values, and the results are pictorially presented in Figure 2. Keen observation to pictorial data suggested that the fertilizer
has been consumed a major fraction of the Energy
that actually does not adds many contributions in the
system of Crop-Income (14751.1 MJ/ha only utilized for fertilizers). This is totally opposite against
the published study that clearly predicted that extra
addition of the synthetic fertilizers not only consumed high cost but ultimately deteriorated the nutrients balance of the plant's growth. Similarly, diesel
fuel and electricity are at the second and third most
consumed energy inputs according to our study core
findings (FIGURE 2 and TABLE 2). Inefficient utilization of these inputs, additionally put an extra investment of farmers and even deteriorate the texture
and structure of the soil that consequently lowered
the Income-Yield. Therefore, the optimum energy
values can be employed to add an extra bonus to the
economy of the framers. On the other hand, the energy used for the machinery in wheat production is
much higher than the energy used for the labor because wheat is not labor-intensive crop. It is deemed

Labor21
0.6

Seed
1741.9
MJ/ha

Machinery
340.0
MJ/ha

Water
1932.5
MJ/ha

Diesel fuel
6338.3 MJ/ha

Electricity
3568.6 MJ/ha

Fertilizers
14751.1

Chemicals
903.8 MJ/ha

Wheat yield (3065.39 Kg/ha)
as output energy 45061.23 MJ/ha

FIGURE 2
A clear description of energy required during different phases of the wheat production collectively in
Pakistan (The data was collected from a diversity of the farmers, experts, and agriculturalist
uralist during
questionnaire)
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TABLE 2
Input-output energy ratio in wheat production
Items
Energy use efficiency
Specific energy
Energy productivity
Net energy gain

Unit
N/A
MJ/Kg
Kg/MJ
MJ/ha

Actual Quantity
1.70
8.55
0.11
18842.89

Optimum Quantity
1.81
8.19
0.13
19950.55

FIGURE 3
Energy efficiency score of four selected DMUs (Districts). Lodhran region has the highest efficiency due to
optimum Energy-Inputs, while Bahawalnagar has the lowest score due to wastage of many energy-Inputs
TABLE 3
The results of DEA tools: The optimum energy required to boost the wheat yield and energy saving
options that could be kept in mind during effective and precise crop management.
Inputs
Labor
Seed
Fertilizer
Machine
Chemicals
Diesel fuel
Electricity
Water

Optimum Energy Requirements (MJ/ha)
178.19
1494.42
12618.00
280.50
792.30
5369.06
2895.45
1482.76

Energy Saving (MJ/ha)
32.43
247.54
2133.09
59.58
111.53
969.20
673.14
449.72

ESTR (%)
15.40
14.21
14.46
17.52
21.34
15.29
18.86
23.27

e.g., input database for CCR model, fertilizer, diesel
fuel, and electricity was only selected (as input) and
yield as output. This is in line with the study of the
several authors who used DEA for the calculation of
the energy input efficiency in many crops production
[3, 26, 27] where they provided major contributors
as a model input. Hence, we utilized these ideas to
more explicitly use DEA to compute the relative efficiency of wheat growers in the four districts of the
study area (Lodhran (DMU1), Multan (DMU2), Bahawalnagar (DMU3) and Khanewal (DMU4)).
Technical efficiency of considered DMUs with their
respective ranking based on CCR results was presented in Figure 3. According to the depicted results,
DMU1 (Lodhran) and DMU3 (Bahawalnagar) were
found the efficient and most inefficient DMUs respectively. The reason behind the high difference is
that the farmers of Lodhran exhibit the higher level

Assessment of Sustainability and Technical
Efficiency by DEA. Sound and scientific approach
could only assure sustainable wheat production that
if applied properly would definitely help wheat
growers in differentiating good and bad farming
practices. This unique approach is integrated within
DEA that not only identify instability but proposes a
better and desired solution toward a smooth destination for sustainable agriculture. Therefore, for the
implementation of DEA, the data was collected from
the 200 sites and analyzed by the DAE with the integration of the input-oriented CCR model for the accurate assessment of technical efficiency. As discussed and concluded from the previous results (Figure 2 and Table 2), the major energy contributors in
wheat production are fertilizer, diesel, and electricity
(Collectively accounted 80.74%). Therefore, for further analysis, only these factors were considered,
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that the contribution of fertilizer and diesel fuel energy inputs from total saving energy in paddy production was 33% and 24%, respectively. MousaviAvval et al. [29] reported that the contribution of
electricity and seed energy inputs by 78.1% and
0.05% from total energy saving in soybean production was the highest and lowest. From the distribution of inputs used in wheat production, a handsome
amount of energy could be saved by the optimum use
of inputs. So the goal of sustainability could be
achieved by optimum use of inputs.
We also determined the estimated potential of
resource savings in each district as compared to
Lodhran. For example, efficiency score of DMU2
(Multan was 78.46 %, that means the same level of
output can be achieved with 78.46% of the resources
if the DMU is performing on the frontier. This implies that by raising the performance of DMU2 to the
highest level, a total of 21.54% of resources could be
saved. Similarly, there is a potential for resource savings i.e. 7.25% and 46.37 % respectively, if DMU4
and DMU3 were performed on the frontier. The possible resource saving potential in considered districts
have been demonstrated in Figure 5.

of technical efficiency than the others district farmers as they consumed extra energy inputs and
achieved comparatively low Income-Yield. Furthered, a close look on the acquired results have
shown an unproductive trend of technical efficiency
in the almost whole study area, that strongly indicates and suggest that farmers are not well-trained
and experienced about the application of appropriate
production techniques (especially suitable time, relevant wheat variety and optimum quantity of seed,
etc.). The optimum energy requirement and saving
energy of various farm inputs for wheat production
based on the results of CCR model are given in Table
3. Conclusively, DEA-CCR integration suggested
that the farmers should be very careful about the
above-described observation and can enhance their
wheat productivity by simply following optimum
energy requirements and energy saving options (Table 3).
DEA-CCR results revealed that the total optimum energy requirement for wheat production was
25110.68 MJ/ha. As mentioned, in the agricultural
production, a farmer has more control over inputs rather than output levels. The shares of the various resources from total input energy saving are presented
in Figure 4. Results revealed that the highest contribution to the total saving energy was 45.62 % for fertilizer followed by diesel fuel and electricity. The
shares of seed, human labor, machinery and biocides
energy inputs were relatively low, indicating that
they have been used in the right proportions by almost all the farmers. Chauhan et al. [28] reported

The Assessment of Socioeconomic Factors.
Finally, the parametric approach (socioeconomic
factors) was used to estimate the energy efficiency
to possibly elucidate the drawbacks and reason behind low and high wheat yield respectively (Table
4). Education, farming experience, dependency burden, and subsidies were selected as potential factors

FIGURE 4
Share of input energy saving for the wheat crop.

FIGURE 5
Energy saving potential for each DMU

TABLE 4
Estimation of log-log model parameters
Variables
Education (Number of years)
Experience (Number of years)
Dependency burden (Number of heads)
Subsidy (1= Availed; 0 = Otherwise)
Constant
R2

Coefficient
0.21*
0.03®
-0.017©
0.057@
0.14
0.52

Standard Error
0.12
0.01
0.003
0.02
0.65

Note. *, ®, © and @ represent the level of significance at 10, 5 and 1 percent respectively.
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grows under plant forests, on field edges, in
swamps, and in wet grasslands. This species is
distributed between 0-1100 m in damp meadows
and swamp areas. In Turkey, L. aestivum is observed in Istanbul, Kocaeli, Beysehir, Bursa, Bolu,
Konya, Erzurum and Samsun [1]. It is widely found
LQWKHSODFHVRI6DPVXQDQG%H\úHKLU,QWKHZRUOG
it is distributed in Ireland, England, the Netherlands, Czechoslovakia, the Caucasus, North and
Northwest Iran.
It contains galanthamine, lycorine, haemanthamine and homolycorine type alkaloids in its
bulbs and leaves [2, 3, 4]. Therefore, it is very important economically. Galanthamine alkaloid is
used in the treatment of malfunctioning caused by
poliomyelitis and in the treatment of Alzheimer's
disease, which both affect the nervous system [5,
6]. Other substances (such as lectins and chelidonic
acid) have multifaceted pharmacological effects [7,
8].The ethanol obtained from the plant is effective
on viruses [9]. Due to its beautiful flowers, it is
used in landscape arrangements, rock gardens,
natural and artificial lakes, pools and damp areas,
borders with trees and shrubs [10, 11]. Moreover, in
the North of Turkey, the plant is also used as ornamental plants. It is widely exported abroad due to
the present of considerable amount of alkaloid,
especially in its bulbs, and the usage as ornamental
plants. So, it is stated that the risk of extinction will
be faced unless the use and export of this plant is
brought under control [12]. This species is a genophyte which is in danger and has an economic value
in Turkey.
Recently, scientists have been doing many researches about obtaining galanthamine alkaloids
from these plants by producing L. aestivum in vitro
[13]. Studies on the biological activities of alkaloids
in other species belonging to the family Amaryllidaceae and L. aestivum have also been carried out
[14,15].
In recent years, plant-based biologically active
chemical compounds have become an important
topic of debate. In the history of development of
pharmaceutical compounds, plant has been considered as a key factor in imitation of nature and isolation of medicine materials. The research to date has

ABSTRACT
The aim of this study was evaluation of invitro antioxidant and antimicrobial activities of
Leucojum aestivum extracts, and determination of
the total phenolic compounds of Leucojum aestivum
by reverse-phase high-performance liquid chromatography. Leucojum aestivum is known as summer
snowflake. It is the only single species of Leucojum
genus in Turkey. This species contains various
alkaloids in the bulbs and has beautiful flowers.
Therefore, it is used as ornamental and economic
plant in Turkey and in many parts of the world.
This species is categorized in the group of medicinal, aromatic and ornamental plants in Turkey. We
prepared extracts of below- and above-ground parts
of the plant with three solvents, namely ethanol,
methanol, and hexane, to analyze its potential as a
medicinal plant. Ethanolic and methanolic extracts
of Leucojum aestivum have been found to demonstrate antioxidant and antimicrobial activities
against Gram-positive and Gram-negative bacteria,
and yeast. In conclusion, the high phenolic and
flavonoid content of the extract exhibits high antioxidant activity, and antimicrobial activity results
are associated with DNA interaction.

KEYWORDS:
Leucojum aestivum, in-vitro antioxidant, DPPH radical
scavenging activity, total flavonoid content, in-vitro
antimicrobial; DNA interaction.

INTRODUCTION
Leucojum aestivum L. belonging to the family
Amaryllidaceae is a bulbous plant and 30-60 cm in
length. L. aestivum is known as summer snowflake.
It blooms in March and June. The species usually
has 1-5 flowers and these flowers are bell-shaped.
There are 10 species of Leucojum L. genus in the
world. Only the L. aestivum species of this genus
naturally grows in Turkey. This species is colloquially known as bell flower, sarcophagus, hyacinthus,
lake bulb, lake daffodil and cauldron. It usually
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common antioxidant with healthy effects [19], and
interesting other properties such as radioprotecting
ability [20]. Among several flavonoids, catechin
and quercetin have the most potent hepatoprotective
activities as far as is known [21]. Studies have revealed that it is not just antioxidant that acts on
prevention of cancers. Quercetin is obtained from
onions and apples as major sources of the flavonol
which has inverse relation with prostate, lung,
stomach, and breast cancers [22]. Flavonoids were
analyzed through high-performance liquid chromatography via diode array detection. Quercetin, gallic
acid and catechin were identified in this plant by
our group.
The 250 x 4,6 mm i.d., 5μm column used was
filled with C18 in the Shimadzu Prominence Modular LC20A HPLC system. The flow rate and injection volume were 1 ml/min, and 50 μl, respectively.
Two solvents, namely formic acid-water (%0.1) and
methanol were used for gradient elution. The plant
extracts were filtered by a 0.45-μm pour size membrane filter. The amount of phenolic compounds in
the L. aestivum extracts were calculated as μg/l
using external calibration curves. Figure 1 shows
standard mix compound analysis of this method.
Standard phenolic compounds were found as follows; tR = 15.7 min for gallic acid, tR = 35.2 min for
catechin, and tR = 53.3 min for quercetin, measured
with UV-DAD detector at 280 nm.

been headed for secondary metabolites such as
flavonoids, phenolics as widely used biologically
active metabolites. Most studies in L. aestivum have
only been carried out in a small number of specific
areas offering galanthamine as its positive effects
RQ WKH WUHDWPHQW RI $O]KHLPHU¶V GLVHDVH LQ ORQJterm. So far, no research has been found antimicrobial and antioxidant activities of L. aestivum extracts, and determination of chemical compositions.
The main goal addressed in this paper is related to
biological activities of these extracts, which include
antioxidant and antimicrobial properties, DNA
interactions, and identification of chemical
compositions by HPLC.

MATERIALS AND METHODS
Plant Materials. The materials of L. aestivum
were collected from their habitat during the flowering period in May 2014. The localities of plant
samples collected are listed below.
*A6 Samsun-øQFHVX PHDGRZDUHDVDWP
on 15 May 2014, Kandemir, 670.
*A6 Samsun-dDNÕUODU:RRGODQGDWPRQ
15 May 2014, Kandemir, 671.
Taxonomic description of the species was
made according to Davis (1984). The bulbs were
cleaned and kept in a dark and cool place. The below-ground (bulb and root) and above-ground parts
(scape, leaf, flower, fruit and seed) of plant samples
were cleaned, cut into pieces and dried on the
benches at room temperature and in shadow. Dried
plant samples were stored in cloth bags until grinding. Then, dried samples were grinded in the mill
with a 2-mm sieve and speed of 500 rpm.
Extraction. Air dried below- and aboveground parts of L. aestivum were extracted with
methanol, ethanol, and hexane through the use of
soxhlet apparatus at boiling point for two times.
The organic solvents were evaporated and the residue was dissolved for further antioxidant and antimicrobial activities, and HPLC analyses. We obtained six extracts; below-ground methanol (1),
ethanol (2), hexane (3); above-ground methanol (4),
ethanol (5), hexane (6).

FIGURE 1
Chromatographic profile of the standards used
in gradient elution.
Evaluation of Antioxidant Activity. The relationship between free radicals and the pathogenesis of many diseases including cancer, arthritis,
atherosclerosis, Alzheimer's disease, and diabetes
has been widely investigated as the radicals promote oxidative damage [23]. A number of studies
have found that the antioxidant effect of secondary
metabolite of phytochemicals has important role
due to their phenolic compounds such as flavonoids, phenolic acids, and tannins [24].

Determination of Flavonoids by High Performance Liquid Chromatography (HPLC): The
issue of flavonoids and phenolic compounds has
recently become controversial in terms of determination way and pharmaceutical properties. Flavonoids which are secondary metabolite of plants
have been reported as antioxidant, antibacterial,
antimutagen, cytotoxic and anticancer [16, 17].
The phenolic compounds are one of the most
widely used groups having antioxidant activity [18].
3,4,5-trihydroxy benzoic acid known as Gallic acid
is a naturally occurring polyphenol which is a

Free Radical Scavenging Activity. The free
radical scavenging activity was determined with
1,1-diphenyl-2-picryl-K\GUD]\O '33+  XVLQJ
spectrophotometric methods of Brand-Williams and
co-workers [25]. Different concentrations of plant
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material weUH SUHSDUHGDQGௗP/RIWKLVH[WUDFW
was added into ௗP/RIௗPJ/'33+VROXWLRQ
in methanol, and this solution was added into butylated hydroxyanisole (BHA), Ascorbic acid (AC)
and Resorcinol (R) (100±ௗȝJP/  The absorbance of the mixture was mHDVXUHG DW ௗQP DIWHU
NHSWDWGDUNIRUௗPLQDWURRPWHPSHUDWXUH:DWHU
ௗP/ LQSODFHRIWKH VDPSOH ZDVXVHGDVFRQ
trol. The percent inhibition activity was calculated
using the following equation:
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calibration curve. The results were expressed as mg
gallic acid/g extracts. Each assay was carried out in
triplicate.
Estimation of Total Flavonoid Content. Total flavonoid content was determined with quercetin
standard solution using methods of Park et al [29].
0.3 mL of plant extract was introduced into test
tubes followed by the addition of 3,4 mL 30%
methanol, 0.15 mL of 0,5M NaNO2 and 0,3 M
AlCl3 reagents. After 5 min, 1 mL of 1M NaOH
was added and the absorbance was measured at 506
nm with a spectrophotometer and compared to a
quercetin calibration curve. The total flavonoids
were described as mg of quercetin equivalents per g
of dried fraction. Each assay was carried out in
triplicate.

Free radical scavenging effect %= [(AcAs)/Ac].100 (Ac= the control absorbance and As=
the sample solution absorbance).
Reducing Activity. The Oyaizu method [26]
was used for measurements of reducing activity of
L. aestivum extracts . Various concentrations of the
H[WUDFW ȝJ  LQ ௗP/ RI GLVWLOOHG ZDWHr were mixed
with 2.5 mL ௗ0 SKRVSKDWH EXIIHU S+   DQG
2.5 mL potassium ferricyanide [K3Fe(CN)6] (1%,
w/v), and the mixture was incubated at 50°C for
ௗPLQ $IWHUZDUGV ௗP/ RI WULFKORURDFHWLF DFLG
(10%, w/v) was added into the mixture and centrifXJHG DW ௗUSP IRU ௗPLQ )LQDOO\ ௗP/ RI
upper-OD\HU VROXWLRQ ZDV PL[HG ZLWK ௗP/ GLV
WLOOHG ZDWHU DQG ௗP/ )H&O3(0.1%, w/v), and the
DEVRUEDQFHZDVPHDVXUHGDWௗQP

Antimicrobial Assay. The antimicrobial activities were tested against standard bacterial strains
of Gram-positive (Staphylococcus aureus ATCC
25923, Bacillus cereus ATCC 7064) and Gramnegative bacteria (Escherichia coli W3110, Salmonella typhimurium LT2), and one yeast (Candida
albicans ATCC 10231) by using minimal inhibitory
concentration (MIC) method [30]. The extracts
were dissolved in DMSO at a proper concentration.
For broth dilution method, cultures were grown in 5
mL nutrient broth (Merck) at 37°C for 18 h via
shaking at 175 rpm. Bacterial and yeast cells were
suspended in 50 mL nutrient broth at a concentration of approximately 106 cells/mL by matching
with 0.5 McFarland turbidity standards [31]. Nutrient broth containing microorganisms (1 mL) was
transferred in test tubes, and two-fold serial dilution
was carried out after the addition of complexes;
eventually the ranges were narrowed to define more
exact values. All the test cultures were grown at 37
°C for 24 h. Minimum inhibitory concentration, at
which no growth was observed, was taken as the
MIC value (μg/mL), and represents the mean of at
least three determinations. All the extracts and the
solvents used were also tested for antimicrobial
activity.

Metal Chelating Activity. The chelating activity of the extract on ferrous ions (Fe2+) was
measured according to the method of Decker and
Welch in 1990 [27]1-mL aliquots of different conFHQWUDWLRQV DQGௗȝJP/ RI
H[WUDFWV ZHUH PL[HG ZLWK ௗP/ RI GHLRQL]HG ZD
ter. The mixture was incubated with FeCl2 ௗP0
ௗP/  IRU ௗPLQ $IWHU LQFXEDWLRQ WKH UHDFWLRQ
was initiated by addition of ferrozine
ௗP0,ௗP/ IRUௗPLQDWURRPWHPSHUDWXUHDQG
WKHQ WKH DEVRUEDQFH ZDV PHDVXUHG DW ௗQP $
lower absorbance indicates a higher chelating power. The chelating activity of the extract on Fe2+ was
compared with that of EDTA at the same concentrations.
Metal chelating activity (%) = [(AcAs)/Ac].100 (Ac= the control absorbance and As=
the sample solution absorbance).

DNA Interaction. 0.75 μg of 1 and 10 mg/mL
plant extracts in DMSO were used to treat 0.25
mg/mL supercoiled pBR322 DNA (0.25 μL) for the
experiments on agarose gel-electrophoresis [32].
After incubation at 37 °C for 2 h, 0.5 μL of loading
buffer (0.25% bromophenol blue, 0.25% xylene
cyanol, 30% glycerol in H2O) was added into each
tube, and this solution was loaded on 0.8% agarose
gel. The electrophoresis was carried out for 80 min
at 80 V in TBE buffer (89 mMTris-borate, pH 8.3,
2.5 mM EDTA). Ethidium bromide (1 mg/mL) was
used to stain gels for 15 min and their photographs
were taken under UV light.

Estimation of Total Phenolic Content. FolinCiocalteu reagent with the method reported by
Slinkard and Singleton [28] was used to determine
total phenolic content, depending on gallic acid. 1
mL of plant extract was introduced into test tubes
followed by the addition of 1 mL Folin-&LRFDOWHX¶V
reagent. The solution was then kept at dark at room
temperature for 5 min and then 3 mL of sodium
carbonate (2%) was added. The tubes were covered
with parafilm and kept again in the dark for 1 h and
the absorbance was measured at 765 nm with a
spectrophotometer and compared to a gallic acid

6706

© by PSP

Volume 27 ± No. 10/2018 pages 6704-6710

the below-ground of L. aestivum (3) revealed the
presence of gallic acid and catechin, only catechin
was found in above-ground part of hexane extracts;
however they were under determination limit (6).

TABLE 1
HPLC results of the extracts in terms of gallic,
catechine and quercetin amounts
Entry
R2
tR
1 Concentration
2 Concentration
4 Concentration
5 Concentration
3 and 6

Gallic Acid
0.9933
15.79±0.8
6.936
0.258
0.241
ND
ND

Catechin
0.9945
35.21±0.6
9.921
10.113
8.063
4.605
ND

Fresenius Environmental Bulletin

Quercetin
0.9875
53.35±0.7
0.682
ND
0.871
ND
ND

Evaluation of Biological Activity. The
different concentrations (100±ௗȝJP/  RI /
aestivum extracts showed quite high free radical
scavenging activity. The results of six extracts are
shown in Figure 2(c). Scavenging activities of
BHA, Asc, and Resorcinol standards were higher
than that of L. aestivum extracts. However, the
ethanol extract of above-ground plant material 5
was more reactive than other extracts of the plant.
Methanol extract of below-ground part of the plant
material numbered as 1 which was showed the
highest radical scavenging activity than other plant
materials. However, hexane extract 3 and 6 of L.
aestivum did not have strong activity. Values of
[IC]50, which is the concentration of antioxidant
required to reduce the free radical DPPH about
50%, were calculated as 317, 169, 167, 345, 144,
and 442 ȝJP/ for 1, 2, 3, 4, 5 and 6, respectively.

1

ND: Not detected.

RESULTS AND DISCUSSION
Determination of Flavonoids by High
Performance Liquid Chromotography. The
HPLC chromatogram of methanolic extracts (1, 4)
and ethanolic extracts (2, 5) of L. aestivum showed
the presence of gallic acid, catechin and quercetin
as presented in Table 1. The most striking result
was the detection of high concentration of gallic
acid in extract number 1, catechin in extract number
2 and quercetin in 4. While the hexane extract of

FIGURE 2
Antioxidant activity of L. aestivum extracts and standards via (a) Reducing Activity (b) Metal Chelating
Activity; (c). DPPH Radical Scavenging
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solvent system. The results of Folin method support
this knowledge. While the highest value of total
phenolic content was in ethanolic extract 5, methanolic extract 1 had higher content of total flavonoid than others, except 5.
The antimicrobial properties of L. aestivum
extracts are presented in Table 3. All extracts displayed good inhibitory effects on Bacillus cereus,
except 6. On the other hand, all extracts did not
exhibit significant effect on another gram positive
bacteria Staphylococcus aureus. The most sensitive
extract was 2 which was effective against four bacteria including Escherichia coli, Salmonella typhimurium, Bacillus cereus, and Candida albicans. It
seems that below-ground parts of plant extracts
were generally more reactive than above-ground
part.
The DNA interaction results are presented in
Figure 3. DMSO is negative control and any interaction of pBR322 plasmid DNA is considered as
positive control. Hexane extracts 3 and 6 had no
clear effects, but ethanol and methanol interactions
displayed good results. Thus, extract 2 had the
highest effect than others, which was parallel with
the results of MIC study. Figure 4a shows the results of methanol extracts below- and above-ground
plant material, and above-ground extract 4 had
more interaction than 1, depending on the largest
band. When ethanol extracts of 2 and 5 were compared, highly significant DNA interaction was observed at extract 2.

Reducing activity of all samples followed the
order: 2 > 1 > 5 > 4. On the other hand; both parts
of the plant hexane extracts were showed moderate
reactivity in Figure 2(a). When we collected reduction activity data, we needed to try different concentrations of the extracts to see more clear and
accurate results. The 4 extracts were shown the
highest activity than the other extracts in terms of
metal chealating activity. EDTA was used as a
positive standard. Determination of metal chealating activity of the extracts depends on concentration; the highest concentrations of all extracts exhibited the highest potential. However, both hexane
extracts 3 and 6 were shown moderate activity in
Figure 2(b).
TABLE 2
Total phenolic and flavonoid content of the
extracts.
Extract
Total Phenolics Total Flavonoid
Type
(GAE (mg)/g)
(QE (mg)/g)
1
58,92
85
2
48,92
71,6
3
12,50
18,33
4
53,93
68,33
5
59,64
ND
6
18,2
55
Plant extraction methodology generally uses
hexane for separation of terpenes, terpenoids, and
small alkaloids. When we select phenolic and flavonoid content, we need to use polar and protic

TABLE 3
Minimal inhibitory concentration (MIC) values of the extracts against wild-type
microorganisms (μg /mL-1).
MIC values/μg/ml
Escherichia coli-W3110
Salmonella typhimurium-LT-2
Staphylococcus aureus- ATCC2 5923
Bacillus cereus-ATCC 7064
Candida albicans- ATCC 10231

1
1000
250
1000
250
1000

2

3

4

5

6

DMSO

250
250
1000
250
250

2000
1000
1000
250
250

1000
250
1000
250
250

250
1000
1000
250
250

250
1000
1000
2000
250

4000
4000
4000
4000
4000

FIGURE 3
Agarose gel electrophoresis diagram based on the interaction of pBR322 plasmid DNA between: (a)
MeOH extracts (1, 4); (b) EtOH extracts (2, 5); (c) HXN extracts (3, 6).
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[4] Georgieva, L., Berkov, S., Kondakova, V.,
Bastida, J., Viladomat, F., Atanassov, A. and
Carles Codina, C. (2007). Alkaloid Variability
in Leucojum aestivum from Wild Populations.
Z. Naturforsch. 62 627-635.
[5] Baytop,T. (1984). Therapy with plant in TurNH\øVWDQEXO8QLYHUVLW\3XEOLFDWLRQøVWDnbul.
[6] Heinrich, M. and Teoh, H.L. (2004).
Galanthamine from snowdrop the development
RI D PRGHUQ GUXJ DJDLQVW $O]KHLPHU¶V GLVHDVH
from local Caucasian knowledge. Journal of
Ethnopharmacology, 92 (2/3), 147-162.
[7] Shen, Z.W., Fisinger, U., Poulev, A., Eisenreich, W., Werner, I., Pleiner, E., Bacher, A.
and Zenk, M.H. (2001). Tracer studies with
13C-labeled carbohydrates in cultured plant
cells. Retrobiosynthetic analysis of chelidonic
acid biosynthesis . Phytochemistry. 57 (1), 3342.
[8] Berkov, S.(2005). CGC-MS of alkaloids in
Leucojum aestivum plants and their in vitro
cultures. Phytochemical analysis : PCA, 16 (2),
98-103.
[9] Hudson, J.B., Lee M.K., Sener B. and
Erdemoglu, N. (2000). Antiviral activities in
extracts of Turkish medicinal plants. Pharmaceutical Biology, 38, 171-175.
[10] Aksu, E., Görür, G. and Çelikel F.G. (2001).
Investigation of Replication Facilities with
Vegetable Methods of Lake Bulb (Leucojum
aestivum). Central Research Institute, Scientific
Research and Investigations Publication Number: 150, Yalova.
[11] =HQFLUNÕUDQ 0   Geophytes 8OXGD÷
Rotary Association Publications, Bursa.
[12] Ekim, T., Koyuncu, M., Güner, A., Erik, S.,
<ÕOGÕ]%YH9XUDO0  7D[RQRPLFDQG
ecological investigations on geophytes
economic value bearing of Turkey. TC
Ministry of Agriculture, Forestry and Rural
Affairs,
Forest
General
Directorate,
Administration and Marketing Department,
Order number: 669, Serial number: 65, Ankara,
111 pp.
[13] Georgieva, V., Luanov, I., Berlcour. S., Iliema,
M., Georgiev. M., Gocheva. T., Pavlov, A.
(2012). Galathamine production by L. aestivum
L. shoot culture in a modified bubble column
bioreaktor with internal sections. Engineering
in life Sciences. 12(15),534-343.
[14] 2UKDQ , ùHQHU %   %L\RDNWLYLW\Directed Fraktionotron of Alkoloids from Some Amaryllidaceae Plants and Their Anticholinesterase Activity. Chemistry of Natural Compounds. 39(4), 383-386

CONCLUSIONS
In conclusion, our results showed that the extracts 2 and 5 of L. aestivum had better IC values
than other extracts. Metal chelating activity was
moderate in hexane extracts. Though, ethanol and
methanol extracts were more successful in terms of
metal chelating activity than others. Antioxidant
activities were controlled by solvent polarity and
plant part. The HPLC method via detected diode
array was developed for the quantitative determination of gallic acid, catechin and quercetin in six
different extracts (1, 2, 3, 4, 5, 6) of L. aestivum.
HPLC and total phenolic- flavonoid content results
were correlated with antioxidant activity results.
Ethanol and methanol extracts have great potential
for antimicrobial effects against microorganisms.
They may be used in anti-inflammatory compound
design. Another important detail is MIC results
which are quite related with DNA interaction results. When L. aestivum is collected during flowering period, the extracts of below-ground plant parts
have more biological activity than above ground
parts. Some secondary metabolites often occur in
plants under stress condition. At flowering period
of L. aestivum, ethanol extracts of below-ground
plant parts contain more secondary metabolites than
others. Finally, the biological activity of ethanol
extracts of below-ground L. aestivum parts is higher
than others, depending on synergistic effects of
flavonoid/phenolic content and amount.
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APPLYING THE RESPONSE SURFACE METHOD TO
OPTIMIZE THE REMOVAL OF LEAD AND COBALT FROM
AQUATIC ENVIRONMENTS USING
ELECTROCOAGULATION
Marziyeh Teymoori1, Reza Ghanbari2, Hamzeh Ali Jamali1,2,*
1

Department of Environmental Health Engineering, School of Public Health, Qazvin University of Medical Sciences, Qazvin, Iran
2
Social Determinants of Health Research Center, Qazvin University of Medical Sciences, Qazvin, Iran

through discharge of non-treated industrial
wastewaters including plating, textile, mining, battery manufacturing, construction, and automotive
manufacturing [3]. This metal causes high toxicity in
the human body through damaging the nervous system, genital tract, and blood circulation system [4].
A trace amount of cobalt is necessary for humans and
other animals to live. This metal is also used in electronic, electroplating, pigments production, metal
melting, and petrochemical industries. However, at
high concentrations, cobalt causes various problems
such as asthma, allergy, and cardiac, liver, and thyroid problems [5, 6].
So far, various methods have been proposed for
reducing contaminant toxic metals from wastewater.
These methods include sequestration, ion exchange,
biological absorption,
membrane
filtration,
coagulation and flocculation, floating, and electrocoagulation [7-9].
Physical removal methods such as ion exchange, reverse osmosis, and electrodialysis are very
expensive and inefficient. In addition, chemical
treatment methods are inefficient due to reasons such
as high maintenance and operation costs, neutralization-related problems, as well as sludge transmission
and elimination [10, 11].
The electrocoagulation process includes the use
of two groups of anode and cathode electrodes floating in wastewater. In this process, the production of
metal hydroxide flocs (metal hydroxide flocculation)
in wastewater is carried out using degradable anodes
(commonly iron or aluminum) [12]. As a result of
electrochemical oxidation during this process, iron
or aluminum cations and hydrogen are produced in
the anode and cathode, respectively [13].
Following the establishment and execution of
stringent environmental regulations on wastewater
discharge into the environment in many countries,
the electrocoagulation technology has been highly
regarded in the past two decades [14]. Due to the
simplicity of maintenance and operation and the lack
of need for chemicals, the electrocoagulation process
has attracted extensive attention. The advantage of
this method, compared to the use of coagulants, is its
high capability for the effective removal of even the

ABSTRACT
An experimental study was conducted in a
batch reactor with Al electrodes; the impacts of five
operational variables on the removal of Pb and Co
from aquatic environments and optimizing them in
electrocoagulation process was investigated. RSM
and CCD were utilized to design the experiments,
determine the effects of variables on the removal of
these metals and developing the model. Results
showed that quadratic equation is an appropriate
model for predicting the removal of metals. The optimal removal efficiency of Pb at the pH of 8.5,
current density of 2.57 mA/cm2, initial Pb density of
76 mg/L, reaction time of 50 min, and electrode distance of 1.02 cm was 99.9%. Meanwhile, the optimal
removal efficiency of Co at the pH of 8.77, current
density of 2.98 mA/cm2, initial Co density of 31
mg/L, reaction time of 45.4 min, and electrode distance of 0.84 cm was 100%. Moreover, R2 and
Adj.R2 were (0.98 and 0.94) and (0.86 and 0.76) for
Pb and Co, respectively, indicating the good fitness
of the data to the quadratic equation. Electrocoagulation can effectively remove both metals from
aquatic environments, and RSM is an appropriate
tool for experimental design and evaluation of variables in the metal removal.
KEYWORDS:
Electrocoagulation, heavy metals, removal, aquatic environment, RSM (response surface method), central composite design (CCD), Al electrode

INTRODUCTION
Increased industrial activities have led to the
discharge of heavy metals into the environment,
which is considered as a serious threat to public
health and environment [1]. Ions of the heavy metals
discharged into water resources are non-biodegradable and, consequently, capable of remaining in natural ecosystems for a long time and accumulating in
the food chain as well as living tissues [2]. Lead is a
toxic metal which contaminates the environment
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Germany.
At each run, the wastewater pH was first adjusted using sodium hydroxide and nitric acid 0.1N;
then, the prepared wastewater sample was
transferred to the reactor. In order to increase electrical conductivity, 2 mg of NaCl was added to reactor
contents before the onset of the process; then, the
electrodes were connected to the power supply and a
magnetic mixer mixed reactor contents.

smallest colloidal particles [12].
The objective of the present study was to evaluate the effects of five variables of pH, current density, initial metal concentration, reaction time, and
electrode distance, on the removal of Pb and Co using electrocoagulation, and optimize the operational
variables of the process in removing these two heavy
metals. In this study, Al electrodes were employed
since a lower oxidation potential was required [15].
In classic studies, the one-factor-at-a-time
method was used for designing the experiments and
optimizing the variables. In this method, the variables are kept constant, only one variable is changed
in each experiment, and its effect on the process is
investigated. This method is time-consuming and
needs many chemicals; besides, it is unable to perceive and analyze the interaction effects of variables
and is associated with high levels of experimental errors [16]. Therefore, it is interesting for researchers
to use methods that not only reduce the number of
tests and the experimental errors but also analyze the
interaction effects of the process variables. The limitations of the one-factor-at-a-time method can be
overcome by using statistical techniques such as response surface methodology (RSM) [17]. Generally,
there is a consensus that RSM is a powerful statistical tool which can be utilized to model and optimize
various process variables. The diagrams obtained
from RSM can help achieving a better perception of
the relationships between process variables as well
as their effects on the responses [18]. In the present
study, central composite design (CCD) which is one
of the subsets of RSM was employed in order to design the experiments.

1- Aluminum Plate electrodes
2- Magnetic Bar
3- Sacrificial Anode
4- Magnetic Stirrer
5- DC Power Supply
6- Anode
7- Cathode
FIGURE 1
A diagram of the electrocoagulation reactor

MATERIALS AND METHODS

In order to investigate the progress of the removal process of the studied heavy metals, sampling
was performed at a depth of multiple centimeters
above the wastewater inside the reactor using a bubbled pipette at certain times specified while designing the experiments. The samples were kept inside
the sampling glass container until the time of reading
the concentration of heavy metals. The
concentrations of the metals remaining in the
samples were read by a spectrophotometer after filtering. The removal efficiency of the metals was calculated using Equation (1).

The present experimental study was conducted
in a plexiglass cuboidal batch reactor with the dimensions of 12*16*25 cm. The wastewater used in
this study was prepared synthetically by solving lead
(Pb(NO3)2) and cobalt (CoCl2.6H2O) salts in distilled
water. The concentration of the reserve solution
prepared in this phase was 1000 mg/L. Then, during
the experiment phases, wastewater samples were
prepared with the required concentrations by diluting
a certain volume of the reserve solution.
A total of 6 Al electrodes with the dimensions
of 21.5*9*0.1 cm and effective surface area of 810
cm2 were used in this study. The electrodes were
connected to the power supply in a monopolar mode.
The distance between the electrodes in the experiments was set at 0.2, 0.6, 0.9, 1.2, and 1.6 cm.
The pH was set using a Consort-C863 multimeter device, and the samples were clarified by a centrifuge device made in Iran. The concentrations of Pb
and Co were determined using a WFX-130 BRAIC
atomic
absorption
spectrophotometer.
The
chemicals used in this study were made by Merck,

ܥ െ  ܥଵ
 ൈ ͳͲͲሺͳሻ
ܥ
where C0 and C1 indicate the initial concentration of
each metal in the synthetic wastewater and the secondary concentration of these metals in the sample
after the electrocoagulation process, respectively.
All the experiments were performed at ambient temperature. In order to reduce the error rate, each experiment was repeated twice.
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by the model and their results were compared with
the optimum model response.

RESEARCH DESIGN
RSM was derived using mathematical and statistical techniques. This technique can be employed
to study the effects of multiple factors at various levels as well as their effects on one another. RSM
consists of four major phases, including designing
the experiments, model fitness, confirming the
model, and optimizing the experiments¶ conditions.
CCD, which is used for designing the experiments,
is useful for RSM since it not only reduces the number of experiments but also provides valid and reliable results for statistical analyses.
In the present study, RSM and CCD were used
in Design Expert 7.0 in order to design the experiments, analyze the data, and optimize operation variables including pH, current density, initial metal
concentration, reaction time, and electrode distance.
Before designing the experiments, some preliminary
experiments were performed in order to determine a
narrow range of each operation variable utilized for
designing the experiments. Afterward, based on the
results of these preliminary experiments, variable
levels were determined. Accordingly, the variables
were examined at five levels (-Į-Į 7KH
YDOXHRIĮwas obtained from Equation (2).

RESULTS
The encoded levels of the variables are shown
in Table (1). In addition, Table (2). represents the design matrix of the experiments along with the actual
results.
TABLE 1
Independent variables and their levels
Variables
(A)
H
(B)
Initial Pb concentration
(B) Initial Co con-

Levels
-2.38 -1
2.24
5

0
7

+1
9

+2.38
11.76

15.5

50

75

100

134.5

2.43

30

50

70

97.57

9.32

30

45

60

80.7

1.31

2

2.5

3

3.69

0.2

0.6

0.9

1.2

1.6

centration
(C)
Reaction time
(D)
Current density
(E)
lectrode distance


ర

ߙൌʹ
(2)
where n indicates the number of studied factors,

Fig. 2 illustrates the residual dispersion versus
the order of the experiments as well as actual versus
predicted values for the removal of Pb and Co.
Generally, the constancy of variances and normal
distribution of data are the basic hypotheses of analysis of variance (ANOVA). Besides, diagnostic plots
such as fig. (2a and 2c) show the values of the response predicted by the model for each experiment
versus internally studentized residuals. Therefore,
the variance should be approximately constant over
the range of predictions. According to the fig.s, the
distribution of residuals does not have any definite
pattern such as megaphone; thus, the hypothesis of
constancy of variances is confirmed. Fig. (2b and 2d)
show the predicted versus the actual values; if the
points are located on a straight line, the hypothesis
of normal data distribution can be accepted. In Fig.
(2b and 2d), it can be observed that the actual data
are appropriately compatible with the data predicted
by the model. Consequently, the hypothesis of normal data distribution is valid [19].




thus Į ൌ  ൌ ǤǤOn this basis, the design matrix
included 32 factorial points, 10 axial points, and 8
central points. In total, 50 experiments were
performed for each metal.
Table 1. represents the values and levels of each
factor applied in this study. The encoded levels of
each factor were obtained using Equation (3):
 ି
ݔ ൌ   బ ݅ ൌ ͳǡ ʹǡ ͵ǡ ǥ ݇ (3)
ο

where Xi, X0DQGǻ;LQGLFDWHWKHGLPHQVLRQ
less encoded value of the factor, the value of Xi at
the central point, and the difference between the levels of the studied factors, respectively.
Table 2. represents the matrix of designing the
experiments by CCD along with laboratory and predicted results. The behavior of process factors was
described by the quadratic polynomial Equation (4):

.
< ൌ ȕ  σ.
Lୀ ȕL ή ;L  σLୀ ȕLL ή ;L 
.
.
σLLஸM σM ȕLMǤ ;LǤ ;M   ڮ H
(4)
where iMȕNDQGHLQGLFDWHWKHOLQHDUFRQ
stant, quadratic (second-order) constant, regression
constant, number of studied and optimized factors in
the experiments, and random error, respectively. Laboratory results were imported into the same software and analyzed in terms of variance and regression. In order to determine the optimal conditions,
numerical optimization was carried out by setting all
WKHIDFWRUVDWWKH³LQUDQJH´PRGHDQGWKHUHPRYDO
HIILFLHQF\RIHDFKPHWDODWWKH³PD[LPXP´PRGHTo
validate the results obtained from the model, two experiments were performed in conditions optimized
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TABLE 2
Design matrix of experiments along with actual and predicted results for Pb and Co
Run

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

pH

5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
5
9
2.24
11.76
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

Initial
(mg/l)
Pb
50
50
100
100
50
50
100
100
50
50
100
100
50
50
100
100
50
50
100
100
50
50
100
100
50
50
100
100
50
50
100
100
75
75
15.5
134.5
75
75
75
75
75
75
75
75
75
75
75
75
75
75

concentration

Reaction
time(min)

Co
30
30
50
70
30
70
70
30
70
30
30
30
70
70
30
30
70
30
30
70
70
30
30
70
30
70
70
30
30
70
70
30
50
50
97.57
50
50
50
50
50
50
50
2.43
50
50
50
50
50
50
50

30
30
30
30
60
60
60
60
30
30
30
30
60
60
60
60
30
30
30
30
60
60
60
60
30
30
30
30
60
60
60
60
45
45
45
45
9.32
80.7
45
45
45
45
45
45
45
45
45
45
45
45

Current
density
(mA/cm2)
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
2.5
2.5
2.5
2.5
2.5
2.5
1.31
3.69
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

Removal efficiency 

Distance
(cm)

Pb
Actual
22
35
36
25
20
65
40
35
38
52
55
38
50
85
70
83
38
75
44
38
51
88
42
56
45
60
47
35
50
90
49
68
62
90
28
19
15
60
20
51
43
60
90
92
90
90
86
94
93
94

0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.2
1.6
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

Predicted
20.5
36.04
34.93
20.8
23.7
60.32
37.46
43.94
36.43
50.16
57.8
41.54
51.32
85.81
71.7
76.07
46.03
69.15
44.29
37.28
45.31
89.05
42.44
56.05
39.65
60.64
44.53
35.4
50.3
91.92
54.06
65.55
60.14
92.82
30.81
17.15
17.88
58.08
20.67
51.28
42.79
61.17
91.2
91.2
91.2
91.2
91.2
91.2
91.2
91.2

Co
Actual
51
76
57
75
53
78
66
85
79
88
65
88
65
86
76
100
66
60
80
64
66
86
56
76
86
75
68
93
81
87
82
100
37
81
76
88
72
86
70
97
53
70
100
85
97
76
83
87
80
82

Predicted
5.51
74.14
60.71
69.45
53.14
82.06
65.5
84.88
65.76
87.94
70.46
87.94
67.38
85.75
81.61
100
60.2
74
81.83
64.45
66.81
88.12
63.26
76.18
85.13
72.25
75.76
91.69
84.19
86.12
76.75
100
41.75
75.32
80.18
84.67
71.71
85.46
68.25
97.82
55.69
66.69
94.5
84.67
84.67
84
84.24
84.67
84.67
84.67

ANOVA results of the response parameters of the removal of Pb and Co are shown in Table 3.
TABLE 3
ANOVA results of response parameters
Response

Pb

Co

Final equation in term of code factor
ͻͳǤʹ  Ǥͺ െ ʹǤͺ  ͺǤͶͷ  ͺǤͶͶ 
͵Ǥͺ െ Ǥͷ͵  ͷǤͳ  ͳǤͺ 
ͳǤ െ ͶǤͳ  ʹǤͺͶ െ ͷǤ െ
ʹǤଶ െ ͳͳǤͺͺଶ െ ͻǤͶͳ ଶ െ ͻǤଶ െ
Ǥͻ͵ ଶ
Ǥ  Ǥ$ െ Ǥ%  Ǥ&  Ǥ' 
Ǥ( െ Ǥ$- 2.78AE ± 2.47BD ± Ǥ$
± 4.18 E2

P

PLOF

R2

Adj.R2

AP

SD

CV

PRESS

<0.0001

0.075

0.9
8

0.94

27.6

4.22

7.54

1678

<0.0001

0.41

0.8
6

0.76

14

6.81

8.93

4133

P: probability of error; PLOF: probability of lack of fit; AP: adequate precision; SD: standard deviation; CV: coefficient of
variance; PRESS: predicted residual error sum of squares

6714

Volume 27 ± No. 10/2018 pages 6711-6721

© by PSP

Fresenius Environmental Bulletin



Predicted vs. Actual

Residuals vs. Predicted
94.00

3 2

74.25

1.50

2
0.00

Predicted

Internally Studentized Residuals

3.00

3

54.50

34.75

-1.50

15.00

-3.00
17.15

36.07

54.98

73.90

15.00

92.82

34.75

74.25

94.00

Actual

Predicted

(b)Pb

(a)Pb

(d)Co

Residuals vs. Predicted
3.00

Predicted vs. Actual
104.00

1.50
87.25

Predicted

Internally Studentized Residuals

54.50

0.00

70.50

-1.50
53.75

-3.00
37.00

41.75

57.24

72.72

88.20

103.68
37.00

53.67

70.34

87.01

103.68

Predicted
Actual

(c)Co
FIGURE 2
Residuals versus predicted values (a and c) and actual values versus predicted values (b and d) for the removal of Pb and Co


model is not appropriately fitted [23]. The lack-of-fit
test of the quadratic equation equaled 0.0749 and
0.4103 for the removal of Pb and Co, respectively.
Both cases were insignificant at the confidence level
of 95%, showing the good fit of the data to the
model. The CV (coefficient of variations), which
was observed as the ratio of estimated standard error
to the average response value, indicates the reproducibility of the model. A model can be considered
reproducible if the value of CV is less than 10% [23].
The CV value in this study for Pb and Co was 7.54%
and 8.93%, respectively, demonstrating the reproducibility of the obtained quadratic model.
The interaction effects of the operation factors
including pH, current density, initial metal concentration, reaction time, and electrode distance, for Pb
and Co are depicted in Fig. 3 and 4, respectively. In
this section, by keeping other factors at the midrange, the interaction effects of the factors are drawn
in contour diagrams in the dual mode. 

DISCUSSION AND CONCLUSION
Table 3. represents the ANOVA results of the
modified quadratic models with independent encoded variables after eliminating statistically nonsignificant terms. In order to have an appropriate
model, higher values of R2 are desirable. Moreover,
it is necessary to have a reasonable consistency between R2 and Adj.R2 coefficients. The determination
coefficient (R2) provides the total ratio of variations
in the responses predicted by the model and also indicates the ratio of SSR to SST. The high R2 coefficient ensures that the quadratic model is satisfactory
for the experimental data [20]. In the present study,
R2 and Adj.R2 coefficients for Pb and Co were (0.94
and 0.98) and (0.76 and 0.86), respectively. Adequate precision (AP) is the signal-to-noise ratio, and
the values above 4 are desirable [21, 22]. In this
study, AP equaled 27.6 and 14 for Pb and Co, respectively, indicating the presence of an adequate signal.
The lack-of-fit test describes data variations around
the fitted model. This test is significant when the
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FIGURE 3
Contour plot for Pb removal as a function of (a) pH and initial concentration, (b)pH and reaction
time,(c)pH and distance,(d) reaction time and CD,(e) initial concentration and distance and(f) reaction
time and CD.
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and bubbles as well as the size and distribution of the
flocs in electrocoagulation reactions using different
electrodes [28].
The interaction effects of the initial metal concentration and current density are represented in Fig.
(3-d). As observed in this fig., at a constant initial
concentration, the increased current density resulted
in the increased removal efficiency of lead, such that,
at the initial concentration of 75 mg/L, the removal
efficiency of lead equaled 80% and 90% at the
densities of 2.2 and 3 mA/cm2, respectively.
Moreover, at a constant current density, removal
efficiency was increased by increasing the initial
concentration of lead up to 75 mg/L, such that, at the
current density of 2.5 mA/cm2, the removal
efficiency of lead equaled 65% and 80% at the
concentrations of 45 and 75 mg/L, respectively.
However, at concentrations of above 75 mg/L, removal efficiency demonstrated a decreasing trend.
Claudio Escobara et al. reported that, in the
electrocoagulation process, the removal efficiency of
lead, cadmium, and copper was enhanced by increasing the current density, and lead was completely
removed from the solution. Results of the study are
in line with those of the present study, although the
removal efficiency of lead was lower here due to the
initial metal concentration [29].
Fig. (3-f) shows the interaction effects of initial
metal concentration and electrode distance on the removal of Pb. In this fig., at a constant initial concentration, maximum removal efficiency was obtained
at the distance of 1 cm, while removal efficiency was
reduced at higher distances or very small distances.
Fig. (3-e) illustrates the interaction effects of
reaction time and current density on the removal of
Pb. As can be observed in this fig., at a certain time,
the increased current density caused the increased removal efficiency of Pb, such that, at the reaction time
of 45 min, removal efficiency equaled 705 and 80%
at current densities of 1.91 and 2 mA/cm2, respectively. Moreover, at a constant current density, the
increased reaction time resulted in the enhanced removal efficiency of Pb, such that, at the current density of 2.5 mA/cm2, removal efficiency equaled 60,
70, and 90% at reaction times of 30, 40, and 60 min,
respectively.
Fig. (4-a) represents the interaction effects of
the initial Co concentration and current density.
Based on this fig., at a constant initial concentration,
the removal efficiency was increased by increasing
the current density, such that, at the constant initial
concentration of 50 mg/L, the removal efficiency of
Co equaled 80% and 85% at the current densities of
1.91 and 2.5 mA/cm2, respectively. Moreover, at a
constant current density, increasing the initial Co
concentration up to 75 mg/L led to an increase in removal efficiency.

Fig. (3-a) illustrates the interaction effects of
pH and initial concentration on the removal of Pb.
According to this diagram, at the pH of 7, the removal efficiency of this metal was high at low
concentrations, while the increase in concentration
caused a reduction in removal efficiency. At the pH
of 9 and concentrations lower than 75 mg/L, removal
efficiency was enhanced with an increase in the initial concentration. However, at higher concentrations, removal efficiency demonstrated a decreasing
trend, reaching 95.5% at concentrations below 75
mg/L. Furthermore, by increasing the concentration,
removal efficiency was decreased, such that it
equaled 90% and 70% at the concentrations of 80
and 104.37 mg/L, respectively. Results of the studies
conducted by Bassam Al-Aji et al. and Kabdas were
to some extent consistent with those of the present
study [24, 25].
According to Fig. (3-b), at a certain pH, removal efficiency was increased by increasing the reaction time, such that, at the pH of 7, removal efficiency equaled 60% and 90% at the reaction times of
27.15 and 45 min, respectively.
5HVXOWV RI 6KDKULDUL¶ VWXG\ RQ WKH UHPRYDO Rf
lead from aquatic environments using the electrocoagulation process indicated that the removal efficiency of lead was enhanced by increasing the pH
[26]. Commonly, at high pH levels, the formation of
metal hydroxides results in the increased removal of
heavy metals including lead. Results of this study are
consistent with those of the present study.
Fig. (3-c) depicts the interaction effects of pH
and electrode distance. As seen in this fig., at a
constant pH, increasing the distance up to 1 cm
results in an increased removal efficiency, while
increasing the distance more than 1 cm causes a
reduction in the removal efficiency. At the pH of 7,
the removal efficiency of lead equaled 70%, 90%,
and 80% at the distances of 0.5, 0.9, and 1.25, respectively. Furthermore, at a constant distance, the
increased pH level caused an enhanced removal efficiency for lead, such that, at the distance of 0.9 cm,
removal efficiency equaled 90% and 95% at the pH
levels of 7.5 and 9, respectively.
Gatsios et al. reported that the removal of
manganese was reduced by increasing the distance
between the electrodes from 2 cm to 4 cm at the
constant electrical current of 0.3 A. In the study, the
best removal results were obtained at the lowest
distance (2 cm) [27], which is to some extent
consistent with the results of the present study.
Electrical current density is one of the most important factors affecting the removal of pollutants
using electrocoagulation, since it determines reaction velocity at the anode and cathode. The value and
concentration of Al3+ and OH- ions, as well as the
growth of flocs for the adsorption of metal ions, depend on current density. In addition, current density
determines the velocity of production of coagulants
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FIGURE 4
Contour plot for Pb removal as a function of (a) initial concentration and CD,(b) pH and distance,(c)
pH and reaction time and (d) pH and initial concentration.
on this fig., at a constant distance, the increased pH
led to the increased removal efficiency, such that, at
the distance of 0.9 cm, removal efficiency equaled
65, 80, and 85% at the pH levels of 4.62, 7, and 9.38,
respectively.
Results of 6KDIDHL¶V study indicated that the removal efficiency of Co at the pH of 4 was more than
80%. Nevertheless, at the pH of 2, removal efficiency was reduced to less than 35%. Furthermore,
at pH levels of 4-8, all the aluminum cations produced at the anode were converted into dissoluble
coagulants, leading to the effective removal of Co
[34].
Fig. (4-c) shows the interaction effects of pH
and reaction time on the removal of Co. Accordingly, at all pH levels, the increased reaction time led
to the increased removal efficiency of Co. However,
at the pH of 7, increasing the reaction time caused a
further increase in removal efficiency.

In a study by Shafaei et al., the effect of current
density was investigated in the range of 5-11 A/cm2.
Results of the study indicated that increasing the current density from 1.5 to 6.25 mA/cm2 led to an
increase in the removal efficiency of Co from 60 to
80% [30], which is quite similar to the results of the
SUHVHQWVWXG\%DVHGRQ)DUDGD\¶VODZDQHQKDQFHG
current density results in an increased dissolution of
aluminum in aquatic environments. As a result, the
high amount of produced coagulant increases removal efficiency [30].
The increase in removal efficiency caused by
the enhanced concentration of Co2+ ions might be
due to the reduction in the ratio of produced aluminum to initial metal concentration, the consequence
of which is the decrease in the removal rate of Co
[31-33].
Fig. (4-b) depicts the interaction effects of pH
and electrode distance on the removal of Co. Based
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TABLE 4
Verification of experimental results at optimum conditions
Optimum condition
Pb (pH: 8.5; concentration: 76mg/L; time: 50 min; CD: 2.57
mA/cm2; distance: 1.02 cm)
Co (pH: 8.77; concentration: 31mg/L; time: 45.4 min; CD:
2.987 mA/cm2; distance: 0.84 cm)

Removal efficiency (%)
Predicted
Actual
99.9
97.5

Error

100

96

Desirability

2.4

Standard deviation
±1.15

4

±2.12

100

100

removal from aqueous solution by electrocoagulaWLRQ´ DSSURYHG LQ 4D]YLQ 8QLYHUVLW\ RI 0HGLFDO
Sciences (QUMS) and a research project approved
by Research deputy of Qazvin University of Medical
Sciences with project number 257/DB. The authors
wish to acknowledge the Vice Chancellery for Research of QUMS for the financial support of this research.

In Shafaei et al., the removal efficiency of Co
at the reaction times of 10 and 30 min was enhanced
from 68% to 90% [30], which is in line with the results of the present study on the increase in reaction
time.
The increased concentration of aluminum species in the reactor led to the enhanced removal effiFLHQF\%DVHGRQ)DUDGD\¶VODZLQFUHDVLQJHOHFWURO
ysis time results in an increase in Al ions, leading to
an increase in hydroxide flocs [34].
Finally, the data predicted by the modified
quadratic model were numerically optimized in the
aforementioned software. Results of the numerical
optimization for Pb and Co were (CD: 2.57 mA/cm2;
time: 50 min; concentration: 76 mg/L; pH: 8.5; distance: 1.02 cm) and (CD: 2.987 mA/cm2; time: 45.4
min; concentration: 31 mg/L; pH: 8.77; distance:
0.84 cm), respectively. The removal efficiencies of
Pb and Co were 99.9% and 100%, respectively. In
order to validate the data obtained from the modified
model, two additional experiments were performed
in optimal conditions predicted by the model. The
results obtained for each metal are presented in Table
4.
The experimental data obtained in the predicted
optimal conditions for the removal of Pb and Co
were equal to 97.5% and 96%, respectively. The values of error and SD of the experimental and predicted data are presented in Table 4. The values of
error and SD are acceptable. Therefore, it can be
concluded that the obtained quadratic model has a
good fit to the data and is suitable for predicting the
results.
Based on the results of the present study and
regarding the proper consistency of the results predicted by the model with the data obtained from the
experiments, it can be claimed that the electrocoagulation process is appropriate for treating
wastewaters which contain heavy metals such as
lead or cobalt. Furthermore, this process is suitable
for the pre-treatment of industrial wastewaters containing heavy metals before probable bio-treatment.
Moreover, CCD and RSM are appropriate for designing electrocoagulation experiments, data analyses, predicting the results, and optimizing the operation variables of the process.
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larger mitochondrial genomes. These extra-genomes
present in plants make DNA extraction more complex if cytoplasmic and nuclear genomes are needed
to be extracted separately. Plastid DNA genome is a
double-stranded DNA, circle and 120-217 kbp in
size [4]. Mitochondrial genomes of plants are usually
large and complex ranging from 200-2,000 kbp. Unlike that of animal mitochondrial DNA, plant mitochondrial DNA molecules do not exist as large circular DNA but co-exist in combinations of smaller
circular and branched molecules [5].
Literature reports hundreds of different protocols for DNA isolation from various sources of plant
tissue. Although different commercial kits and methods are available for DNA isolation, the cumulative
cost of purchasing multiple kits and chemicals could
be not economical when the large numbers of DNA
extractions are required [6-9]. An economical, reproducible, user and environment friendly protocol and
solutions will be useful for DNA extraction studies
of large numbers of individuals, lines, families, or
populations. Examples of such applications include
marker-assisted selection (MAS) for important characters that are expensive to determine directly, studies of Targeting Induced Local Lesions IN Genomes
(TILLING), seed purity testing, linkage studies of
genomic regions, genetic fingerprinting and identification, selection for transgenes and mapping. Some
of these methods such as TILLING requires larger
amount of DNA. Several commercial kits are available to extract genomic DNA from plant tissues with
sufficient quality, but the yield of DNA produced
from commercial kits is often low and expensive
which is prohibitive for small laboratories [8-11]. Insufficient and low quality genomic DNA from
bulked and single seed of cotton could be obtained
using commercial kits. Here, we report a low-cost,
high yield, high quality, and high throughput cotton
seed DNA extraction method to prepare genomic
DNA from dry cotton seeds.

ABSTRACT
DNA extraction is a routine procedure in most
plant laboratories. Plant DNA isolation requires the
use of several hazardous chemicals. The use of Proteinase K and RNase A contributes major isolation
cost. Also the use of liquid nitrogen does not only
increase the cost but also opens new ways of introduction of contamination and injury risks. In the present study a CTAB-based cotton DNA extraction and
purification method suitable for single cotton seed is
reported. It is an inexpensive, rapid and simple procedure, especially when hundreds of cotton seed
samples need to be analyzed. The main advantages
of the method are high yield, high quality, and cost
effectiveness. This method could satisfy demand
when high amount plant genomic DNA required
from large numbers of cotton plant samples. The
quality (integrity, originality, and purity) and quantity (amount) of the extracted DNA are suitable for
most molecular biology research including restriction enzyme digestion studies, polymerase chain
reaction, next generation sequencing, and next generation marker technologies.

KEYWORDS:
DNA purification, cost effective, cotton cultivars, CTAB,
lithium chloride, seed DNA

INTRODUCTION
Historically, Friedrich Miescher, a Swiss physician, was the first scientist isolating nucleic acids,
(called nuclein) in 1869 followed by Meselson and
Stahl in 1958 [1]. The ability to isolate plenty of pure
DNA from a variety of sources is an important step
in almost every molecular biology laboratory. In
comparison to animal species, plants present particular problems that oftentimes require the use of the
different protocols, buffers and solutions due to cell
walls and secondary metabolites. Plant cell walls
contain cellulose along with many other complex
polysaccharides, and secondary compounds many of
which contain phenolics which must be separated
from the nucleic acid materials [2, 3]. Differing from
animal cells plant cells have plastid (chloroplast) and

MATERIALS AND METHODS
Chemicals. Following chemicals are required
for the preparation of buffer and solutions used in
this DNA extraction method. All chemicals were
molecular biology grade and were purchased from
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at RT.
(iv) After centrifugation step, 6ȝl of supernatant is pipetted out, and is transferred to new 2 ml
tube and 0.1 volume of 5 M NaCl and 0.9 volume of
isopropanol are added, and tubes are inverted several
times before performing centrifugation as in the previous step.
(v) After centrifugation, the supernatant is discarded and the tubes are kept upside down on tissue
paper to remove the residual alcohol. ȝl of 0.5X
LB preheated at 65 °C, ȝl 20% of SLS DQGȝO
of 8 M LiCl are added to DNA pellet, thoroughly
mixed and incubated for 30-40 min in a water bath at
65°C and briefly vortexed at every 10 min interval.
Pellet should be dissolved during the incubation. After incubation, samples are FRROHGWR57DQGȝl
of CIA is added, vortexed thoroughly, incubated 5
min at RT before centrifuged at 10,000 xg for 10 min
at RT.
(vi) After centrifugation, 6ȝl of supernatant
is carefully transferred into a sterile 2 ml tube and
6 ȝl of CIA is added and again centrifuged at
10,000 xg for 10 min at RT.
(vii) $IWHUFHQWULIXJDWLRQȝORIVXSHUQDWDQW
is pipetted out, and is transferred to new 1.5 ml tube
and 0.1 volume of 5 M NaCl and 0.9 volume of isopropanol are added and incubated at ± 20 oC for at
least 30 min or overnight. The samples taken from
the freezer are warmed to RT and are centrifuged at
10,000 xg for 10 min at RT.
(viii) After centrifugation, the supernatant is discarded and the tubes are kept upside down on tissue
paper to remove the residual alcohol. To each pellet
of DNA at the bottom of tubes 3 ȝO of TE preheated at 65&DQGȝl sodium acetate, (pH: 5.2)
are added, dissolved before addiQJȝl of 100%
ethanol. Samples are centrifuged at 10,000 xg for 5
min at RT.
(ix) After centrifugation, the supernatant is discarded and the tubes are kept upside down on tissue
paper to remove the residual alcohol DQGȝl of
80% ethanol is added and centrifuged at 10,000 xg
for 3 min at RT.
(x) After centrifugation, ethanol is discarded
and the tubes are kept upside down on tissue paper
to remove the residual alcohol. A translucent pellet
appears on the wall of the tube that is DNA. DNA is
thoroughly dried using a clean hairdryer and 100-200
ȝl TE preheated at 65°C is added, after dissolving the
DNA, tubes are stored at -20 °C or +4 °C until
needed.

Amresco, Solon, Ohio, with the exception of chloroform and ethanol, which were from Merck, Darmstadt, Germany, and isoamyl alcohol purchased from
Sigma, St. Louis, Missouri. Chemicals include: (i)
ethylene diamine tetra acetic acid, disodium salt, dehydrate (EDTA), C10H14N2O8Na2 2H2O, MW:
372.24. (ii) polyvinylpyrrolidone (PVP), water soluble, C6H9NO, MW: 40,000, (iii) cetyltrimethyl ammonium bromide (CTAB), C19H42NBr, MW:
364.45, (iv) sodium lauroyl sarcosine (SLS),
C15H28NNaO3, MW: 293.39, (v) tris(hydroxymethyl)aminomethane (TRIS), C4H11NO3, MW:
121.14, (vi) beta-mercapto ethanol (BME), C2H6OS,
MW: 78.13, (vii) lithium chloride (LiCI), MW:
42.39, (viii) t-octylphenoxypolyethoxyethanol (Triton X-100), C34H62O11, (ix) chloroform, CHCI3,
MW:119.38, (x) sodium acetate, anhydrous (NaAc),
CH3COONa, MW: 82.03, (xi) ethanol, C2H6OH,
MW: 46.07, (xii) isoamyl alcohol, C5H12O, and (xiii)
isopropyl alcohol, C3H7OH, MW: 60.09.
Solutions. Lysis buffer (LB): 200 mM TRIS
(pH: 8.0), 50 mM EDTA (pH: 8.0), 2 M NaCI, %2
PVP, %2 CTAB, %2 Triton-X 100, %2 BME. LB is
prepared using appropriate stock solutions, including
CTAB, EDTA, NaCl, PVP, Triton X 100 and BME.
LB could be stable for several months.
(i) TRIS-EDTA (TE): 10 mM TRIS, 0.1 mM
EDTA (pH: 8.0).
(ii) Chloroform-isoamyl alcohol (CIA): 24 volumes chloroform and 1 volume isoamyl alcohol.
Seeds. This study used a total of 432 cotton
seeds representing currently cultivated or old varieties, many of which have foreign origins. Delinted
cotton seeds were used in DNA extraction studies.
Protocol. Each cotton seed is wrapped with
four fold-aluminum foil and labelled so that 6, 12, 24
or 48 samples could be processed simultaneously.
Individually wrapped seed is crushed into powder
using a pestle and transferred into a 2.0 ml polypropylene tube. If desired, the seed coat could be removed during the crushing since cotton seed coat is
maternally inherited rather than zygotic [3].
(i) To each crushed seed VDPSOHȝl of LB
is added and thoroughly mixed by vortexing, then 40
ȝl RI6/6DQGȝl of 8 M LiCl are added and
vortexed thoroughly. Samples are incubated for 4060 min in a water bath at 65 °C and thoroughly vortexed at every 10 min time interval.
(ii) At the end of incubation, samples are cooled
WRURRPWHPSHUDWXUH 57 DQGȝl of CIA solution
is added, vortexed thoroughly and centrifuged at
10,000 xg for 10 min at RT.
(iii)
After centrifugation, the upper
phase (about 700 ȝl) is pipetted out, and is transferred to new 2 ml tube and an equal volume of CIA
(7ȝl) is added, briefly vortexed and incubated 5
min at RT before centrifuged at 10,000 xg for 10 min

Spectrophotometer. DNA samples were quantified using a spectrophotometer (Spectro UV±VIS
Double Beam, Model UVD-2960; Labomed, Culver
City, CA). Spectrophotometric analyses included
full scans from 1100 to 190 nm and individual absorbance readings at 230, 260 and 280 nm [11].
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nitrogen is omitted and thus might decrease the risk
of cross-contamination of the sample and injuries of
researchers.
The use of liquid nitrogen seems advantages
those plant seeds rich in polysaccharides and phenolic compounds. During tissue homogenization,
phenolic compounds oxidize and irreversibly bind to
proteins and nucleic acids. If not prevented a gelatinous material bound to nucleic acids and renders the
DNA unsuitable for PCR or restriction enzyme digestion [2, 3, 9, 15-17, 19-21]. Although cotton
(Gossypium spp.) is a well-known crop that contains
high concentrations of polyphenolic substances and
other contaminants such as lipids, polysaccharides,
gossypols and tannins, we could isolate good quality
and quantity of genomic DNAs from single seeds.
This indicated the DNA extraction protocol reported
in the present study is suitable for genomic DNA extraction of cotton seeds.
Lysis buffer of the protocol does not inhibit enzymatic reactions, therefore, if enzymes such as proteinase K and RNase A are required, these enzymes
could be used before addition of one volume 8 M
LiCl which effectively inhibit enzymatic activities
such as Proteinase K and RNase A [2, 11]. The use
of LiCl at 4 M concentration enabled us to completely remove all types of cellular RNA in the chloroform directed separation phase of this method. In
one of our previous studies we noted that LiCl is
much affective than phenol in term of reduction of
ribonuclease activity [11]. Also during this phase
(the use of LiCl) certain proteins, lipids, carbohydrates, and cell debris were effectively removed.
This method reported here uses two isopropanol precipitation steps unlike some other methods [3,
20, 22]. In both steps the upper phase which contains
DNA is collected and precipitated using 0.9 volume
of isopropanol and 0.1 volume of 5 M NaCl. DNA
precipitate is collected by centrifugation, and excess
salt is rinsed in two ethanol washes, 70% ethanol followed by 80% ethanol wash. Extracted DNA samples were evaluated using spectrophotometer, restriction endonucleases, agarose gel electrophoresis
and genome specific PCR [2, 13, 14].
Based on spectrophotometer analysis of genomic DNA represented 36 single seeds of cotton varieties, the DNA yield ranged from 5.72 μg to 23.76
μg per seed, with an average value of 11.16 μg
(±3.56). Yield inconsistency within 36 seeds was
probably due to the individual seed weight which
ranged from 70 mg to 110 mg. DNA yields were also
affected from the status of seeds which were either
delinted, undelinted, coated with different dyes and
chemicals. We also noted the yields were also influenced with the genotypes. DNA yield of this method
presented here is either higher or equivalent to the
yield of previous methods [3, 12, 15-17, 19, 20, 22].
DNA quality values were not dramatically varied, as evidenced by the ratio of OD260 nm to OD280
nm, and OD260 nm to OD230 nm. The ratio of OD260

Polymerase Chain Reaction (PCR). Polymerase chain reactions using primer pair specific to chloroplast, mitochondrial and nuclear DNA were amplified. Primer pairs (F/R) were trnH-SVE$ ¶TGATCCACTTGGCTACATCCGCC-¶ DQG ¶GCTAACCTTGGTATGGAAGT (for chloroplast
genome), 18S-5S U51$ ¶-GTGTTGCTGAGACATGCGCC-¶ DQG ¶-ATATGGCGCAAGACGATTCC-¶ (for mitochondrial genome), BNL3873
¶-&$7*&&$&*&7777*77$7*
DQG
¶ACAGAATGCGCCTAGTCACC-¶ for nuclear
genome).
3&5VZHUHFDUULHGRXWLQȝO reaction volume
containing 100 ± 10 nanograms of total genomic
'1$VDVWHPSODWHVȝM of primer pair (F/R), 80
mM TRIS±HCl (pH 8.8), 19 mM (NH4)2SO4,
0.009% Tween-20 (w/v), 0.28 mM of each dNTP, 3
mM MgCl2, and 2 units of Taq DNA polymerase
(Invitrogen Carlsbad, CA). PCR amplification profile was as follows: initial denaturation at 94 oC for 3
min, ten cycles with denaturation at 94 oC for 30 s,
annealing at 60 oC for 30 s in the first cycle, diminishing by 0.5 oC each cycle, and extension at 72 oC
for 1 min in using a Veriti 96-well thermal cycler
(Applied Biosystems, Foster City, CA). An additional 30 PCR cycles were run using the same cycling parameters with constant annealing at 55 oC.
Denaturation and extension conditions were the
same as indicated above. The amplifications are finished with final extension at 72 oC for 7 min [12].
Restriction Enzyme Digestion and Agarose
Gel Electrophoresis. To investigate the effectiveness of this DNA extraction method, DNA samples
were subjected to Hinf I, and Rsa I restriction enzymes [2]. One volume of loading buffer and 5 volumes of PCR products or restriction enzyme digests
were mixed and these mixtures were loaded in 3%
high-resolution agarose gel containing 0.5 μg/ml
ethidium bromide, electrophoresed at 5 V/cm at constant voltage for 4±6 h in the presence of 1X TRISBorate-EDTA buffer and photographed on an ultraviolet (UV) transilluminator for analysis [13, 14].

RESULTS AND DISCUSSION
Isolation of DNA from seed sample is very tedious as seed is hard and dry. The plant tissues with
rigid cell walls need to be ground into powder in majority of the DNA extraction studies. Grinding using
liquid nitrogen is common way to disrupt tissues into
cells and cell clusters [2, 7, 11, 15-18]. Impurity of
liquid nitrogen is a common source of cross-contamination in DNA extraction protocols. The handling of
liquid nitrogen is also difficult and usually causes
cold-burn during DNA extraction procedures. An alternative method to liquid nitrogen is drying samples
with lyophilizers, but they are not available in many
laboratories. In the present method the use of liquid
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nm to OD280 nm ranged from 1.74 to 2.1 with an average value of 1.90 (±0.09) while the ratio of OD260
nm to OD230 nm ranged from 1.96 to 2.52 with an
average value of 2.28 (±0.148). In the present study
we also used proteinase K and RNase A to investigate whether the yield and quality of the extracted
DNAs were improved. DNA yields were significantly increased with the use of enzymes, however,
inclusion of enzymes increased the cost of our
method. Since the yield and quality of extracted
DNAs were sufficiently enough for many molecular
biology applications we concluded that the use of
Proteinase K and RNase A were dispensable.
Agarose gel electrophoresis studies clearly
showed that extracted DNA samples were free from
RNA and polysaccharide contamination and the molecular weights were greater than 20 kbs (Figure 1A).
Based on the agarose electrophoresis studies, we
confirmed that with the use of this method high-molecular-weight, un-sheared and polysaccharide free
DNA samples could be extracted from cotton seeds.
Also extracted DNA as indicated in Figure 1A is free
from cellular RNA molecules.
Higher amount of DNA such as more than 200400 ng inhibit PCR amplification due to contaminant
present within the DNA [6-10]. We used different
amount of DNA in PCR amplification studies and results showed that extracted DNA samples were free
of PCR inhibitors (Figure 1BC). Also restriction enzyme digestion studies indicated that DNA samples
were completely digestible indicating the absence of
enzyme inhibitors within the DNA solution [2, 8-16].
PCR amplification of different amounts of DNA
templates (Figure 1B) were successful (Figure 1C).
Based on successful PCR amplification profiles of
loci located on chloroplast and mitochondria genome
we concluded that extracted DNA also contained
DNA molecules from cytoplasmic genomes (data
not shown).
Results of spectrophotometer, restriction
endonuclease digestion, agarose gel electrophoresis
and polymerase chain reaction clearly indicated that
CTAB, a cationic detergent, and high salt concentration help dissociate DNA from chromosomal proteins, and selectively precipitate nucleic acids. The
addition of LiCl during the extraction not only inhibit activities of enzymes such as proteases and nucleases also eliminated the use of RNase in the DNA
extraction. PVP and SLS in the lysis buffer helped in
the removal of polysaccharides presented in the seed
extract. The method described in this paper works
well for extracting high-quality DNA from cotton
seeds and could be widely applicable for plant breeding and other molecular screening techniques in
large populations of cotton cultivars. Also the
method reported here does not require the use of environmentally hazardous reagents such as phenol,
guanidine salts and equipment such as ultra-high
speed centrifuges, thus could be performed even in
low-technology laboratories [2, 3, 21].

Fresenius Environmental Bulletin

FIGURE 1
Agarose gel images of genomic DNA and polymerase chain reaction products of single cotton
seeds.
Panel A shows high-molecular weight cotton seed genomic DNA
extracted from 15 different cotton varieties cultivated in Turkey
and abroad. Panel B: represents higher DNA amounts used in polymerase chain reactions indicating absence of PCR inhibitors.
Panel C shows amplified microsatellite locus located on nuclear
genome. Numbers represent 1: GB-58, 2: DPL-5816, 3: Gacot-79,
4: DPL-886, 5: Gaia, 6: DPL-90, 7: Garant, 8: Eva, 9: Gelincik,
10: Extrem-Okra, 11: Giza-45, 12: Fibermax-819, 13: Giza-75,
14: Frego, and 15: Gloria)

CONCLUSIONS
Extraction of large quantity, high quality and
intact DNA is often a limiting factor in genetic analysis of seed traits which are very important to agriculture. A DNA extraction method was developed to
extract high quality genomic DNA from single cotton seed. DNA isolation and purification from cotton
seed is complicated by the presence of oils, lipids and
phenolic compounds. Although DNA extraction
from single dry seeds of cotton has been described
previously, none of these existing approaches, however, allow DNA extraction without the use of proteases such as Proteinase K, RNase A and liquid nitrogen. This method reported here is inexpensive,
relatively fast, and produce higher amount and quality of genomic DNA suitable for basic and advanced
research on plant molecular biology and genetics.
Therefore, this method could be very useful for those
researchers who suffer from insufficient amounts or
inconsistent quality of DNA from cotton seeds.
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EFFECT OF WINTER WHEAT TILLAGE METHODS ON
NITROGEN FERTILIZER EFFICIENCY
Jozef Sowinski*, Wieslaw Wojciechowski
Institute of Agroecology and Crop Production, Wroclaw University of Environmental and Life Sciences, Wroclaw, Poland

One of the minimalization processes of negative tillage impact on environment could be reduction of energy consumption and green gasses emission [8, 9]. Reduce tillage or living mulches strategy decreased fossil fuel consumption [10]. Living
mulches commonly used in horticulture [11]. For
narrow spacing crops like cereals living mulches
methods needs development and more research.
Nitrogen surplus in environment compounds
causes global warming and other disaster like dead
sea zone [12, 13]. Nitrogen losses can be minimized
by developing N management strategies [14, 15]. In
integrated fertilization systems, it is recommended
to apply a split doses, for synchronisation N fertilizer rate with wheat demands [1, 16].
Nitrogen is important for yield increasing and
its quality, but not only. Last years high respect is
focused on the nitrogen efficiency [17, 18, 19, 20].
According to [18], the increasing N rates reduce the
efficiency of the treatment and uptake by plants.
The purpose of the study was to determine the
efficiency of N fertilizer in tillage management for
winter wheat at different nitrogen rate regime harvested for grain.

ABSTRACT
At the PawáRZLFH ([SHULPHQWDO 6WDWLRQ EH
longing to Wroclaw University of Environmental
and Life Sciences four year field studies were carried out. Three tillage system was compared: traditional (TT), no-tillage into stubble (NS) and bicropping - no-tillage on white clover living mulch
(NWC). The measurements grain, protein and energy yields allowed us to determine the efficiency of
nitrogen uptake. The efficiency of N fertilizer was
determined in relation to yield given in metrical
units and also protein and energy yields noted on
various harvest dates.
Grain yield was 56.5% higher on a traditional
tillage than from no-tillage system and 85.7% higher than from bi-cropping system.
The most effective N fertilizer efficiency was
found with a traditional tillage system, since the
increases observed in grain yield were the greatest.
NWC system reduced nitrogen fertilization efficiency expressed in each parameter determined.
The white clover at NWC could have influenced the
nitrogen availability and efficiency of biological
nitrogen resources.

MATERIALS AND METHODS
KEYWORDS:
Winter wheat, nitrogen efficiency, tillage system, white
clover living mulch

Field studies were conducted in the years
2011-2014 at the Pawlowice Experimental Station
belonging to the Wroclaw University of Environmental and Life Sciences, south-west Poland
(51q¶1 DQG q¶(  P DVO . The experiment with winter wheat was performed in a splitplot design:
Main factor ± tillage methods: traditional
(TT), no-tillage direct sowing into stubble (NS), no
tillage direct sowing into white clover sward ± bi cropping (NWC).
Secondary factor ± nitrogen dosses: ammonium nitrate fertilization at the rate: 0 (control), 30,
60, 90 and 120 kg · ha-1. Two low rates (30 and 60
kg · ha-1) were applied once in spring at BBCH
stage 26. Two high rates (90 and 120 kg · ha-1) were
split applied: the first doses (60 kg · ha-1) at BBCH
26 and the other 30 or 60 kg · ha-1 at stage BBCH
41.
Irrespective of the cultivation system, 550
wheat seeds were sown on 1 m2. Sowing was per-

INTRODUCTION
The use of nitrogen fertilizer is costly, and nitrogen efficiency is uppermost in sustainable agriculture [1]. Nitrogen cycle is very dynamic and
management of this nutrient at environment should
provide practical benefits without risk or with low
adverse effect. The worldwide of commercial nitrogen fertilizer use estimated on 111 million tones
[2]. Huge percentage of this amount can be lost
through different physical and biological processes:
leaching, surface runoff, ammonia, nitric oxide and
nitrous oxide volatilization and denitrification
which is the effect of reactive characteristic of
nitrogen at environment and other chemical nitrogen compounds [3, 4, 5, 6, 7].
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Apparent recovery fraction RF (%) ± ratio of
nitrogen accumulation increment (uptake of Nx ±
uptake of N0) in relation to an applied N at Nx.

formed in the third decade of September or in the
first decade of October. The experiment was carried
out in 4 replications. The area of fertiliser subplots
was 30 m2.
The wheat was harvested at fully ripe (BBCH
± 92) using plot harvester - Wintersteiger and the
yields of grain and straw were measured. Before
harvest, plant samples were taken from 0.5 m2 and
the yield structure was analysed.
The chemical analysis included dry matter
content and main organic compounds (crude ash,
crude fat and N-free extract). The total nitrogen
content was estimated using Kjeldahl methods.
Based on the yield of biomass and grain and on the
content of crude protein, protein yield was calculated. Results of chemical analyses of dry organic
mass: crude protein (CP), crude fibre (CF), crude
fat (CFA) and N-free extract (N-f) were used to
calculate the feed units for lactation. The formulas
of [21] were used. Protein yields and feed units for
lactation (UFL) were determined in relation to dry
matter (milk-dough stage) and grain yields (grain
maturity stage).
No tillage treatments were performed in the
period from the harvest to sowing in the next year
in the NS and NWC system. In the NWC system,
the regrowth of white clover was reduced by using
glyphosate at a lowered dose 2 l·ha-1, and the weeds
in the NT system was reduced using 6 l·ha-1 of
glyphosate. Spraying was performed 4 weeks before wheat sowing. In the TT system, after harvesting the wheat, chiselling, ploughing and pre-sowing
tillage (cultivator with a string roller) were performed.
The nitrogen fertilizer efficiency indicator estimated on the basis of grain, protein and energy
yields (UFL), according [1, 22, 23, 24] where:

Nitrogen harvest index (NHI) (%) ± ratio of
nitrogen uptake in grain to total above ground plant
N.
The data were analyzed statistically, using the
analysis of variance (ANOVA) of a Statistica software 9.0. Treatments¶ means values over the years
were compared using Duncan¶V WHVW at 0.05, 0.01,
0.001 probability levels. In bi-cropping system,
wheat on legume living mulch, correlation coefficients between the percentages of white clover and
nitrogen utilization efficiency were calculated.
Curves of regression between significant dependences were plotted.

RESULTS
Traditional tillage system significantly affected the grain yields (56.5% higher compared to the
results with no-tillage and 85.7% more than in bicropping) (Tab. 1). The differences observed with
straw yield also were higher by 34.3 and 13.7%,
respectively. The grain yield significantly depends
on fertilisation dosses increasing (Tab. 2).
The yield dynamics tendency at over 60 kg
N·ha-1 was similar and amounted at 11-12% for
each 30 kg of N dose increases. It was higher only
at the dose of 30 kg N·ha-1, that the yield amounted
at 137% of the yield from control. The UFL yield at
TT method was 57% higher with NS and 86% than
in NWC system. The UFL units dependence on N
doses increasing.
Nitrogen content of the wheat grain harvested
from wheat grown on white clover living mulches
was 0.21 p.p. (percentage points) higher than that
obtained from no-tillage and 0.23 p.p. higher than
from traditional tillage system. White clover enhanced nitrogen content in the straw, which was
0.50 p.p. higher as compared to the data from NS
and 0.68 p.p. higher than in the TT system.

Nitrogen utilization efficiency (NUtE) presented in kg · kg-1 ± ratio of grain, protein or UFL
yield to N accumulation.
Agronomic efficiency (AE) presented in kg ·
kg-1 ± ratio of grain, protein and UFL yield increment influenced by N fertilizer (yield gained with
Nx ± yield gained with N0) to applied N at Nx.

TABLE 1
Dry matter, grain, straw yield (t · ha-1) protein yield (kg · ha-1) and energy yield (unit for lactation UFL)
depending on tillage system. Average from years 2011-2014

Grain yield t · ha-1
Grain nitrogen content (% D.M.)
Straw yield t · ha-1
Straw nitrogen content (% D.M.)
Grain energy yield (UFL · 1000 ha-1)
Grain protein yield kg · ha-1
* Significant at 0.05 probability levels.
** Significant at 0.01 probability levels.
*** Significant at 0.001 probability levels.
n.a. no analyse

NWC

NS

2.52a
2.26
2.27b
1.32
3.02a
306a

2.99b
2.05
1.92a
0.82
3.58b
330a
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Tillage methods
TT
4.68c
2.03
2.58c
0.64
5.62c
534b

Significance
***
n.a.
***
n.a.
***
***
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TABLE 2
Dry matter, grain, straw yield (t · ha-1) protein yield (kg · ha-1) and energy yield (unit for lactation UFL)
depending on fertilization. Average from years 2011-2014
0
2.27a
2.00
1.78a
1.01
2.71a
243a

Grain yield t · ha-1
Grain nitrogen content (% D.M.)
Straw yield t · ha-1
Straw nitrogen content (% D.M.)
Grain energy yield (UFL · 103 ha-1)
Grain protein yield kg · ha-1

30
3.12b
1.98
2.20b
0.93
3.74b
329b

Fertilization (N doses kg · ha-1)
60
90
120
3.45c
3.84d
4.29e
1.99
2.19
2.41
2.34b
2.45b
2.51b
0.82
0.83
1.04
4.13c
4.62d
5.17e
367c
462d
550e

Significance
***
n.a.
***
n.a.
***
***

TABLE 3
Nitrogen utilization efficiency (NUtE), agronomic efficiency (AE) expressed on dry matter, grain, protein
yield (kg · kg-1) and energy yield (UFL · kg-1), apparent recovery fraction RF (%), nitrogen harvest index
NHI (%) for wheat dependent tillage methods. Mean for 2011-2014 years
Units
NUtE
AE

FE

RF
NHI

Tillage methods
NS
TT
43.7b
48.9c
43.7b
58.5c
21.0b
31.4c
2.3b
3.8c
25.1b
38.1c
46.5b
51.6b
6.0a
6.0a
56.6b
61.8b
41.1a
62.9b
76.1b
82.9b

NCW
32.0a
38.4a
9.5a
1.3a
11.5a
10.4a
2.0a
13.0a
25.1a
59.9a

kg grain · kg-1N
UFL · kg-1N
kg grain · kg-1N
kg protein · kg-1N
UFL · kg-1N
kg grain · kg-1N
kg protein · kg-1N
UFL · kg-1N
%
%

90

Significance
***
***
***
***
***
***
**
***
***
***

y T T = -0,2818x + 71,703

NUtE in kg of grain

80
70
60
50
40
30

y NS = 0,1405x + 48,062

20
10

y NCW = 0,9031x + 15,652

0
0

20

40

60

\LHOGKNJKD

80

100

-1

FIGURE 1
Relationships between grain yield (hkg·ha-1) and nitrogen utilization efficiency (NUtE) expressed in
UFL·kg-1 N. Means from 2011-2014 years
as compared to NWC (Tab. 3). The highest UFL
per kg of nitrogen was obtained in TT were more
by 11.9 and 52.8% for NS and NWC system respectively. Nitrogen fertilisation had a positive
effect on NUtE, expressed in UFL per kg N than on
the efficiency expressed in biomass units.
The correlations of grain yields and NUtE were
different (Fig. 1). A significantly positive effect of

Together with the grain yield, the highest total
protein yield was observed in TT ± 534 kg · ha-1 i.e.
204 and 228 kg from 1 ha more than in the NS and
NWC systems, respectively.
The highest nitrogen utilization efficiency was
observed in the TT method, in which grain yield per
1 kg of applied nitrogen was 48.9 kg per 1 kg N and
by 11.9% higher than that in NS and 52.8% higher
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grain yield on NUtE was found on NWC (slope
0.9031) and positive on NS system (slope 0.1405).
In TT (slope -0.2818), the increase of grain yield
reduced the nitrogen utilization efficiency. It was
found that the N rates not exceeding 60 kg per ha
ensured similar nitrogen utilization efficiency Increasing the doses up to 90 and 120 kg of N per ha
significantly decreased this index.
The agronomic efficiency (AE) obtained in the
traditional method was 49.5% higher than compared to that obtained in NS and over 3-fold higher
than compared to NWC. The efficiency expressed
in protein, showed the differences of 65.2% and
almost 3-fold increases, while UFL was 51.2% and
almost 3-fold higher, respectively. The AE efficiency significantly decreased as a result of fertilisation

with N when it was expressed as the grain yield and
UFL per kg of nitrogen fertiliser dosses growth. At
the increasing of rate from 0-30 to 0-120 kg N·ha-1,
the AE value decreased by 41% (Tab. 4). The influence of fertilising with N on AE expressed in kg
total protein per kg nitrogen was insignificant.
All methods of wheat cultivation had a positive correlation between the grain yield and agronomic efficiency (Fig. 2). When NS system was
used, the regression best described the relationship
between the grain yield and agronomic efficiency.
On average, the increment in grain yield given in
hkg·per ha increased - AE by 0.65 kg of grain per
kg of N. In the TT system, this dependence was
lower and averaged 0.40 kg of grain per kg of N.

TABLE 4
Nitrogen utilization efficiency (NUtE), agronomic efficiency (AE) expressed on grain, protein yield
(kg · kg-1) and energy yield (UFL · kg-1), apparent recovery fraction RF (%), nitrogen harvest index NHI
(%) for wheat dependent fertilization. Mean for 2011-2014 years
Units
0
41.1ab
49.1ab
68.9a

kg grain · kg-1N
UFL · kg-1N
kg grain · kg-1N
kg protein · kg-1N
UFL · kg-1N
kg grain · kg-1N
kg protein · kg-1N
UFL · kg-1N
%
%

NUtE
AE

FE

RF
NHI

30
43.9b
52.4b
28.7b
2.9a
34.3b
45.0a
4.8a
54.0a
47.0a
72.2a

Fertilization (N doses kg · ha-1)
60
90
120
44.4b
41.2ab
36.9a
53.1b
49.6ab
44.5a
19.7ab
17.4a
16.9a
2.1a
2.4a
2.6a
23.6ab
21.2a
20.5a
32.8a
33.6a
33.3a
2.9a
5.2a
5.6a
39.2a
41.1a
40.8a
34.8a
39.4a
50.9a
74.0a
75.4a
74.4a

Significance
*
*
*
n.s.
*
n.s.
n.s.
n.s.
n.s.
n.s.

100
80

-1

A E grain kg N

60
y NCW = 0,5786x + 1,9453
40
y NS = 0,6466x - 0,195
20
y TT = 0,3987x - 1,0823
0
0

10

20

30

40

50

60

70

80

-20
-40

\LHOGKNJKD -1

FIGURE 2
Relationships between grain yield and agronomic efficiency (AE) (kg grain·kg-1 N) on different tillage
methods. Means from 2011-2014 years
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TT and almost three-fold higher in NS system. At
grain maturity, this index was 25.1 in case of NWC,
41.1 in NS and 62.9 in TT system respectively. [30]
did not found any significant differences in the
apparent recovery fraction between the cultivation
systems, but increasing N rates decreased this parameter from 24.2% (50 kg N per ha-1) to 18.8%
(150 kg of N per ha-1). [18] did not find any significant impact of N fertilizer rates on apparent recovery fraction. The RF value was higher (from 34.8 to
50.9), but did not show any relations to the N dose.
According to [31], [18] N fertilizer applied at
the ear emergency stage improved grain protein
content. Improvements of the recovery of soil nitrogen, of nitrogen from fertiliser as well as improvements of N harvest index and reducing grain
protein content seem beneficial in reducing N requirements of wheat. [32] adopted a new term HYLO ± High Yield, Low N Optima varieties which
described feed variety. On the other hand, [33]
reported that NHI is correlated with grain protein
content and thus with the grain nutritional quality of
bread varieties. Fertilisation with nitrogen should
take into account the demand of specific varieties
and their use. Our results indicated that NHI of
wheat significantly depends on tillage methods
only. A significantly lower value of NHI was observed in NWC system (59.9%) as compared to
other tillage methods. [18] reported that NHI in
wheat cultivated in monoculture was significantly
different than in crop rotations. The results obtained
by [34] indicated that NHI was affected by crop
rotation and ranged from 65.5% (wheat as a previous crop) to 72.8% (potatoes as a previous crop).
[35] reported that grain N uptake was correlated
with protein content and total N uptake.

Recently grain nitrogen analysis can be used
for monitoring N management for wheat. Protein
grain content ranged from 1.60 at 0 kg N·ha-1 to
2.30% at 300 kg N·ha-1, an average grain N concentration at the optimum (156 kg N·ha-1) N fertiliser
doses was 2.02% [25]. The N content in the analysed experiment was higher and ranged from
1.98% at a dose of 0 kg N·ha-1 to 2.41% when fertilization was increased to 120 kg N·ha-1. The average content of nitrogen in grain in the NWC system
was 2.26% and it 0.21 p.p. higher than in NS and
0.23 p.p. higher than in TT system. Higher content
of nitrogen in grain was obtained in NWC, as result
of better synchronisation of the demands for nitrogen with the nitrogen availability. [26] report that
on bi-cropping system decomposition of clover
residues and fixing of nitrogen by symbiotic bacteria affect on better nitrogen availability during
crops growing.
The fodder value of of straw was not analysed,
was not taken into account in determining the NUtE
efficiency at grain maturity. [27] reported that straw
yield, N concentration in straw and also N amount
in stubbles and roots are often not measured.
In the study conducted by [22], NUtE calculated for the yield of grain ranged from 36 to 55 kg of
grain per kg N. At present study NUtE ranged from
32.0 to kg grain per kg of nitrogen (for NWC system) to 48.9 kg grain · kg-1 N (TT system). Nitrogen derived from the decomposition of clover biomass may contribute to subsequent crop N uptakes
and may help enhance the nitrogen efficiency [27].
The method of cultivation had a significant influence on agronomic efficiency expressed both in
metrical units, as well as in units including the
quality parameters of biomass produced. For NWC
system, the AE was lower than in NS and TT systems, respectively by 54.8, 69.7 for grain yield;
43.5, 65.8 for protein yield and 54.2, 69.8% for
UFL yield. [18], [28] reported that AE was decreasing with increasing N rates. The results obtained by
[18] show that agronomic efficiency ranging from
9.0 to 9.3 kg of grain per kg of N. Higher values
(from 8.4 to 23.5 kg of grain per kg of N) were
reported by [28] and by [29]- from 16 to 38.4 kg of
grain per kg of N. The data obtained in our studies
also showed grain yield and UFL, were decreasing
with increasing N rates, but the differences were
statistically significant. The AE decreased from 28.7
kg grain per kg N when fertilisation was increased
(from 0 to 30 kg N·ha-1) to 16.9 kg grain·kg-1 N,
when the N dose increased from 90 to 120
kg N·ha-1. The increase was not only observed in
the yield gain, but also in its quality (protein yield).
The highest RF index was observed when
wheat had been treated with 120 kg of N per ha. At
milk-dough stage, in NWC system apparent recovery fraction was 15.2%, but it was twice higher in

CONCLUSIONS
The efficiency of fertilisation is usually expressed in physiological and agronomic values.
However, the range of units in which they are presented, should be modified. The results presented in
this article showed that, apart from using metrical
units (kg grain), the efficiency of fertilisation may
be presented in different values referring to the
quality of yield. That is why the efficiency of fertilisation was expressed in kg protein and UFL. The
use of indices which are of universal character
allows to compare the value observed between
different species.
Nitrogen fertilizer treatments were most effective in the TT system, with the highest grain yields.
NWC system reduced nitrogen fertilization efficiency expressed in each parameter determined.
The white clover at NWC could have influenced the
nitrogen availability and efficiency of biological
nitrogen resources.
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N fertilizer treatments at the wheat ear emergency stage decreased the agronomic efficiency,
expressed in grain yield and dry matter. Agronomic
efficiency (AE) determined in relation to protein
yield, shows AE increasing.
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term hyperoxia [2]. Excessive oxygen supplemantation also has been shown to reduce lifespan and to
induce a similar level of gene synthesis products
about aging and oxidative damage [3], increase reactive oxygen species (ROS) and alter cellular metabolism [4].
There are different cell types in kidney nephron
in point of biochemical, functional and morphological characteristics [5, 6]. These cells demonstrate
different reactions to some chemicals [7]. Experimental studies have shown that immature kidney tissues which directly exposed to hyperoxic environment leads to oxidative stress, and it has a very important role in the formation of hyperoxia induced
kidney injury. Administering supplemental oxygen
yields toxic effects on the glomerulus and proximal
tubules of the kidney and causing renal damages. Renal tubular necrosis, interstitial inflammation and renal corpuscles are seen during the perinatal period
[8]. Oxidative stress in hyperoxia condition was detected in rabbit kidneys and shown that causing the
first effect of kidney oxygenation.
Reactive oxygen species (ROS) have harmful
effects on biological cell membrane [9]. They can
destroy the balance between radicals and antioxidant
defence mechanisms. It was reported that superoxide
radical (O2-), hydrogen peroxide (H2O2) and hydroxyl radical (OH.) cause toxicity in cell because of
their high oxidizing potentials [10-12]. MDA is a indicator of lipid peroxide (LPO) and occur during peroxidation of polyunsaturated fatty acids and increases in cell content. SOD, CAT, GPx and GST are
intracellular antioxidant enzymes and exterminate
reactive oxygene species under physiological conditions, hereby they protect the cell against the antioxidative stress. Administration of any stress on human, causes increase in the MDA levels and decrease in the enzyme activities that playing an integral role in cell defense [13].
A number of xenobiotics and production of
their free radicals have a damaging effect on cell
DNA. This damage can be obtained usually from
single and/or double stranded DNA breaks. It can be
measured with comet assay which also called as Single Cell Gel Electrophoresis (comet) assay. This
technique is a very fast and sensitive for the determination of DNA damage in each cell of plant and

ABSTRACT
The object of this work was to search the
effects of hyperoxia and preventive effect of gelsolin
on neonatal rat kidneys by analyzing activities of
antioxidant enzymes, MDA levels, DNA damage
and light microscope examination. Animals were
grouped into four (10 animals in each) where the first
was served as a control, second was served as a
hyperoxic control group ( 22), whereas the
remaining gelsolin groups were treated with gelsolin
(10 ng/kg bw/day gelsolin), and a combination of
gelsolin and hyperoxia for 7 days. Changes in
malondialdehide levels, activities of antioxidant
enzymes, tail DNA%, and tail length indicating
DNA damage and histopathology of kidney were
evaluated. Hyperoxia increased the level of MDA
and decreased enzyme activities compared with
control significantly. Tail DNA%, tail length and
moment statistically changed in hyperoxia treated
groups when compared to gelsolin and control
groups. Atrophy, glomerular lobulation, hemorrhage
and tubular degeneration were detected as
histopatholo-gical changes LQ SXSV¶ NLGQH\ XQGHU
hyperoxic condition. Gelsolin caused increases in all
anti-oxidant enzyme activities and decreases in
MDA contents. As for the pathological and DNA
structure studies, hyperoxia treatment group have
proven changes. Gelsolin supplementation was
protective
against
hyperoxia
caused
histopathological changes. But it was not protect
completely.

KEYWORDS:
Gelsolin, histopathology, hyperoxia, kidney, lipid peroxidation

INTRODUCTION
Infants especially premature babies often need
to supplemental oxygen for respiratory disorders.
Oxygen provided to newborns has beneficial effects
but adverse effects can also be seen [1]. Severe retinal damage, repiratory illness, cardiovascular disease and cerebral palsy were seen during the long
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control group were keept in room condition. Animals in gelsolin group were admistrated 10 ng/kg bw
/day gelsolin and hyperoxic control group were administered 22. Animals in hyperoxia+gelsolin
JURXSZHUHDGPLQLVWHUHGO2 with 10 ng/kg bw
/day gelsolin and they were fed together with their
mothers and oxygen level was monitored often in the
chambers. CO2 in the environment was absorbed using soda lime. Mothers were rotated between hyperoxia and normoxia groups in every 24 h. All pups
were sacrificed by combination of ketamin+xylazin
and dissected at the end of experiment and kidney
samples were collected.

animal [14]. This damage can cause carcinogenesis
or chromosomal aberrations that lead to cell death,
micronuclei, sister chromatid exchanges formations
and mutations [15].
Gelsolin work together with calcium and arrange function of actin protein in the circulating system of healthy human [16]. It connect to actin and
formed caps around the DFWLQ ILODPHQW¶V JURZLQJ
end, and nucleation occur, and disconnect the actin
filaments [17]. It has been shown that gelsolin
amount decrease in various cancers, such as lung,
prostate and breast cancer [18-20]. Previous studies
shown that synthesis of gelsolin increase under oxidative stress condition in the cell because of its antioxidant properties [21].
Animal studies have demonstrated that hyperoxia can cause oxidative stress in some bodies of
infants. 3UHPDWXUH LQIDQWV¶ GLVHDVHV DUH DVVRFLDWHG
with activity of gelsolin during the long-term period.
The effect of hyperoxia exposure on the kidney parameters unknown. However, currently there is no
obtainable knowledge considering the protective effects of gelsolin against hyperoxia-induced nephrotoxicity in the neonatal rats. For this reason, the
purpose of this work was to find the nephroprotective and anti-oxidative role of gelsolin on hyperoxia
induced nephrotoxicity models in neonatal rats. To
do this, we analyzed the potency of gelsolin on superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione-S-transferase
(GST) activities alongside on malondialdehyde
(MDA) levels, that are significant oxidant and antioxidant indicators in the improvement of renal damage. Further, the capability of gelsolin in the pathologic and DNA structure changes were demonstrated, too.

Biochemical analysis. After dissection the sodium phosphate buffer (pH 7.2) was used for washing the kidney tissues, then tissue were homogenized
for 3 min with a homogenizer and centrifuged for 15
min at 4°C.
Content of MDA was analyzed via the test of
thiobarbituric acid as clarified by Ohkawa et al. [22].
MDA reacts with thiobarbituric acid and forms a colored complex. At 532 nm absorbance was determined. Level is defined as nanomoles/ milligram of
protein.
SOD activity in kidney tissue was established
according to the Marklund and Marklund¶V method
[23] via measuring the autooxidation of pyrogallol at
440 nm for 3 min. One unit of activity of SOD was
determined as the amount of protein that caused 50%
pyrogallol autooxidation inhibition. The SOD activity is stated as units per miligram of protein.
For measuring of the CAT activity, kidney tissues were diluted with Triton-X-100. Activity of
CAT was analysed at 240 nm by Aebi¶VPHWKRG [24]
via measuring the hydrolysis of hydrogen peroxide
and the resultant decrease in absorbance in 3 min.
Activity of CAT is pointed out as millimoles of hydrogen peroxide decreased/min/mg of protein.
Enzyme activities of GST of kidney were analysed by determination of the generation of glutathione and the 1-chloro 2,4-dinitrobenzene conjugate
[25]. Increments in absorbance were stated at 340
nm. The enzyme is represented as unit of glutathione
1-chloro 2,4-dinitrobenzene conjugate formed per
minute per milligram protein.
GPx activity was analysed via hydrogen peroxide as substrate by the method of Paglia and Valentine¶V ZRUN [26]. The reaction was followed as the
oxidation of NADPH at 240 nm. Activity of GPx
was pointed out as milli moles of NADPH consumed/min/mg of protein.

MATERIALS AND METHODS
Chemicals and Animals. Wistar albino strain
rat pups were used for the experiment, aged 0 days
(new borns). The animals were acclimated to 18-22
ÛC and light and dark periods were maintained
(12h/12h), with mothers for breastfeeding to them.
The pups were placed in plastic cages inside a wellventilated room. The state authorities approved the
experiments and ethical guidelines were followed on
the care and use of animals. The protocol used in this
study was endorsed by the Erciyes University Animal Experiments Local Ethics Committee (14/95).
Gelsolin and all other chemicals were obtained
from Sigma Company. All chemicals and reagents
were used of analytical grade. Gelsolin was administrated via intraperitoneally injection.

Determine of protein concentration. The protein concentration of samples were calculated according to method of Lowry et al., [27] and bovine
serum albümin was used as a standard.
Comet assay. Kidney tissues were transferred
into RPMI 1640 and centrifuged for 5 min. after the
incubation, and PBS was added obtained

Experimental groups and protocol. Experimental period was 7 days. The pups were distributed
into four experimental groups. Each group consisted
10 pups in the beginning of the study. Animals in
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(0.65%) was added in treated cells. Using precoated
slides with normal melting point agarose (0.65%)
were quickly layered with cell suspension and closed
with coverslip and they were placed at +4 oC for 30
min. Cold lysing solution was prepared with 2.5 M
NaCl, 100 mM EDTA, 10 mM Tris and 1% Triton
X-100. After solidification, slides were immersed in
lysing solution at 4 oC for 1 h and then the slides
were placed on a horizontal gel electrophoresis platform that covered with electrophoresis buffer (300
mM NaOH, 1 mM EDTA pH:13) for 20 min to allow
the unwinding of the nuclear DNA [28], followed by
electrophoresis at 25 V for 20 min in the same alkaline buffer at 4°C. The slides were then washed with
neutralizing buffer (0.4 M Tris-HCl buffer, pH 7.5).
They were stained with ethidium bromide (2 μg/ml)
by spreading 100 μl staining solution and covered
with a cover slip and allowed to dry.

Fresenius Environmental Bulletin

DNA% and lenght it could be accepted as DNA
damage is higher level compared other groups [29].
Histological examination. For histological research, kidney tissues were fixed in 10% neutral formalin. Tissue samples were processed via graded
ethanol series and then they were embedded in paraffin. Sections of pDUDIILQZHUHFXWLQWRȝPE\XV
ing microtome (Leica RM2255). Slices were stained
with hematoxylin and eosin dye. The sections were
viewed and photographed with a light microscope
(Olympus BX51, Tokyo, Japan) with an attached
camera (Olympus E-330, Olympus Optical Co. Ltd.,
Japan). From each tissue, 10 slides were confected.
All slides were qualified for the degree of kidney
damage. Each section was investigated and determined for intensity of pathologic changes [none (-),
moderate (+) and severe (++) damage].
Statistical analysis. Statistical significance of
the control and experimental groups was evaluated
by SPSS 20.0 (ANOVA and Tukey). Comparison
was made between control and experimental groups
in pups kidney. SOD, CAT, GST and GPx activities
and MDA levels, DNA damage p < 0.05 were considered to be significant.

Assesment of kidney DNA damage by image
analaysis. BS 200 ProP with software comet analysis were used for all measurement (BS 200 ProP,
BAB Imaging System, Ankara, Turkey). The tail
DNA%, length and moment of DNA were calculated
for six slides. All procedure were carry out at least
six times. If there are higher level percentage tail

FIGURE 1
Preventive effects of gelsolin against hyperoxia on;
A: CAT activities (mmol/mg protein); B: GPx activities (mmol/mg protein); C: GST activities (U/mg protein); D: SOD activities (U/mg
protein); E: MDA levels (nmol/mg protein) in kidney of pups. Each bar represents mean±SD (Significance at P<0.05). Columns superscripts
with different letters are significantly different.
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group. In hyperoxia treated group we observed a significant increase compared with control group. Levels of MDA decreased in hyperoxia+gelsolin treated
rats compared with hyperoxia group.

RESULTS
Antioxidant Enzyme Activity Results. Antioxidant enzyme (SOD, CAT, GST and GPx) activities did not change in gelsolin treatment group compared to the untreated group but they showed a significant decrease in hyperoxia and hyperoxia plus
gelsolin treated groups compared with the control
group p < 0.05 (Fig. 1A-D) whereas enzyme activities showed a significant increase in treated hyperoxia with gelsolin group versus untreated group.
In hyperoxia treated group we observed a significant
decrease compared with control group.
MDA level results. MDA levels showed a significant increase in hyperoxia treated groups compared with the control group p < 0.05 (Fig. 1E).
Moreover, treated hyperoxia with gelsolin group
showed a significant decrease versus untreated

Histopathological results. Control and gelsolin treatment rat kidney section showed normal
kidney structure consisting of healthy glomerulus,
proximal tubules and distal tubules (Figs. 2A-B).
Histopathological examination of hyperoxia treated
rat kidney showed severe pathological alterations
manifasted by disorganization, atrophy, glomerular
lobulation, hemorrhage, tubular degeneration and
edema (Figs&' ([DPLQDWLRQRISXSV¶NLGQH\
treated with hyperoxia+gelsolin showed to great extend improved sections represented by less atrophy
and edema with degenerative changes in kidney (Fig.
2E). Scores of histopathological changes were given
in Table 1.

FIGURE 2
Kidney sections of control pups (A) and gelsolin treatment group (B) were observed in normal structure
x400. (G), Glomerulus (P), Proximal tubules (D), Distal tubules Kidney sections of hyperoxia treatment
group (C, D) and hyperoxia plus gelsolin treatment group (E) showing disorganization (À
À DWURSK\ ĺ 
JORPHUXODUOREXODWLRQ ĹĹ +HPRUUKDJH S) tubular degeneration, (Z) edema x400.
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TABLE 1
Grading of the histopathological changes in the kidney sections
Groups
Pathology
Atrophy
Glomerular lobulation
Hemorrhage
Tubular degeneration
Edema

Control

Gelsolin

Hyperoxia

Hyperoxia+Gelsolin

-

-

++
++
++
++
++

+
+

Scoring was done as follows: (-) none, (+) moderate, (++) severe

FIGURE 3
Comet assay result in rat pups kidney exposed to hyperoxia and/or gelsolin (a) control group, (b) gelsolin
treatment group, (c) hyperoxia treatment group, (d) hyperoxia plus gelsolin treatment group
TABLE 2
Measuring tail DNA%, tail length and tail moment of comets for DNA damage (±SD) in rat pups kidney
exposed to hyperoxia and/or gelsolin with mean values of by image analysis
Chemicals
Control
Gelsolin
Hyperoxia
Hyperoxia+gelsolin

Tail DNA%
Mean±SD
65.24±3.12a
73.12±4.25a
99.75±15.12b
82.34±12.23c

Tail lenght
Mean±SD
15.32±2.42a
19.12±3.14a
45.5±3.28b
38.82±6.25c

Tail moment
Mean±SD
9.96±0.07a
13.99±0.14a
45.38±0.49b
31.96±0.76c

Superscript letters indicate significant differences among H[SRVHGWRGLIIHUHQWFKHPLFDOVLQSXS¶VNLGQH\FHOO
Significance at p < 0.05.

control group but hyperoxia-induced DNA damage
was ameliorated by gelsolin in the hyperoxia+gelsolin treatment group. Hyperoxia treatment group
was demonstrated statistical differences compared
other groups.

Comet assay results. DNA damage in the kidney cell of pups was seen Fig. 3 and Table 2 induced
hyperoxia and/or gelsolin. Tail DNA%, tail length
and moment statistically changed in hyperoxia treatment groups when compared to gelsolin and control
groups. These parameters did not change statistically
in the gelsolin treatment group compared with the
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significant differences in DNA damage between
groups are presented in Table 2 when a cell is exposed to hyperoxia, a significant increase of DNA
damage was observed in the kidney cells. The application of gelsolin can lead to decreased tail DNA%,
tail lenght and moments in hyperoxia plus gelsolin
treatment group. There is no statistical significance
between treatment groups in DNA damage of gelsolin treatment and control group (P < 0.05).
In our study, MDA level was lower and antioxidant enzyme activities were higher in the gelsolin
treated group as compared to the control group. Also,
protective effect of gelsolin were seen under hyperoxia caused increasing in MDA levels and decreasing activities of enzymes. However, significant
alteration was not found in pathological results between gelsolin treated group and control group. But
according to histopathological data between hyperoxia and hyperoxia+gelsolin treated rats, gelsolin
reduced hyperoxia caused pathological changes. In
the present study, administration of gelsolin for 7
days revealed reduction of nephrotoxicity in pups.

DISCUSSION
Very low birth weight infants needs oxygen
supplementation for a long time after birth [30] and
take various oxygen therapies. Middle of oxygen
level such as 40% is given for medical intervention
because of beneficial for patient outcome but higher
level of 100% oxygen may induce harmful side effects [31]. Many organs of rats and mice may influence from hyperoxia in point of synthesis and activities of some proteins [32-34]. If there is hyperoxiainduced changes in lung, liver, kidney injury is unavoidable [32, 35, 36]. Hyperoxia studies have shown
that it increases oxidative stress and adversely affects glomerular and tubular maturity in neonatal human and animal [8]. 3UHVHQWO\O2 is accepted
excessive oxygen by authority [31] and not known
to be toxic therefore this O2 level was used in this
work to see cytotoxic effects on rat pups¶ kidney. In
WKLVVWXG\ O2 that is generally using regimens
for oxygen therapies was given to the pups for show
of antioxidative enzyme activities, MDA levels, protein content, histology and kidney DNA damage
with 10 ng/kg bw/day gelsolin.
The newborns may not overcome free radical
because of exceed poor antioxidant capacity with
sensitive rapidly growing tissues [37, 38]. Luckily,
the harmful effects of free radicals can be ameliorated via intrinsic and extrinsic antioxidant compounds [38]. The ROS is generated during normal
cellular process and is immediately detoxified by
CAT, SOD, GPx, GST. Therefore it has an important
role because of reducing lipid hydroperoxides to
their corresponding alcohols and free hydrogen peroxide to water [39]. If amount of ROS increase in the
cells, antioxidant status change to imblance and in
this manner lipid peroxidation occurs and antioxidant enzymes depletion, protein denaturation and
DNA damage occurs [33, 40, 41]. Herein, results of
the present study shown that hyperoxia administration is lead to lipid peroxidation increase and directly
result with free radical damage in membrane components of the cells. Gelsolin treatment (10 ng/kg
bw/day) for 7 consecutive days, starting with hyperoxia treatment, ensured a significant keeping
against hyperoxia induced changes in antioxidant
enzymes activities by restoring them to normal.
Oxidative stress is seen in pathological conditions and cellular injuries. Imbalance of cell in terms
of oxidative stress may cause to damage organic
molecules such as DNA, lipids and proteins [42].
The role of antioxidants is to neutralize an excess of
free radicals, to contribute to disease prevention, and
to protect the cells against the toxic effects of oxidants, such as deoxyribonucleic acid (DNA) mutations and malignant transformations [43]. In present
study, the effect of hyperoxia on DNA damage was
assessed by the single-cell gel electro-phoresis
(comet assay) and one-hundred comets were analysed on six slides per each group. The observed

CONCLUSIONS
On the basis of results of this work we can say
that hyperoxia at 85% oxygen induced nephrotoxicity in pups. Also, the results of this work showed
that gelsolin is helpful for the nephrotoxicity. These
results show that 10 ng/kg bw/day gelsolin significantly eliminate the kidney damage that induced by
hyperoxia. Therefore, gelsolin may be useful for the
prevention of kidney damage.
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EFFECT OF SUCCESSIVE TWO YEARS TREATED SEWAGE
SLUDGE APPLICATIONS ON CORN AND SECOND CROP
WHEAT YIELD AND SOME SOIL PROPERTIES OF SANDY
CLAY SOIL
Ali Riza Ongun*, Sezai Delibacak
Ege University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, 35100 Bornova, Izmir Turkey

Treated Sewage Sludge (TSS) is an ultimate product
of municipal wastewater treatment plant and highly
enriched in OM. Sewage sludge as an uncalled for
product of wastewater treatment proses the challenge
to society of disposing of it, but at the same time
gives us the opportunity of beneficial use by closing
the cycle of nutrients: sludge derived from agricultural activity must return to soil if a sustainable and
ecologically sound management of these materials is
desirable [1]. At present the major ways of disposing
of sewage sludges are deposition, landfill and incineration, only part of the sludges are used in agriculture. Where sludge is to be used on land, it is usually
stabilised by mesophilic anaerobic digestion, or aerobic digestion and then treated with polymers and
mechanically dewatered using filter presses, vacuum
filters or centrifuges. Other treatment processes for
sludge going to land include long-term storage, conditioning with lime, thermal drying and composting.
As municipalities upgrade waste water treatment
systems and public opinion and legislation discourages disposal of organic materials in landfills, biosolids are projected to become increasingly available
for agricultural use. Organic materials can differ
considerably in terms of the extent to which they increase soil organic matter contents and alter soil
physical and chemical properties [2]. Sewage sludge
may contain significant amounts of N, P and trace
elements. The use of sewage sludge has been recommended to improve the chemical and physical properties of soil [3, 4]. The beneficial effects of using
sludge on agricultural soils have been proven by numerous researchers [3, 5, 6, 7, 4, 8, 9, 10, 11]. The
use of biosolids as agricultural soil amendments and
fertiliser replacements is also relatively well researched [12, 13, 14, 15] and fertiliser advice is
available for these materials [16]. TSS contains macronutrients and trace elements. These attributes potentially make TSS an excellent fertilizer at very low
cost for agricultural land in Turkey which is generally rich in lime, low in OM. However, special care
should be taken with respect to micronutrients and
heavy metals so as not to introduce excessive
amounts of these elements, which could have an adverse effect on the environment, especially when soil
is acidic [15, 17, 18]. The purpose of this work was

ABSTRACT
In this study, effect of successive two years
treated sewage sludge (TSS) applications on corn
and second crop wheat yield and some soil properties
of sandy clay soil (Typic Xerortent) were investigated. The field study was conducted in 20 parcels
in a randomized-block design with four repetitions
and five different applications including control,
mineral fertilizer, treated sewage sludge 12.5 t.ha -1,
25.0 t.ha-1, 37.5 t.ha-1 as dry matter during 20112012 in Menemen-ø]PLU7XUNH\ Corn (Zea mays L.
var. ZP 737) and wheat (Triticum durum L. var. Ege
88) were sown as the first and second crop respectively. During the experiment, soil samples were
taken five times in two years. Successive two years
increasing TSS applications to sandy clay soil resulted in significantly increased total biomass and
grain yield of corn according to the control. The
highest grain yield of wheat as second crop was
found with the highest TSS application. Increasing
TSS applications were significantly increased total
N, plant available P and K, total salt, CaCO3, OM
content and CEC of sandy clay soil as average of 5
sampling periods. However, It was found that, there
is no statistical relationship between TSS levels and
pH values of soil samples of 1st, 2nd, 3th and 5th
periods when compared with the control. It can be
recommended that 37.5 t.ha-1 TSS as dry matter can
be added for improving plant nutrients and soil properties of sandy clay soil under Mediterranean climate, which are characterized by low OM content
and high pH.

KEYWORDS:
Corn, Sandy clay soil, Sewage sludge, Soil properties,
Wheat

INTRODUCTION
Agricultural recycling of organic wastes is an
interesting solution since it enables a reduction of the
quantities of mineral fertilizers applied and an improvement of organic matter (OM) content of soil.
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experiment was obtained from the wastewater treatment plant of Metropolitan Region, Izmir city. It
may produce around 600 t (moist basis) sewage
sludge per day. Calcium oxide (CaO) was added to
raise the efficiency of the dewatering process of sewage sludge (SS). In addition, the SS produced presented a pH varying between 10 and 13, what increased the pathogen control and decreased the
heavy metal availability by added calcium oxide.
TSS was added to the experimental soil under investigation at the rates of 12.5 t.ha-1; 25.0 t. ha-1; 37.5
t.ha-1 as dry matter on July 14, 2011. Also 150 kg N,
150 kg P2O5, 150 kg K2O ha-1 (1000 kg ha-1 15.15.15.
composed fertilizer) were applied to the only mineral
fertilizer parcels at the same time and mixed with
soil to 15 cm depth by rotary tiller. Control parcels
were not treated. Corn grains were sown with seeding machine on rows 18 cm and in rows 70 cm apart.
Drip irrigation was provided when required. Harvest
of corn was done manually on November 17, 2011.
Wheat grains were sown with seeding machine on
November 22, 2011 to 5 cm of soil depth as second
crop. Also 80 kg N ha-1 and 80 kg P2O5 ha-1 (400 kg
ha-1 20:20:0. composed fertilizer) were applied only
to the mineral fertilizer parcels at the same time and
mixed with soil to 15 cm depth before wheat seeding.
Wheat was harvested with machine on July 10, 2012.
Second year, again TSS was added to the experimental soil under investigation at the rates of 12.5
t.ha-1; 25.0 t. ha-1; 37.5 t.ha-1 as dry matter on July
14, 2012. Also 150 kg N, 150 kg P2O5, 150 kg K2O
ha-1 (1000 kg ha-1 15.15.15. composed fertilizer)
were applied to the only mineral fertilizer parcels at
the same time and mixed with soil to 15 cm depth.
Corn grains were sown with seeding machine on July
+DUYHVWRIVHFRQG\HDU¶VFRUQZDVGRQHE\
hands on November 1, 2012.

to evaluate the effect of successive two years municipal TSS doses applications on the corn and second
crop wheat yield and N, P, K content and some soil
properties of sandy clay soil during five different periods in two years.

MATERIALS AND METHODS
Experimental site. The experiment was conducted at the research field of Aegean Agricultural
Research Institute in Menemen plain, Izmir, Turkey
ƍƎ-ƍƎ1
ƍƎƍƎ(  The experimental site is in the
Western Anatolia region of Turkey, where the Mediterranean climate prevails with a long-term mean
annual temperature of 16.8 °C. Long-term mean annual precipitation is 542 mm, representing about
75% of rainfalls during the winter and spring, and
the mean relative humidity is 57%. Long-term mean
annual potential evapotranspiration is 1,570 mm
[19]. Twenty five surface soil samples were collected from different areas of the experimental site
from Ap horizon (18 cm) and a mixture of these soils
was used for analysis. Also five TSS samples were
taken and a mixture of these samples was used for
analysis. The investigated soil is characterized by
sandy clay texture with slightly alkaline reaction and
classified as a Typic Xerortent [20]. Some selected
properties and total heavy metal concentrations in
the experimental soil and TSS used in the experiment
are given in Table 1 and 2.
Field experiment. The field study was conducted in 20 parcels in a randomized-block design
with four repetitions, during 2011-2012. The parcel
dimensions were 3 m x 3 m. The TSS used in the

TABLE 1
Some selected properties of experimental soil.
Sand
Silt
Clay
Texture
Salt
CaCO3
Org. matter

(%)
(%)
(%)
(%)
(%)
(%)

43,84
16.44
39.72
Sandy clay
0.165
0.63
1,53

pH
Pb1
Cu1
Zn1
Cd1
Cr1
Ni1

(Saturation paste)
mg/kg (1Total)
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

7.71
16.40
17.28
46.10
0.76
15.00
24.68

TABLE 2
Some selected properties and total heavy metal concentrations of treated sewage sludge
used in the experiment.
EC
CaCO3
Org. matter
Org. C
N1 (1Total)
P1
K1
Ca1
Mg1
Na1

dS/m
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)
(%)

16,35
10,24
70,32
40,79
5,33
1,33
0,68
3,74
0,68
0,59

Fe1
Cu1
Zn1
Mn1
B1
Co1
Cd1
Cr1
Ni1
Pb1

6743

%
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

1,14
268,8
1335
298,6
35,2
14,2
4,1
250,6
115,4
199,4
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TABLE 3
Effect of treated sewage sludge (TSS) applications on total biomass yield of corn grown in sandy clay soil
1st year
2nd year
Average of 1st and
Applications
yield
yield
2nd. year yield
(t.ha-1)
(t.ha-1)
(t.ha-1)
Control
31.65 c1
34.45 c
A2
28.85 b
A
Fertilizer
33.61 c
36.83 c
A
30.38 b
B
*
37.87 bc
44.54 bc
A
31.20 ab
B
**
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
46.44 ab
56.00 ab
A
36.87 ab
B
**
37.5 Mg.ha-1TSS
49.08 a
58.83 a
A
39.33 a
B
**
**
**
**
Significant differences between treatments at 3RU 3level indicated by different letters.
Small letter in column for applications, 2capital letter in row for years.
7XNH\33

1

TABLE 4
Effect of treated sewage sludge (TSS) applications on grain yield of corn grown in sandy clay soil
2nd year yield
Average of 1st and
1st year yield
(t.ha-1)
2nd. year yield (t.ha-1)
(t.ha-1)
1
2
Control
3.31 b
3.66 c
A
2.95 b
A
Fertilizer
4.81 b
6.33 bc
A
3.28 b
B
*
12.5 t.ha-1TSS
5.24 b
6.52 b
A
2.96 ab
B
*
7.60 a
8.73 ab
A
6.48 a
B
*
25.0 t.ha-1TSS
37.5 t.ha-1TSS
8.68 a
11.04 a
A
6.33 a
B
**
**
**
**
Significant differences between treatments at 3RU 3level indicated by different letters. 1Small letter in column
for applications, 2capital letter in row for years.
7XNH\33
Applications

these elements in the extracts were determined by
AAS [28].

Soil sampling and analyses. During the experiment, all soil samples were taken from several different points in the center area (to eliminate the side
effect from each side as 50 cm) of each parcel in 18
cm depth (Ap horizon) in five different periods (1st,
August 11, 2011-3 weeks after sowing of corn; 2nd,
November 17, 2011-after corn harvest; 3rd, July 11,
2012-after wheat harvest; 4th, August 7, 2012-3
weeks after sowing of second year corn; 5th, November 1, 2012- after corn harvest of second year).
The samples were air-dried and sieved using 2-mm
sieve. All analysis were done in these sieved soils.
Particle size distribution of experimental soil was determined by the Bouyoucos hydrometer method
[21]. Total salt, OM concentration, CaCO3, pH, total
P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn, Cd, Cr, Co, Ni,
Pb and B concentrations of TSS were all determined
according to Page et al. [22]. Some properties (total
salt, OM concentration, CaCO3, pH) of the soil were
also determined according to Page et al. [22]. Cation
exchange capacity (CEC) of experimental soil was
determined according to Chapman [23]. Total N content of soil and TSS were determined using a modified Kjeldahl method [24]. Available P in soil was
determined by the Mo blue method in NaHCO3 extract [25]. Available Ca, Mg, K and Na were analyzed with 1N NH4OAc extract method. Ca, K and
Na were determined by flame emission spectrometry
and Mg was determined by flame atomic absorption
spectrometry (AAS) [26]. Fe, Mn, Zn and Cu were
extracted using DTPA (diethylene triamine pentaacetic acid) solution [27]. The concentrations of

Statistical analysis. Data were analyzed using
the Statistical Package for the Social Sciences
(SPSS) version 17 [29]. Tukey test was used to find
if differences in the treatments were significant at
3RU3 [30].

RESULTS AND DISCUSSION
Effect of TSS applications on yield of corn
and second crop wheat grown in sandy clay soil.
Effect of TSS applications on total biomass and grain
yield of corn grown in sandy clay soil are given in
Table 3 and Table 4, respectively. The increasing
TSS rates significantly increased 1st and 2nd year
and average of total biomass and grain yield of corn
in the experiment. Antolin et al. [31] stated that the
yield of barley increased in sludge and mineral
amended parcels in comparison to unamended parcels. This increased grain yield was primarily due to
increased ear number per unit of area. The higher
yields in sludge-treated crops are usually attributed
to an improvement in the soil conditions, by the supply of additional C from the sludge [32, 33]. The
highest grain yield of wheat as second crop was
found with the highest TSS application. Hernandez
et al. [34], Jamil et al. [35], Jamil et al. [36] and
Tamrabet et al. [37] reported that sewage sludge increased the grain yield and straw production of
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Bozkurt and Cimrin [43] determined that sewage
sludge applications increased the total N concentration about five-fold at the highest sludge rate. White
et al. [44] found that N mineralization potentials
were significantly higher at high sludge rates. Magdoff and Amadon [45] estimated that 55% of organic
N in sludge incorporated in soil was mineralized during the first year. Under optimum laboratory conditions at a temperature of 35 °C, 55 to 95% of the organic N was mineralized in a 24-week period. The
rate of mineralization is a function of the amount of
the sludge added to soil. A good N balance is a critical factor in any land application program. Over application of N can result in groundwater contamination. Under application can lead to less than optimum crop yields and consequently to farmer dissatisfaction. It is important that sufficient sludge is applied to obtain optimum crop response without excessive NO3-leaching. Further investigation is
needed to develop more precise methods for balancing N from different sludge types and for varying
soil conditions.
Effect of TSS applications on plant available P
content of sandy clay soil is given in Table 7.

wheat. They mentioned that the maximum yields in
both grain and straw were obtained at 40 Mg ha -1 of
sewage sludge application. Al-Mustafa et al. [38],
Singh and Singh [39], Al Zoubi et al. [40] and AilLQFăL HW DO [41] also mentioned highest increase in
the grain and straw yield of wheat treated with sewage sludge.
Effect of TSS applications on grain yield of
second crop wheat grown in sandy clay soil are given
in Table 5.
Effect of TSS applications on total N, plant
available P and K content of sandy clay soil. Effect
of TSS applications on total N content of sandy clay
soil is given in Table 6.
The increasing TSS rates significantly increased total N concentration of the average of 5
sampling periods of soil compared with the control.
Total N concentration in the soil decreased particularly in the 3th and last (5th) period because of the
plant uptake of N in soil. 4th pHULRG¶VWRWDO1FRQ
centrations of soil samples were increased by second
year application of TSS. Brofas et al. [42] stated that
N concentration increased with sludge applications.

TABLE 5
Effect of treated sewage sludge (TSS) applications on grain yield of second crop wheat grown in sandy
clay soil
12.5
t.ha-1TSS
Grain yield of second crop wheat (t.ha-1)
1.161 b1
1.888 ab
1.697 ab
1
Significant differences between treatments at 3level indicated by different letters.
7XNH\3
Applications

Control

Fertilizer

25.0
t.ha-1TSS
1.961 ab

37.5
t.ha-1TSS
2.233 a

TABLE 6
Effect of treated sewage sludge (TSS) applications on total N content of sandy clay soil
Applications
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

Average of
5 periods
0.076 c1
0.091 bc
0.094 bc
0.113 b
0.147 a
**

1
0.108 b
0.118 b
0.118 b
0.146 b
0.222 a
**

2
A2
A
A
A
A

0.080 b
0.090 b
0.109 b
0.119 ab
0.153 a
**

AB
A
A
AB
B

Soil sampling periods
3
0.081 a
AB
0.092 a
A
0.091 a
A
0.095 a
BC
0.106 a
C

4
0.068 d
0.113 bc
0.101 cd
0.143 ab
0.164 a
**

AB
A
A
A
B

5
0.042 b
0.044 b
0.050 ab
0.062 ab
0.089 a
**

B
B
B
C
C

**
**
**
**
**

Significant differences between treatments at 3level indicated by different letters.
Small letter in column for applications, 2capital letter in row for soil sampling periods.
Total N (%) Tukey: P 0,01
1

TABLE 7
Effect of treated sewage sludge (TSS) applications on plant available (extractable with NaHCO3) P content
of sandy clay soil
Applications
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

Average of
5 periods
32.38 d1
53.89 c
59.22 c
80.31 b
111.97 a
**

1
45.87 d
75.27 c
75.21 c
108.49 b
156.18 a
**

2
A2
A
A
A
A

26.40 c
33.30 c
54.75 b
61.55 b
102.71 a
**

B
C
AB
C
B

Soil sampling periods
3
32.79 c
AB
57.16 ab
AB
44.00 bc
B
55.07 ab
C
75.32 a
C
**

4
32.21 d
59.32 c
68.05 c
93.13 b
119.97 a
**

AB
AB
A
AB
B

Significant differences between treatments at 3RU 3level indicated by different letters.
letter in column for applications, 2capital letter in row for soil sampling periods.
Available P (mg.kg-1) Tukey: 33
1Small
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5
24.64 d
44.39 cd
54.09 c
83.31 b
105.69 a
**

B
BC
AB
B
B

*
**
**
**
**
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TABLE 8
Effect of treated sewage sludge (TSS) applications on plant available K content of sandy clay soil
Applications
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

Average of 5
periods
170.07 c1
204.65 ab
183.31 bc
203.95 ab
224.48 a
**

1
174.84 c
235.45 b
184.16 bc
228.46 bc
298.40 a
**

A2
A
A
A
A

2
168.11 a
202.23 a
172.99 a
185.17 a
192.92 a

A
AB
A
AB
BC

Soil sampling periods
3
4
165.82 a
A
172.55 b
186.30 a
B
218.02 ab
170.96 a
A
204.51 ab
169.46 a
B
223.56 ab
174.29 a
C
240.79 a
**

A
AB
A
AB
B

5
169.01 b
181.46 ab
183.91 ab
213.10 ab
215.98 a
**

A
B
A
AB
BC

*
**
**

Significant differences between treatments at 3RU 3level indicated by different letters.
Small letter in column for applications, 2capital letter in row for soil sampling periods.
Available K (mg.kg-1) Tukey: 33
1

TABLE 9
Effect of treated sewage sludge (TSS) applications on pH of sandy clay soil
Applications
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

Average of
5 periods
7.57 ab1
7.37 b
7.58 a
7.57 ab
7.56 ab
*

1
7.76 a
7.48 a
7.54 a
7.58 a
7.47 a

A2
ABC
AB
A
B

2
7.71 a
7.53 a
7.85 a
7.73 a
7.82 a

Soil sampling periods
3
4
7.23 a
B
7.49 ab
7.18 a
BC
7.17 b
7.31 a
B
7.53 a
7.41 a
A
7.44 ab
7.43 a
B
7.45 ab
*

A
A
A
A
A

5
AB
C
AB
A
B

7.65 a
7.50 a
7.67 a
7.69 a
7.64 a

A
AB
AB
A
AB

**
*
**
*

Significant differences between treatments at 3RU 3level indicated by different letters. 1Small letter in column
for applications, 2capital letter in row for soil sampling periods.
S+7XNH\33

TABLE 10
Effect of treated sewage sludge (TSS) applications on total salt content of sandy clay soil
Applications
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

Average of 5
periods
0.131 c1
0.161 c
0.170 c
0.232 b
0.299 a
**

1
0.139 c
0.160 bc
0.173 bc
0.240 ab
0.305 a
**

2
AB2
AB
AB
B
B

0.109 a
0.106 a
0.126 a
0.129 a
0.173 a

Soil sampling periods
3
4
AB
0.079 a B 0.170 c
B
0.093 a B 0.228 c
B
0.089 a B 0.244 c
C
0.090 a C 0.336 b
C
0.089 a C 0.463 a
**

A
A
A
A
A

5
0.156 c
0.220 c
0.220 c
0.364 b
0.465 a
**

A
A
A
A
A

**
**
**
**
**

Significant differences between treatments at 3level indicated by different letters. 1Small letter in column for applications, 2capital letter in row for soil sampling periods.
7RWDOVDOW  7XNH\3

Delibacak et al. [15] found that, plant available K increased with TSS rates from 340 mg kg-1 in the control parcels to 419 mg kg-1 with the 90 t ha-1 application rate. On the other hand, Martinez et al. [47]
noted that, plant available K concentrations in soil
were low and did not increase significantly with biosolid treatments compared with the control.

Applications of increasing TSS rates significantly increased the plant available P concentrations
of soil in 5 different soil sampling periods according
to the control. In the course of time, depending on
decomposition of OM and using of plant available P
in soil by produced plants, the effect of TSS rates on
plant available P concentrations in soil decreased esSHFLDOO\LQWKHWKDQGODVW WK SHULRGWKSHULRG¶V
plant available P concentrations of soil samples were
increased by second year application of TSS. White
et al. [44] and Brofas et al. [42] also reported a remarkable increase in plant available P in soil after
the application of sewage sludge. Another study
showed that P concentrations increased more than
six-fold from control to the highest application rate
parcels [46].
Effect of TSS applications on plant available K
content of sandy clay soil is given in Table 8.
Increasing TSS rates significantly increased
available K concentration of the average of 5 sampling periods of soil compared with the control.

Effect of TSS applications on some properties of sandy clay soil. Effect of TSS applications on
pH of sandy clay soil is given in Table 9. It was
found that, there is no statistical relationship between
TSS levels and pH values of soil samples of 1st, 2nd,
3th and 5th periods when compared with the control.
pH values of experimental soil is higher than 7. It is
recommended that soil pH should be maintained
above 6.5 for sludge amended soils [48]. Smith [49]
noted that optimal pH value for growth of the majority of plants was between 6.5 and 7.0. The soil pH is
also one of the major factors controlling the availability of heavy metals.
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TABLE 11
Effect of treated sewage sludge (TSS) applications on CaCO3 content of sandy clay soil
Applications
Control
Fertilizer
12.5 Mg.ha-1TSS
25.0 Mg.ha-1TSS
37.5 Mg.ha-1TSS

Average of
5 periods
0.62 c1
0.64 c
0.71 bc
0.79 ab
0.85 a
**

1
0.52 b
0.54 ab
0.53 ab
0.70 ab
0.77 a
**

2
AB2
A
B
A
AB

0.51 b
0.62 ab
0.71 ab
0.71 a
0.74 a
*

Soil sampling periods
3
B
0.71 a
A
A
0.74 a
A
AB
0.77 a
A
A
0.82 a
A
B
0.87 a
AB

4
0.72 b
0.68 b
0.83 ab
0.89 ab
0.96 a
*

5
A
A
A
A
A

0.65 b
0.64 b
0.72 ab
0.84 ab
0.93 a
**

AB
A
AB
A
AB

**
**
*

Significant differences between treatments at 3RU 3level indicated by different letters. 1Small letter in column
for applications, 2capital letter in row for soil sampling periods.
CaCO3  7XNH\33

TABLE 12
Effect of treated sewage sludge (TSS) applications on cation exchange capacity (CEC) of sandy clay soil
Soil sampling periods
Average of
5 periods
1
2
3
4
5
Control
24.79 b1
25.27 a A2 25.453 a A
23.91 a
A 24.76 ab A 24.57 ab A
Fertilizer
24.80 b
25.18 a A
25.85 a
A
24.36 a
A
24.26 b
A
24.37 b
A
25.70 ab
25.54 a A
26.44 a
A
25.02 a
A 25.41 ab A 26.07 ab A
12.5 t.ha-1TSS
26.23 ab
26.17 a A
26.81 a
A
25.49 a
A 26.11 ab A 26.57 ab A
25.0 t.ha-1TSS
37.5 t.ha-1TSS
26.75 a
26.76 a A
27.08 a
A
26.15 a
A
27.01 a
A
26.72 a
A
**
*
*
Significant differences between treatments at 3RU 3level indicated by different letters. 1Small letter in column
for applications, 2capital letter in row for soil sampling periods.
CEC (meq/100g) TXNH\33
Applications

TABLE 13
Effect of treated sewage sludge (TSS) applications on organic matter (OM) content of sandy clay soil
Applications
Control
Fertilizer
12.5 t.ha-1TSS
25.0 t.ha-1TSS
37.5 t.ha-1TSS

Average of
5 periods
1.362 b1
1.343 b
1.628 bc
1.904 ab
2.145 a
**

1
1.54 b
1.54 b
1.85 bc
2.26 ab
2.79 a
**

2
A2
A
A
A
A

1.43 b
1.41 b
1.80 ab
2.02 a
2.12 a
**

A
A
AB
AB
B

Soil sampling periods
3
4
1.32 a
A
1.32 b
1.26 a
A
1.31 b
1.41 a
AB
1.71 ab
1.52 a
B
1.93 a
1.70 a
B
2.18 a
**

5
A
A
AB
AB
B

1.18 b
1.17 b
1.35 bc
1.77 ab
1.91 a
**

A
A
B
AB
B

*
**
**

Significant differences between treatments at 3RU 3level indicated by different letters. 1Small letter in column
for applications, 2capital letter in row for soil sampling periods.
20  7XNH\33

It was found that, increasing TSS rates significantly increased CEC of the average of 5 sampling
periods of soil compared with the control. Ahmed et
al. [50] determined that use of sewage sludge in soil
showed higher nitrogen and phosphorus contents
than the control soil, but a similar content of CEC.
On the other hand, Alcantara et al. [51] observed that
the concentrations of phosphorus, nitrogen, sulfate,
and CEC, organic carbon were positively correlated
with sewage sludge dose applied to the soil.
Treatments of increasing TSS levels significantly increased OM content of soil samples all periods and average of 5 periods except for 3th period
(Table 13). In the course of time, depending on decomposition of OM in soil, the effect of TSS levels
on OM concentration in soil decreased especially in
the 3th period. Because of second year application of
TSS, OM content of soil samples increased again in
4th and 5th periods. Analogously to our study, Delibacak et al. [52] found out an increase in the

Effect of TSS applications on total salt content
of sandy clay soil is given in Table 10.
The increasing TSS rates significantly increased total salt concentration of the average of 5
sampling periods of soil compared with the control.
The highest total salt was found with the highest
(37.5 t.ha-1 ) TSS level. Mineralization of organic
materials increases soil total salt content. But, by the
time mineral matters taken by plants as plant nutrients and salt level of soil decreased.
Effect of TSS applications on CaCO3 content of
sandy clay soil is given in Table 11.
The increasing TSS rates significantly increased CaCO3 content of the average of 5 sampling
periods of soil compared with the control. It can be
said that High CaCO3 content of TSS (10.24%) increased CaCO3 content of soil.
Effect of TSS applications on CEC of sandy
clay soil is given in Table 12.
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CONCLUSIONS
Successive two years increasing TSS applications to sandy clay soil resulted in significantly increased total biomass and grain yield of corn according to the control. The highest grain yield of wheat
as second crop was found with the highest TSS application. Increasing treated sewage sludge applications were significantly increased total N, plant
available P and K, total salt, CaCO3, organic matter
content and CEC of sandy clay soil as average of 5
sampling periods. However, it was found that, there
is no statistical relationship between TSS levels and
pH values of soil samples of 1st, 2nd, 3th and 5th
periods when compared with the control. pH values
of experimental soil is higher than 7. It can be recommended that 37.5 t.ha-1 TSS as dry matter can be
added for improving plant nutrients and soil properties of sandy clay soil under Mediterranean climate,
which are characterized by low OM content and high
pH. Sewage sludge application to agricultural land
has been a widely accepted practice during recent
years. Its use in agricultural land is promoted because it is considered that it will solve not only the
problem of disposal but also will increase productivity in agriculture. Further investigations are necessary to quantify the fertiliser replacement value of
plant nutrients. In particular, accurately characterising the P fertiliser replacement value of sewage
sludge will become an increasingly important issue
for effective P recycling in agricultural production
and food security in future as geological P reserves
are depleted and P fertiliser costs increase. At levels
above the agronomic recommended rate, however,
the potential for negative externalities may be quite
substantial. Monitoring the soil periodically for nutrient levels would be prudent to avoid any excess
levels on N or other plant nutrient. More continuous
long-term experiments are needed to improve the understanding of the effects of sewage sludge on soil
fertility and crop yield to contribute to the development of sustainable agricultural practices. However,
negative effects of sewage sludge such as elevated
heavy metal levels resulting from the usage of sewage sludge must also be taken into consideration.
Sewage sludge containing pathogenic organisms
should be handled and applied in a proper manner to
reduce the risks to human and animal health. Finally,
the application of TSS to soil must obey the limited
regulations. After the analysis of sewage sludge and
soil, a governmental permission is needed to apply
them to agricultural lands in Turkey.
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and wastewater treatment [1]. Membrane processes
such as nano-filtration, reverse osmosis (RO) and
electrodialysis (ED) are widely used to produce potable water from wastewater, brackish water, and
seawater.
ED is an electrochemical perm-selectivity separation process that uses cation and anion exchange
membranes and has been applied to desalination and
purification of brackish water for more than half of
century [2]. In the ED process, ions are selectively
transported from one compartment (dilute) to another compartment (concentrate) through ion exchange membranes (IEMs) under applied potential
difference as a driving force [2-4]. The most notable
advantage of ED process, comparing with other processes such as nano- filtration and reverse osmosis
(RO) is a high water recovery because there is no osmotic pressure limitation. Moreover, ion exchange
membranes have excellent durability because of
their high mechanical and chemical stability. They
can remove harmful monovalent anions such as Fand NO3-, eliminate heavy metals and can soften water [4, 5]. Infants, younger than 6 months old are susceptible to nitrate poisoning which compromises the
blood's ability to carry oxygen [6]. A high concentration of Fí in drinking water results in fluorosis
(dental/skeletal abnormalities) and several types of
neurological damage [7]. However, despite of these
advantages, fouling, in particular the fouling of anion exchange membranes is a major obstacle even in
the ED process, since AEM has a positive charge and
most organic foulants, such as surfactants, humates
and proteins are negatively charged. Fouling

ABSTRACT
The membrane fouling in the course of electrodialysis (ED) is a serious problem during water treatment which results to its shorter lifetime and higher
energy consumption. Here, the antifouling property
of previously reported BPPO-based anion exchange
membranes (AEM) has been improved by surface
coating with polydopamine (PDA). The modified
and unmodified membranes were characterized in
term of Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) water
contact angle and water uptake. The antifouling potential was investigated in term of transition time, i.e.
the time elapsed before the fouling took place.

KEYWORDS:
Antifouling, Polydopamine, surface modification, anion
exchange membrane, Electrodialysis

INTRODUCTION
Water is vital for the survival of living matter
and backbone of the worldwide economy because
water is essential for most industrial, agricultural,
and energy-production activities. However, natural
water sources are decreasing and they are being polluted, while the global population is increasing. Now
a day, drinking-water scarcity is a serious problem in
the world. Membrane processes have attracted increasing attention as a promising method for water
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degree of 0.48 and benzyl substitution degree of 0.52
was provided by Tianwei Membrane Co. Ltd., Shandong of China. Dimethyethanolamine (DMEA) was
REWDLQHGIURP6LQRSKDUP&KHPLFDOUHDJHQW&R/WG
&KLQD In this work, anion exchange membrane
DMEA-15 prepared from brominated poly (2, 6-dimethyl-1, 4-phenylene oxide) (BPPO) and dimethyethanolamine (DMEA) as reported in our previous work was used [19]. The characteristic properties of prepared AEM are as follows: water uptake
48.5 %, ion exchange capacity 1.38 mmol/g, thickness 64 um, tensile strength 32.52 MPa, elongation
at break 55.85 %, transport number 0.98 and area resistance 1.43 :.cm2 [19]. Dopamine hydrochloride
(Sigma-Aldrich, Tokyo, Japan) was used to modify
the AEM membrane surfaces. Sodium dodecyl benzene sulfonate (SDBS, Sigma-Aldrich) was used as
a model organic foulant and NaCl (Wako Pure
Chemicals Inc., Osaka, Japan) as an electrolyte in
ED. All chemicals were used as received and deionized (DI) water was used throughout these experiments.
The chemical structures of dopamine and sodium dodecyl benzene sulfonate are represented in
Fig. 1. It is a model organic foulant mostly employed
to study the fouling of AEMs in the electrodialysis
process and it remains negatively charged over the
entire pH range [21-23]. The formation and structure
of PDA is represented in Fig. 2. PDA is spontaneously formed from an aerobic and alkaline dopamine
DTXHRXVVROXWLRQ$VVKRZQLQ)LJí2+JURXSV
GLVVRFLDWHWREHí2íDQGí1+GLVVRFLDWHVWRí1+ 2+
depending on pH. Therefore, polydopamine is a kind
of amphoteric substance. The isoelectric point, Isp of
it is reported to be around pH 4 [24,18]. PDA is negatively charged in the electrodialysis process for producing drinking water, since the pH range of drinking water is between pH 6.5 and 8.5 [6].

increases membrane resistance and decreases system
performance. Some attempts to increase the antifouling potential of AEMs have been reported [8, 9].
Recently, the surface modification with polydopamine (PDA) has attracted significant attention
for improving the antifouling potential of membranes [10-13]. Dopamine is readily oxidized in an
aerobic, alkaline aqueous solution and spontaneously polymerizes to form a cross-linked PDA. PDA
is a bio-inspired polymer (i.e. bio-glue) that deposits
non-selectively from solution onto virtually any
solid surface [14] and is hydrophilic [15]. It has been
reported that the hydrophilicity of polyethylene, poly
(vinylidene fluoride) (PVDF) and poly (tetrafluoroethylene) porous membranes was significantly improved by surface modification with PDA [10]. It
has been reported that bovine serum albumin (BSA)
adhesion to a polysulfone ultrafiltration membrane,
PVDF microfiltration membrane and a polyamide
RO membrane was reduced by at least 96% through
PDA deposition [12]. It has also been reported that
the perm-selectivity of anion exchange membrane
largely improved during 90 minutes in ED process
by surface coating with PDA [16]. PDA is amphoteric with a reported isoelectric point of around pH 4
[17, 18]. Polymer layers containing hydroxyl and
amino groups are attached to membranes by strong
interactions between PDA and membrane surfaces
[10] .
This manuscript reports our attempts to modify
previously developed BPPO-based AEMs [19] by
polydopamine in expectation that hydrophilicity and
negative surface charge density of membrane would
be enhanced. In this study, anion exchange membrane was developed from brominated poly (2, 6-dimethyl-1, 4-phenylene oxide) (BPPO) and dimethylethanolamine (DMEA) by solution-casting
method [20]. The optimum time of membrane immersion into dopamine solution was determined in
term water contact angle and water uptake after different time intervals. Similarly, the optimum concentration of dopamine for membrane modification
was determined in term of water contact angle and
water uptake after coating with different dopamine
concentration. The successful synthesis and modification of developed membranes were investigated in
term of Fourier transfer infrared (FTIR) spectroscopy. The surface of modified and unmodified membranes was investigated by scanning electron microscopy (SEM). The transition time of was measured to study the antifouling potential modified and
unmodified membranes under same experimental
conditions.

Development of BPPO-based anion exchange membrane. BPPO-based anion exchange
membrane (AEM) was fabricated by solution-casting method as reported in our previous work [20,
25] ,Q D W\SLFDO SURFHGXUH ILUVWO\ EURPLQDWHG
SRO\ GLPHWK\OSKHQ\OHQH R[LGH  %332 
ZDVGLVVROYHGLQWR10HWK\OS\UUROLGRQH 103 
VROYHQWWRIRUPWKHKRPRJHQHRXVVROXWLRQ$IWHUWKDW
PHDVXUHG DPRXQW of DMEA was added LQWR WKH
DERYH SUHSDUHG FDVWLQJVROXWLRQ 7KH FDVWLQJ
VROXWLRQZDVVWLUUHGWRDFFHOHUDWHWKHUHDFWLRQDPRQJ
WKH%332DQG'0($DW R&IRUKRXU)LQDOO\
LWZDVFDVWHGRQWRDJODVVSODWHDQGKHDWHGDW R&
VROYHQW HYDSRUDWLRQ  IRU RQH GD\ 7KH PHPEUDQH
ZHUHSHHOHGRIIIURPJODVVSDOWHVDQGZDVKHGZLWK
GHLRQL]HG ZDWHU EHIRUH FKDUDFWHUL]DWLRQ DQG VWXG\
&KHPLFDO VWUXFWXUH IRU WKH IDEULFDWHG %332 EDVHG
PHPEUDQHLVVKRZQLQ)LJ

EXPERIMENTAL
Materials. Brominated poly (2, 6-dimethyl-1,
4-phenyleneoxide) (BPPO) with aryl substitution
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FIGURE 1
Chemical structure (a) dopamine (b) sodium dodecylbenzene sulfonate.

FIGURE 2
Polydopamine formation.

FIGURE 3
Preparation of BPPO-based anion exchange membranes.
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Microscopic characterization. The morphology of unmodified and modified membranes was investigated by using Field emission scanning electron
microscope (FE-SEM, Sirion200, FEI Company,
USA).

Modification of membrane. The preparation
of dopamine solution used for surface modification
of prepared AEM was carried out by dissolving the
desired quantity of dopamine in 15 mM Tris±HCl
buffer (pH 8.8). It was clear when freshly prepared
by dissolving dopamine. But, it starts to change color
immediately from clear to darkish brown through
contact with oxygen in the air, representing the formation of polydopamine. Prepared BPPO-based anion exchange membrane was immersed vertically in
the freshly prepared dopamine solution in contact
with atmospheric oxygen at 30 °C for the desired
time. The concentration of dopamine and the immersion time were varied for the experiments. After
modification with PDA, the membrane was rinsed
thoroughly with deionized water for 24 hours. The
modified membranes were kept in deionized water
until required. Prepared BPPO-based membrane became darkish brown through deposition of PDA on
the surface as shown in Fig. 11.

Evaluation of antifouling potential. The experimental setup used was shown in Fig. 4. It contains a dilute cell (DC) is on the left side and the concentrated cell (CC) on the right. The effective membrane area was 7 cm2. The feed solution contained
0.05 M NaCl and a given concentration of sodium
dodecyl benzene sulfonate (Kg/m3). The pH of the
feed solution was not adjusted and was pH 5.8. The
feed solution was circulated from the reservoir
through both compartments at a flow rate of 30 rmp
at 30 ± 1 °C. Thus the composition of the feed solution was kept constant during the experiment. The
applied DC current density was constant at 28.60
A/m2. The time course of voltage across the membrane during the fouling experiment was measured
with Ag-AgCl electrodes placed closed to the membrane surfaces and was recorded with a data logger.

Characterization. FTIR analysis. The successful fabrication of BPPO-based AEMs from
EURPLQDWHG SRO\  GLPHWK\O SKHQ\OHQH
R[LGH  %332 DQGGLPHWK\OHWKDQRODPLQH '0($ 
ZDVFRQILUPHGE\Fourier Transform infrared spectroscopy (ATR-FTIR) FTIR spectrometer (Vector
22, Bruker) having resolution of 2 cmí1 and a total
spectral range of 4000±400 cmí1at room temperature. Moreover, it was also employed to confirm the
successful modification of prepared anion exchange
membrane with dopamine.

RESULTS AND DISCUSSION
Optimum conditions for membrane coating.
Optimum modification time. To determine the optimal modification time, the water contact angle of
PDA-modified BPPO-based AEM was recorded as a
function of time using 4 kg/m3 dopamine solution.
As shown in Fig. 5, the contact angle of modified
membrane is found to be decreased rapidly during
first 12 hour and became almost unchanged after 36
hours. The decrease in contact angle of modified
membrane showed an increase in hydrophilicity of
its surface. This happened by an enhancement of the
number of hydrophilic groups on the modified
BPPO-based AEM surface, since polydopamine
FRQWDLQVPDQ\í2+DQG1+JURups. After 36 hour,
the adsorption of PDA was almost in an equilibrium
state. Therefore, the 36 hours were recorded as the
optimal modification time for BPPO-based membranes.
Fig. 6 showed the effect of immersion time on
the water uptake of BPPO-based membranes into 4
Kg/m3 PDA solution. It is clear that the water uptake
of PDA-modified membrane was found to be increased with increasing the immersion time. This is
associated to the increased hydrophilicity of modified BPPO-based AEM due to increase in the number of hydrophilic groups on the surface of modified
membrane. The water uptake value of modified
membranes membrane was found to be unchanged
after 36 hours. Therefore, the immersion time of 36
hours was used as optimum time for membrane modification.

Contact angle. The water contact angle of unmodified and modified membranes was recorded by
employing contact angle goniometer (SL200B,
Shanghai, China) to be equipped with a video capture and contact angle values were obtained through
a sessile drop method to characterize the membrane
surface. A total of 40 PL water was dropped onto a
dry membrane with a micro-syringe in an atmosphere of saturated water vapor.
Water uptake. Water uptake refers to the
amount of water per unit weight of membrane sample. It was measured through the weight difference
of dry and wet membrane sample. Membrane was
immersed into deionized water for 24 hours and wet
weight was measured after the removal of surface
water by absorbing paper. After drying at 60 qC for
12 hour, the weight of dry membrane was again recorded. Water uptake was measured by using the following equation [19, 20, 25, 26].

WR

WWET  WDRY
u 100%
WDRY

Fresenius Environmental Bulletin

(1)

where WWET and WDRY are the weights of wet
and dry membranes, respectively
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FIGURE 4
The setup for fouling experiments.

FIGURE 5
Water contact angle of modified membrane as a function of time.

FIGURE 6
Water uptake of modified membrane as a function of time.
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FIGURE 7
Water contact angle of modified membrane as a function of dopamine concentration.

FIGURE 9
Transition time as a function of dopamine
concentration.

FIGURE 8
Water uptake of modified membrane as a
function of dopamine concentration.

Optimum concentration of dopamine. To
find the optimum concentration of PDA, the water
contact angle of PDA-modified BPPO-based membrane was investigated by varying the concentration
of PDA in the solution. The variation in the water
contact angle as a function of PDA concentration is
shown in Fig. 7. It is found to be decreased with increasing the concentration of PDA in the solution. It
becomes constant above the 4kg/m3 dopamine concentration. This decrease in the water contact angle
of modified membrane is associated to its increased
hydrophilicity. It is well known that a hydrophilic
membrane indicates better antifouling potential for
hydrophobic foulant. From this, we can concluded
that water the contact angle of PDA-modified membrane decreased with increasing the concentration of
dopamine and become constant above 4 kg/m3.Thus,
the 4 kg/m3 is optimum concentration of PDA and
used in further study.

Fig. 8 represented the influence of dopamine
concentration on the water uptake of modified
BPPO-based AEM. It has been observed that water
uptake of PDA-modified membrane is found to be
increased with increasing the concentration of dopamine in the feed solution. This increased water uptake of PDA-modified membrane is due to the increased hydrophilicity of membrane surface. The
water uptake of PDA membrane is found to be increased with the dopamine concentration and become almost unchanged after 4 kg/m3. Therefore, the
4 kg/m3 is optimum concentration of dopamine and
used in the further work.
The transition time of modified membrane as a
function of dopamine concentration is depicted in
Fig. 9. The feed solution used for these experiments
contains 0.020 Kg/m3 SDBS and 0.05 NaCl M. It has
been observed from Fig. 9 that the transition time for
unmodified membrane is found to be zero under
these conditions. The transition time is found to be
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maximum around 4 kg/m3 concentration of dopamine and above this concentration of PDA, decrease
rapidly with enhancing the concentration dopamine
from 0 kg/m3 to 7 kg/m3 in the solution. Hence the
optimum concentration of dopamine is found to 4
kg/m3.
In spite of increasing negative surface charge
density and the hydrophilicity, the transition time is
found to be decreased rapidly above 4 kg/m3 concentration of dopamine. To explain the reason of this
process, the SEM images of PDA-modified membrane surface were taken into consideration to confirm the morphology changes of the membrane surface as a result of coating with PDA solution. The
SEM images of unmodified and modified BPPObased membrane are shown in Fig. 12. As discussed
in previous section, the particle size of PDA deposited on the modified membrane surface is found to
be increased with enhancing the concentration of dopamine in the solution. The particles appeared to be
aggregated on the membranes surface when modified with more than 4 kg/m3 concentration of dopamine. It is also reported in literature that the thickness of the PDA layer on the modified membrane
surface is found to be increased with the PDA concentration and deposition time [6, 27]. As a result,
the roughness of the BPPO-based AEM surface is
found to be enhanced with increasing the concentration of dopamine from 1 kg/m3 to 7 kg/m3. It is
known that the antifouling property for rough surfaces is lower than for smooth surfaces [6, 28, 29].
The decrease in transition time (the decrease in antifouling potential) was due to the enhanced membrane surface roughness. Hence, the optimal concentration was measured through the competition

Fresenius Environmental Bulletin

between the increase in antifouling potential due to
the increase in negative charge density and hydrophilicity of modified membrane surface and the decrease in antifouling potential due to the increase in
membrane surface roughness. As a result, the 4
kg/m3 was an optimal concentration of dopamine solution for enhancing the antifouling potential of prepared BPPO-based AEM. Hence the transition time
was 55 minutes under the optimum conditions (coating with 4 kg/m3 dopamine solution at PH 8.8 for 36
hours).
FTIR analysis. Fig. 10 (a) depicts the FTIR
analysis of pristine BPPO and BPPO-based anion
exchange membranes [19]. 7KHEDQGVDWFP
DUHdue to VWUHWFKLQJRI±&+ JURXSV 9DQGį [30]
7KH DGVRUSWLRQ SHDNV RI V\PPHWULFDO DQG
DV\PPHWULFDOVWUHWFKLQJYLEUDWLRQRI&2 DUHDW
FP DQG  FP DQG WKRVH RI SKHQ\O JURXS DW
FPDQGFPUHVSHFWLYHO\7KHEDQGDW
FPLVDWWULEXWHGWR& &VWUHWFKLQJYLEUDWLRQ
LQSKHQ\OJURXSV; the peak at 1190 cm-1 is the characteristic of C-O-C stretching [31]. The characteristic band at 1090 cm-1 appeared into the BPPO-based
membrane is due to the C-N stretching vibration representing the successful reaction between BPPO and
DMEA. The characteristic band at 750 cm-1 corresponding to the C-Br stretching in the pristine BPPO
membrane [32]. Moreover, the signal for C-Br
stretching in bromobenzyl groups expected at 750
cm-1 was not observed in FTIR spectra of aminated
BPPO membranes [32, 33]. These results showed the
successful synthesis of BPPO-based anion exchange
membranes. On the other hand, the FTIR spectra of

FIGURE 10
(a) FTIR spectra of BPPO and BPPO-based AEMs (b) FTIR spectra of AEMs and PDA-modified AEMs.
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FIGURE 11
The color of (a) before and (b) after modification with 4 kg/m 3 dopamine.

FIGURE 12
SEM micrograph of membrane surface modified with (a) 0 kg/m3 (b) 1 kg/m3 (c) 2 kg/m3 (d) 3 kg/m3 (e) 4
kg/m3 (f) 5 kg/m3 (g) 6 kg/m3 (h) 7 kg/m3 dopamine solution.
of modified membrane was smooth and uniform up
to 4 kg/m2. The morphology of membrane surface
changed based on the dopamine concentration employed in its modification as shown in Fig. 12. The
PDA particles are found to be aggregated on the
membrane surface when the concentration of PDA
exceeded 4 kg/m3. It has been observed that the morphology of membrane surface changed depending on
the dopamine concentration used to modify anion
exchange membrane. It was expected that the change
of surface morphology resulted in the change of
roughness of the membrane surface. This was studied in previous section combined with the roughness
data because it is known that roughness largely affects antifouling properties of modified membranes.

unmodified and PDA-modified membrane AEMs
are depicted in Fig. 10 (b). After membrane surface
modification with dopamine, several new absorption
bands appeared and a broad peak at 3400 cm-1 was
associated to the stretching vibrations of N±H/O±H.
Moreover, the intense peak at 1610 cm-1 is the overlapped peaks of C-C vibrations of aromatic ring and
the N-H bending vibrations. These observations
showed the existence of PDA coating on the membrane surface. This discussion proves the successful
modification of BPPO-based AEM with dopamine.
Morphological analysis. The morphology of
unmodified and modified BPPO-based anion exchange membranes was investigated by scanning
electron microscopy (SEM) and obtained results are
shown in Fig. 12. It was carried out to analyze the
effect of morphology changes of studied membrane
surface by dopamine coating. The particle size of
polydopamine deposited on the membrane surface is
found to be enhanced with enhancing the concentration of dopamine in the coating solution. The surface

Evaluation of antifouling potential. It was
shown in the previous sections that the hydrophilicity of the PDA-modified AEM surface has been increased which affected the antifouling potential of
investigated modified membrane. Hence, it was

6758

© by PSP

Volume 27 ± No. 10/2018 pages 6751-6761

Fresenius Environmental Bulletin

FIGURE 13
Transition time of unmodified and modified membranes as a function of concentration of SDBS.

contact angle of modified membranes by varying the
immersion time and concentration of dopamine solution used for modification. The contact angle was
decreased and water uptake was increased for modified membranes with the dopamine concentration.
The hydrophilicity and negative surface charge density of modified membrane was increased with dopamine concentration. The morphology of prepared
membrane was also changed with the concentration
of dopamine which leads to increased roughness of
membrane surface. The concentrations of 4 kg/m3 of
dopamine was the optimum conditions for modification solution. The transition time of both unmodified
and modified membrane was decreased with increasing the concentration of SDBS in the feed solution.
But the decrease in transition time of modified membrane was lower than unmodified membrane under
the same experimental condition. Thus the modification of membrane with PDA is an effective way to
enhance the antifouling potential of prepared BPPObased membrane.

expected that the modified BPPO-based membranes
may have a high antifouling potential. Sodium dodecyl benzene sulfonate was used as the membrane
fouling material in the ED process. The transition
time of unmodified and modified BPPO-based anion
exchange membrane as a function of sodium dodecyl
benzene sulfonate (SDBS) concentration is represented in Fig. 13. From this, it can be observed that
the transition time of modified membrane is higher
than that of unmodified membrane over the entire
range of sodium dodecyl benzene sulfonate (SDBS)
concentration although it is found to be decreased
with SDBS concentration. Hence the surface modification with PDA has significantly improved the antifouling potential of prepared BPPO-based anion
exchange membrane because membrane surface
coated with PDA prevented the adsorption of SDBS
micelles on membrane surface. This improvement in
the antifouling potential of BPPO-based AEM is associated to the increased negative charge density and
hydrophilicity of PDA-modified membrane surface
which overcome the negative effect of enhanced
membrane surface roughness.

NOMENCLATURE
CONCLUSIONS
Code
AEM

In this work, BPPO-based anion exchange
membrane was fabricated by solution-casting
method. Antifouling potential of prepared AEM was
tried to enhance through surface modification with
PDA. The FTIR analysis confirmed the successful
synthesis of BPPO-based membrane from BPPO and
DMEA. Moreover, it also showed the successful
modification of membranes surface with dopamine.
The hydrophilicity and the negative surface charge
density of modified BPPO-based membrane depends
on the dopamine concentration. The optimum conditions of modification (time and concentration of dopamine) were measured in term of water uptake and

BPPO
CC
DC
DMEA
ED
IEC
PDA
SEM
SDBS
WU
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Full name
Anion exchange membrane
Brominated poly (2, 6-dimethyl-1, 4phenylene oxide)
Concentrated cell
Dilute cell
Dimethyethanolamine
Electrodialysis
Ion exchange capacity
Polydopamine
Scanning electron microscopy
Sodium dodecyl benzene sulfonate
Water uptake
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displayed a trend toward eutrophication; and the ecosystems of 86% of the bays were classified as subhealthy or unhealthy states. Effective protection of
the aquatic bay environments is urgently needed, but
improving the water quality in bays should not be
confined to the water itself. Under the assumption
that point source pollution is fully controlled, determining how to start from a source and effectively
suppress nonpoint source pollution is particularly
important. Therefore, establishing a set of scientific,
reliable and practical quantitative assessment methods for nonpoint source pollution in a bay area is an
important task for researchers and managers that will
enable them to control the pollution that causes eutrophication in bay areas.
A relatively complete understanding of the effects of nonpoint source pollution in bays begins
with the Coastal Zone Management Act passed by
the U.S. Congress in 1972. Additionally, the Guidance Specifying Management Measures for Sources
of Nonpoint Pollution in Coastal Waters issued by
the U.S. Environmental Protection Agency (EPA) in
1993 is a systematic summary of the measures for
controlling nonpoint source pollution in bay areas.
Subsequently, other researchers have studied the
nonpoint source pollution of several bays[2-3], including the Chesapeake Bay[4-5] and Santa Monica
Bay[6]. Ake Sivertun and Lars Prange[7] applied a
soil loss equation to identify critical areas of nonpoint source pollution in the Gisseloe watershed of
the Slatbaken Inner Bay, Sweden. Research on nonpoint source pollution in China started later than that
in the U.S. and mainly focused on freshwater rivers,
lakes and reservoirs[8-9], such as the "three rivers
and four lakes" project. Currently, the control of pollution in the aquatic environments of bay areas is primarily concentrated on the management of point
source pollution. In contrast, comprehensive assessments and control measures for nonpoint source pollution in bay areas are relatively weak in China, and
damage estimates are mainly performed using foreign models. Moreover, no systematic, complete and
effective system exists for identifying and evaluating
nonpoint source pollution loads.
Currently, the most commonly used approaches
for calculating the pollution load include subtraction
methods, statistical analysis methods, mechanism
modeling and export coefficient methods[10]. The

ABSTRACT
Based on the increase in the pollution of the bay
environment and the environmental protection concepts of "coordinated watershed±estuary±bay management" and "working on the land to protect the sea
considering both seas and rivers", a nonpoint source
pollution load model was constructed by determining the intensities of nonpoint pollution sources and
systematically analyzing their characteristics. After
introducing rainfall and slope factors as the constraining conditions, the pollution export and flux
coefficients were used to estimate the total pollution
load. The results showed that the annual nonpoint
source pollution loads of the total nitrogen (TN), total phosphorus (TP) and chemical oxygen demand
(COD) fluxes into the sea in the Jiaozhou Bay watershed were 1850 tons, 431 tons and 6632 tons, respectively. For TN, TP and COD, the contribution to the
pollution source intensity ranked as follows: rural
residents > livestock and poultry breeding > mariculture > land use > atmospheric deposition. Notably,
rural residents and livestock and poultry breeding
were the most important pollution sources. Based on
this result, the emission characteristics of nonpoint
pollution in bay areas and the associated effects on
the condition of the aquatic environment were investigated to identify the critical sources of nonpoint
pollution and propose measures for pollution control
and optimization. This study provides a reference
method for controlling the total amount of nonpoint
source pollution and promoting the healthy development of the marine environment in bay areas.

KEYWORDS:
catchment area, export coefficient, flux coefficient, pollution load, slope factor

INTRODUCTION
According to the monitoring data from the State
Oceanic Administration of China[1], there were
more than 300 red tides in China from 2011-2015. In
2015 alone, 21 of the 44 bays with areas greater than
100 km2 exhibited worse than type 4 seawater quality throughout the year; the seawater in 57% of bays
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categorized as point source pollution. Therefore, this
study considered only the pollution caused by backyard livestock and poultry rearing.

differences among these methods in terms of the data
requirements and the scope of application determine
their corresponding advantages and disadvantages.
In the subtraction approach, different researchers
may have different definitions of point and nonpoint
sources, and these differences affect estimates[11].
Statistical analysis methods are limited by the lack
of data from continuous long-term monitoring. In addition to the substantial requirements for data and
materials, mechanism models have many parameters, and parameter setting, model calibration and
model verification are very difficult. Additionally,
determining only parameters from the results of research in other countries may seriously distort results. Finally, export coefficient methods can simplify the complex process of representing nonpoint
source pollution and greatly reduce the dependency
on monitoring data; therefore, such methods are
more suitable for areas with relatively insufficient
data and are not suitable for watershed plains due to
uncertainties regarding natural and human factors.
Most of the above methods were created in developed countries, so the model parameters and
mechanisms may not be fully applicable to regions
in China[12]. In addition, the structures of the different models differ; therefore, their performance when
adapted to different time scales, their ability to simulate hydrological processes, their capacity to calculate different types of pollution loads, and their descriptions of the pollutant migration process vary.
Thus, based on the concept of land and sea coordination, this study constructed a nonpoint source pollution load model based on the export coefficient
method by determining the nonpoint pollution
source intensity in a bay area and systematically analyzing the associated characteristics in the "basin±
estuary±bay" chain. Furthermore, rainfall and slope
factors were introduced as constraints to estimate the
total pollution load and establish a set of methods
and assessment tools for estimating the sources and
distribution of nonpoint pollution in a bay area. This
approach is conducive to developing effective targeted pollution control measures and will provide a
scientific basis for controlling pollution from sources
in a bay area.

Selection of pollutant indicators. According
to the national water pollution control index combined with the main sources of nonpoint source pollution, the degree of their impacts on the aquatic environment and the availability of the pollution export
coefficients, total nitrogen (TN), total phosphorus
(TP) and chemical oxygen demand (COD) were selected as the three pollutant indicators.
Modeling strategy. Based on the intensity of
the nonpoint pollution sources in a bay area and considering the relative lack of monitoring data in bay
regions, this study explored the estimation method
for determining nonpoint source pollution in a bay
area based on the export coefficient method. From
the watershed perspective, geographic information
system (GIS) and remote sensing (RS) technology
were used to define the catchment area and sub-watersheds by identifying the estuaries, and the terrain
characteristics and annual rainfall were introduced as
restrictions. Additionally, considering the differences in the amounts of pollutants flowing into the
sea from different sources, the flux coefficient was
added. Finally, the total pollution load in each subwatershed was calculated, and the distributions of
the TN, TP, and COD nonpoint source pollution
loads from each source in the watershed were comprehensively analyzed.
Model construction. The model used to estimate the nonpoint source pollution load in a bay area
was constructed based on the modified export coefficient model proposed by Johns[13]. Considering
different types of land use, the export coefficients of
the pollution sources were determined for the pollutants generated by rural residents and the amount and
distribution of livestock and poultry. Moreover, the
model considered factors such as atmospheric deposition. Additionally, the constraining factors of rainfall and terrain, which considerably influence nonpoint source pollution, were introduced to improve
the model and the estimation accuracy of the pollution load. The basic expression of the model is as follows:

CONSTRUCTION OF A NONPOINT SOURCE
POLLUTION MODEL FOR A BAY AREA



 ܮൌ  ܧ ሾܣ ሺܫ ሻሿ  ܲ
Identifying the intensity of nonpoint pollution sources. The nonpoint pollution sources of the
bay area investigated in this study included different
types of land use, rural residents, livestock and poultry rearing, mariculture and atmospheric deposition.
The associated pollutants mainly flowed into the sea
via rivers or rainfall. Livestock and poultry rearing
was divided into two types: intensive farming and
backyard farming. Intensive farming provides the
opportunity for centralized pollution treatment and is

ୀଵ

where L is the load of the pollutant; Ei is the
export coefficient of pollutant i; Ai is the area of land
use type i in the catchment area or the number of
livestock and poultry or the population of residents
in the catchment area; Ii is pollutant input amount
from source i; and p is the pollutant load produced
by atmospheric deposition.
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usually relatively scattered and the resolution of the
statistical data is not sufficiently high to separate and
assign these characteristics to each sub-watershed,
the rural residents and livestock and poultry were
evenly distributed among the occupied land units. In
this process, the constraining terrain factor was temporarily not considered.

Land use pollution load. The land use types in
the bay area were classified as cultivation, forest,
grassland, constructed areas, aquaculture, water and
unused land. The nonpoint source loads of the different land use types in each sub-watershed were calculated according to the sub-watersheds:
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ܹ ൌ  ܹ ൌ  ሺ  ܬ ൈ ܭ ൈ ܵ ൈ ܯ ሻ
ୀଵ

ୀଵ ୀଵ

where Wj is the pollution load associated with
the land use (hereafter TN, TP and COD are labeled
as j = 1, 2, and 3, respectively); Wij is the jth pollution
load in sub-watershed i; Jm is the area of land use
type m; Kjm is the export coefficient of pollutant j
corresponding to land use type m; Si is the terrain
factor of sub-watershed i; and Mjm is the flux coefficient of pollutant j corresponding to land use type m.

CASE STUDY
Overview of the study area. Jiaozhou Bay is
located on the coast of the Yellow Sea and the south
EDQNRIWKH6KDQGRQJ3HQLQVXODDW¶-¶(
longitude DQG ¶-¶1 latitude. The bay is
part of Qingdao Bay, and it is semi-enclosed and
connected to the Yellow Sea, with a connecting line
IURP WKH KHDG RI 7XDQ ,VODQG ¶1
¶(  WR ;XHMLD ,VODQG ¶1
¶( DVLWVERXQGDU\7KHED\LVVXUURXQGHG
by the Qingdao area to the north, east and west, and
it connects to the Yellow Sea through a narrow bay
to the south. The greatest width from east to west is
27.8 km; the greatest length from north to south is
33.3 km; and the narrowest estuary is approximately
3.1 km wide[14].
A dozen rivers enter Jiaozhou Bay, including
the Dagu River, Yang River, Baisha River, Moshui
River, Haibo River, and Licun River. As the "mother
bay" of Qingdao, the environment of Jiaozhou Bay
requires increased protection due to the rapid development of the marine economy of Qingdao, and the
most heavily polluted areas are mainly distributed in
the northeastern and northern areas of the bay. In
particular, phosphorus pollution is relatively serious
in the northern area, with a water quality level in
12% sea area of the Jiaozhou Bay, which is at or below level 4, indicating serious pollution. The results
of monitoring over the last five years have shown
that the overall trend in the quality of the seawater of
Jiaozhou Bay has improved. The bay was designated
as a National Ocean Park in 2016, but environmental
protection is still seriously lacking.

Rural residents. where Pj is the annual export
of pollutant j caused by rural residents; HNum is the
human population of the area; Fj is the annual export
coefficient of pollutant j for each person; and Qj is
the flux coefficient of pollutant j.
ܲ ൌ  ݉ݑܰܪൈ ܨ ൈ ܳ 
Livestock and poultry rearing. where Uj is
the annual export of pollutant j caused by livestock
and poultry rearing; LSe is the number of livestock
and poultry e in the area (including cattle, sheep, and
pigs, as well as chickens and ducks); Cje is the annual
export coefficient of pollutant j for each type of livestock and poultry; and Dje is for the flux coefficient
of pollutant j.
௫

ܷ ൌ ሺܵܮ ൈ ܥ ൈ ܦ ሻ


ୀଵ



ܻ ൌ  ܻ ൌ  ሺܤ ൈ ܴ ൈ ܵ ൈ ܶ ሻ
ୀଵ

ୀଵ

Atmospheric deposition. where Yj is the pollutant load j caused by atmospheric deposition; Yij is
pollutant load j of sub-watershed i; Bi is the area of
sub-watershed i; Rj is the coefficient of the intensity
of atmospheric deposition from pollution source j; Si
is the terrain factor of sub-watershed i; and Tj is the
flux coefficient of pollutant j caused by atmospheric
deposition.
The four sources of pollution above were combined to construct the model and estimate the nonpoint source pollution load in the bay area.
Fj = Wj + Pj + Uj + Yj
where Fj is the total load of pollutant j in the
bay; Wj is the j pollutant load associated with land
use; Pj is the pollutant load j caused by rural residents; Rj is the pollutant load j caused by livestock
and poultry rearing; and Yj is the pollutant load j
caused by atmospheric deposition. Because the residents and the livestock and poultry in bay areas are

Division of the catchment area and sub-watersheds. Basic data. The digital elevation model
(DEM) data used in this study came from the SRTM
90-m DEM and were jointly collected by NASA and
the National Administration of Surveying, Mapping
and Geoinformation of the Department of Defense.
The basic data that were extracted included information for the Jiaozhou Bay network, and they cover
all of China at two levels of precision: 1 arc-second
and 3 arc-seconds[15]. The currently available
SRTM3 file for this area of China contains data at a
resolution of 90 m.
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FIGURE 1
Study area
Division method. Because water flows along
area and the catchment areas were used to extract the
the steepest part of a slope, the direction of flow was
elevation data points of the water system by setting
determined according to the differences in height bea threshold. The entire water system and the catchtween the data points in the DEM, and the upstream
ment area were traced back from the source based on
catchment area of each data point was then calcuthe water flow direction, and the sub-watersheds
lated according to this direction. Subsequently, the
were divided to establish the spatial topological reladifferences in elevation between the inner catchment
tionships and code the river network[10].

FIGURE 2
Catchments
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FIGURE 3
Sub-watersheds
Catchment area statistics. According to the
watershed and sub-watershed divisions, the catchment area of each river watershed was calculated by
area projection, as shown in Table 1.

According to the location of the estuary and the
actual conditions and using the surface flow runoff
model of the water system, the entire area was divided into 12 sub-watersheds. This division was performed using the ArcHydro hydrological analysis
module in ArcGIS software, and the sub-watersheds
are as follows: the Haibo River catchment, Licun
River catchment, Loushan River catchment, Baisha
River catchment, Moshui River catchment,
Hongjiang River catchment, Yangmaogou River
catchment, Dagu River catchment, Yanghe River
catchment, Cuoshui River catchment, Longquan
5LYHU FDWFKPHQW DQG ;LQ¶DQ 5LYHU FDWFKPHQW 7KH
sub-watersheds are shown in Figure 3.

Land use distribution. Based on the map of
the distribution of land use in 2005 and by interpreting Landsat images in combination with high-resolution Google Earth images, the land use map was
updated to reflect the current situation. To facilitate
the estimation of the nonpoint source pollution load,
the commercial and service, industrial and mining,
public management and public service, transportation and residential land use types were combined
into constructed land, resulting in seven land uses:
cultivated land, forest, grassland, constructed land,
aquaculture, water area and unused land.

TABLE 1
Basin area
Number
1
2
3
4
5
6
7
8
9
10
11
12
Summation

Basin area (km2)
38.3
150.3
22.6
232.0
351.6
55.4
42.2
6139.6
295.5
212.1
52.6
101.9
7694.1

Sub-watershed
Haibo river catchment
Licun river catchment
Loushan river catchment
Baisha river catchment
Moshui river catchment
Hongjiang river catchment
Yangmao ditch catchment
Dagu river catchment
Yang river catchment
Cuoshui river catchment
Longquan river catchment
;LQ¶DQULYHUFDWFKPHQW
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FIGURE 4
Distribution map of land use in Jiaozhou Bay watershed
was calculated by interpolating the data from the meteorological stations in the catchment area. Since this
study collected data only on the amount of rainfall in
each district and county, the rainfall was averaged
for each district and county, and the rainfall factor
was defined as the ratio of the amount of rainfall in
each sub-watershed to the average in the entire
catchment area per year. The rainfall constraint factor was accordingly calculated.

According to superposition analysis, the areas
of the different land use types (Table 2) were calculated for the 12 sub-watersheds, and the aquaculture
area was 53.85 km2.
Rainfall factor. The rainfall in various cities
and districts in Qingdao according to the Qingdao
Statistical Yearbook is shown in the table below. The
amount of rainfall in each sub-watershed in 2014

TABLE 2
The land use area of sub- watersheds
Sub-watershed

constructed land(km2

Haibo river catchment
Licun river catchment
Loushan river catchment
Baisha river catchment
Moshui river catchment
Hongjiang river catchment
Yangmao ditch catchment
Dagu river catchment
Yang river catchment
Cuoshui river catchment
Longquan river catchment
;LQ¶DQULYHUFDWFKPHQW

37.12
96.54
17.14
61.32
128.53
10.29
13.54
709.65
29.53
27.53
8.74
55.77

cultivated land
( km2)

Grassland
(km2)

Forest
(km2)

17.55

16.05
1.35
32.24
19.04
0.65

0.49
18.72
0.99
83.85
18.36
0.54

501.84
67.41
45.46
6.56
9.46

163.54
11.34
18.09
1.65
9.04

46.84
178.77
42.11
26.32
4527.05
181.11
116.91
34.64
22.83

unused land
(km2)

18.12

TABLE 3
Rainfall statistics
Number
1
2
3
4
5
6
7

City or district
urban
Laoshan district
Huangdao district
Jimo
Jiaozhou
Pingdu
Laixi

Rainfall in 2014㸦mm/yr㸧
666.9
611.2
735.9
530.1
727.6
506.0
640.5
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Average rainfall from 2000 to 2012˄mm/yr˅
774.5
732.6
869.0
720.5
629.6
668.1
683.4

© by PSP

Number
1
2
3
4
5
6
7
8
9
10
11
12
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TABLE 4
Rainfall factors
Average rainfall in 2014
Sub-watershed
˄mm/yr˅
Haibo river catchment
666.9
Licun river catchment
666.9
Loushan river catchment
666.9
Baisha river catchment
666.9
Moshui river catchment
598.5
598.5
Hongjiang river catchment
Yangmao ditch catchment
598.5
Dagu river catchment
601.1
727.6
Yang river catchment
Cuoshui river catchment
735.9
Longquan river catchment
735.9
;LQ¶DQULYHUFDWFKPHQW
735.9

Rainfall factor
0.92
0.92
0.92
0.92
0.83
0.83
0.83
0.83
1.00
1.01
1.01
1.01

of previous research[16], the slope factor coefficient
can be defined as follows:

Terrain slope factor. The slope of the terrain
can affect the amount of flow and the velocity of the
runoff caused by rainfall, thereby influencing the
fluxes of TN, TP and COD. Based on the DEM data
from the catchment areas of the watersheds in
Jiaozhou Bay collected by GIS, the distribution of
the slope factor over the entire area was calculated
(in the range of 0°-42.0009°), and the average slope
of each sub-watershed was obtained by statistical
analysis.
Because the influence of terrain on the pollution load is greatly affected by runoff, the slope factor was used to weight the effect of terrain on the total pollution load as a constraint. Based on the results

ܵ ܮൌ 

ሺఉሻ
ሺఏሻ

=

ఉ 
ఏ 

=

ఉ
ఏ

where L is the pollution load; m and n are the
coefficient constants; ȕ is the slope of the spatial unit
of the study area; and ș is the average slope of the
entire area. According to the data in the literature[1719], the value of n is 0.6104, and the average slope
of the study area is 1.83°. The above slope values
were used to calculate the coefficient of the slope
factor for each sub-watershed.

FIGURE 5
The slope map
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TABLE 5
Terrain slope factor
Number
1
2
3
4
5
6
7
8
9
10
11
12

Sub-watershed
Haibo river catchment
Licun river catchment
Loushan river catchment
Baisha river catchment
Moshui river catchment
Hongjiang river catchment
Yangmao ditch catchment
Dagu river catchment
Yang river catchment
Cuoshui river catchment
Longquan river catchment
;LQ¶DQULYHUFDWFKPHQW

Average grade˄ώ˅
2.37
4.29
2.15
8.43
2.13
1.00
0.62
1.40
2.24
3.35
2.59
3.85

Slope factor
1.17
1.68
1.10
2.54
1.10
0.69
0.52
0.85
1.13
1.45
1.24
1.57

value recommended by the State Environmental Protection Administration combined with the results of
relevant studies[29-30], and that for atmospheric
deposition was determined based on the relevant
studies of Liu[31] and Song[32], with adjustments
according to the terrain characteristics of the study
area. The export coefficients of TN, TP and COD
pollution are shown in Table 6.
Over a certain period, nonpoint source pollution is carried to the sea with surface runoff from
rainfall. Therefore, the flux coefficient must be determined to estimate the amount of pollutant in the
pollution load, and it is generally obtained from
long-term synchronized rainfall monitoring. Due to
the lack of relevant data, this study used existing research results[30,33-37] to determine the flux coefficient of the nonpoint source pollution in Jiaozhou
Bay.

Pollution export and flux coefficient. The
pollution export coefficient is the most critical parameter in the pollution load model, and the accuracy
and applicability of the model can directly determine
the precision of the estimate. Therefore, the appropriate pollutant export coefficient was selected based
on careful screening of existing research results,
comprehensive analysis of selected export coefficients, and the characteristics of the study area. The
export coefficient of rural residents refers to the
value provided in the National Water Environmental
Capacity Verification Manual[20], and that for the
land use type was determined from the results of different studies[18-19,21-27]. The mariculture coefficient refers to the results of pollution discharge from
mariculture in the Yellow Sea and Bohai Sea[28].
The value for livestock and poultry rearing was the

TABLE 6
Pollutant emission coefficients
Type

TN
23.2
2.5
6
11
43
4.38
22.6
61.101
2.28
4.507
0.548

cultivated land˄kg.ha-1.yr-1˅
forest˄kg.ha-1.yr -1˅
Grassland˄kg.ha-1.yr -1˅
Land use
Constructed land˄kg.ha-1.yr-1˅
mariculture˄kg.ha-1.yr-1˅
rural residents˄kg.ca-1.yr-1˅
atmospheric deposition˄kg.ha-1.yr-1˅
cattle˄kg.ca-1.yr-1˅
sheep˄kg.ca-1.yr-1˅
-1
-1
livestock
and pigs˄kg.ca .yr ˅
chickens and ducks˄kg.ca-1.yr-1˅
poultry

TP
1.61
0.15
0.8
1.8
7
0.88
1.1
10.074
0.45
1.699
0.305

COD
22.8
13.4
10.19
29.93
166.81
14.6
7.27
248.2
4.4
26.606
2.398

TABLE 7
Into the sea coefficients
Type
Land use[30,32-36]
rural residents [30]
atmospheric deposition [37]
livestock and poultry [30,32-36]
mariculture [30,33-35]

TN
7%
10%
17.19%
3%
80%

TP
7%
10%
17.19%
3%
80%
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COD
7%
10%
17.19%
3%
80%

NH3-N
7%
10%
17.19%
3%
80%
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431 tons for TP and 6632 tons for COD.
In terms of the pollution source intensity associated with land use, the TN contributed by each land
use exhibited the following order: cultivated land >
forest > grassland > constructed land, accounting for
89.10%, 4.44%, 3.66% and 2.80% of total exports,
respectively. The contributions to TP exports exhibited the following order: cultivated land > forest >
grassland = constructed land, accounting for
76.19%, 11.91%, 5.95% and 5.95% of the exports,
respectively. Additionally, the contributions to COD
exports exhibited the following order: cultivated
land > constructed land > forest > grassland, accounting for 72.58%, 12.31%, 9.91% and 5.20% of
the exports, respectively. For the above three pollution indicators, cultivated land accounted for more
than 70% of pollution and was the largest land use
source based on the pollution intensity. Therefore,
farming and scientific management should be improved to control the use of chemical fertilizers and
pesticides.
In terms of the pollution source intensity from
the rearing of livestock and poultry, the contributions
to TN exports exhibited the following order: chickens and ducks > cattle > pigs > sheep, accounting for
53.22%, 28.22%, 17.71% and 0.85% of the total contribution, respectively. The contributions to TP exports were as follows: chickens and ducks > pigs >
cattle > sheep, accounting for 72.04%, 16.24%,
11.32% and 0.40% of the total exports, respectively.
Additionally, the contributions to COD exports displayed the following order: chickens and ducks >
cattle > pigs > sheep, accounting for 51.33%,
25.27%, 23.04% and 0.36% of total exports, respectively. For the above three pollution indicators,
chickens and ducks accounted for more than 50% of
the loads and are thus associated with the highest
pollution intensity from livestock and poultry rearing.

Estimation and analysis of the total load. Superposition analysis using GIS technology suggested
that the amount of cultivated land in the catchment
area was 519,413 ha; the area of constructed land
was 119,570 ha; the area of grassland was 70,006 ha;
the area of forest was 32,661 ha; the area of unused
land was 1,812 ha; and the area devoted to livestock
and poultry breeding was 5,385 ha. According to the
Qingdao Statistical Yearbook, the Yantai Statistical
Yearbook and the Weifang Statistical Yearbook
(2015), at the end of 2014, the total population of rural residents in the catchment area was 3.0419 million. Additionally, the total number of cattle was approximately 198.5 thousand; the total number of
sheep was approximately 159.4 thousand; the total
number of pigs was approximately 1.6889 million;
and the number of chickens, ducks and other poultry
was approximately 41.7356 million. According to
the Shandong Province Animal Husbandry and Veterinary Bureau, the proportion of land used for largescale livestock and poultry rearing in Shandong
Province was 75% in 2014. The quantities of cattle,
sheep, pigs, and poultry, including chickens and
ducks, in the catchment area corresponded to nonpoint source pollution loads of approximately 49.6,
39.9, 422.2 and 1043.39 thousand, respectively.
Based on the nonpoint source pollution load
model and the export coefficient of each pollutant,
the pollution loads for each land use and atmospheric
deposition in 12 sub-watersheds were calculated.
Because the number of rural residents, the area of
mariculture and quantity of livestock and poultry
could not be separated for assignment to each subwatershed, only the pollution load of the entire
catchment area was calculated. The pollution load in
the catchment area can be calculated according to the
rainfall and terrain constraint factors and the flux coefficient. As shown in Table 8, the total annual pollutant fluxes were approximately 1,850 tons for TN,

TABLE 8
Sewage discharge from various types of pollution sources
TN˄tons˅
TP˄tons˅
COD˄tons˅
Type
cultivated land
6.47
0.45
6.36
construct land
0.20
0.04
1.08
grassland
0.27
0.04
0.46
forest
0.32
0.07
0.87
subtotal
7.26
0.60
8.77
rural residents
1332.35
267.69
4441.17
mariculture
185.24
30.16
718.62
cuttle
90.92
14.99
369.32
sheep
2.73
0.54
5.27
pigs
57.09
21.52
336.99
chickens and ducks
171.53
95.47
750.61
subtotal
322.27
132.52
1462.19
2.49
0.12
0.80
atmospheric deposition
summation
1849.61
431.09
6631.55
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ing > mariculture > land use > atmospheric deposition, accounting for 66.97%, 22.05%, 10.84%,
0.13% and 0.01% of the total, respectively. Rural
residents and livestock and poultry breeding accounted for close to or more than 90% of the exports
of TN, TP and COD; in other words, the nonpoint
source pollution in Jiaozhou Bay area was mainly
caused by agricultural life and production. Therefore, domestic sewage and daily garbage treatment
should be better managed, and the scientific feeding
of livestock and poultry and fine processing of the
excreta from livestock and poultry rearing should be
improved.

As shown in Figures 6-8, the contributions of
the various pollution sources to TN pollution exhibited the following order: rural residents > livestock
and poultry breeding > mariculture > land use > atmospheric deposition, accounting for 72.03%,
17.42%, 10.02%, 0.39% and 0.14% of the total, respectively. For TP pollution, the contributions were
as follows: rural residents > livestock and poultry
breeding > mariculture > land use > atmospheric
deposition, accounting for 62.09%, 30.74%, 7%,
0.14% and 0.03% of the total, respectively. For COD
pollution, the contributions displayed the following
order: rural residents > livestock and poultry breed-

FIGURE 6
Percentage of TN generaed by types of pollution sources

FIGURE 7
Percentage of TP generaed by types of pollution sources
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FIGURE 8
Percentage of COD generaed by types of pollution sources

FIGURE 9
Flux of Din in main rivers of Jiaozhou Bay
Notes: Zou[43] only estimated the pollutant flux into the sea in summer
the sea in 2007 estimated by Han[40] and Zhou[44]
and in this study (Figure 12) were 11281.2 T, 7418.2
T and 6631.55 T of COD pollutants; 576.4 T, 748 T
and 1849.61 T of TN pollutants; and 715.6 T, 100 T
and 431.09 T of TP pollutants, respectively. The
nonpoint source pollution estimates by Zhou and
Han did not include rural residents, mariculture and
atmospheric deposition. If the above three types of
pollution sources are excluded from this study, the
estimated COD, TN and TP emissions are 1470.81
T, 329.53 T and 133.12 T, respectively. These values
reflect decreasing trends in the total fluxes of these
pollutants from 2007 to 2014, which is consistent
with the actual situation.

Figures 9-11 show the estimated fluxes from
the main rivers around Jiaozhou Bay into the sea[3845] (including the point source exports). Clearly, different estimation methods and different data sources
significantly affect the results; therefore, the pollutant fluxes from the main rivers around Jiaozhou Bay
into the sea estimated by different researchers in the
same year are not the same. However, the overall
trend in the pollutant fluxes is COD > TN > TP,
which is consistent with the results of this study. According to the estimation results of dissolved inorganic N and COD, the total amount of pollution has
decreased over time, indicating that pollution control
measures have been somewhat effective.
The total amounts of pollutants exported into
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FIGURE 10
Flux of COD in main rivers of Jiaozhou Bay
Notes: Zou[43] only estimated the pollutant flux into the sea in summer

FIGURE 11
Flux of TP in main rivers of Jiaozhou Bay
Notes: Zhang[41] just estimated the PO4-P flux into the sea























FIGURE 12
The non-point source pollution load of the Jiaozhou Bay basin
Notes: Zhou[44] and Han[40] only estimated the NH 3-N flux of the TN into the sea
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Oceanographic Institute of the State Oceanic Administration˄2014G18˅and Public science and technology research funds projects of ocean ˄
201405028˅.

CONCLUSION
To determine the current nonpoint source pollution situation in Jiaozhou Bay, this study coupled
an export coefficient model, the strength of atmospheric deposition as a source and the constraining
factors of the rainfall amount and terrain slope. As
an example, Jiaozhou Bay was divided into 12 subwatersheds, each of which was constrained by the
terrain slope factor, to estimate the annual loads of
TN, TP and COD. The annual pollutant load was
ranked as COD > TN > TP, and rural residents and
livestock and poultry breeding were found to be the
most important pollution sources, followed by mariculture. The pollution loads associated with land use
and atmospheric deposition were relatively small.
Among the different land use types, cultivated land
produced the most pollution. Thus, a more specific
analysis of the sources of environmental pollution
and the development of corresponding control
measures in Jiaozhou Bay could be performed.
This study constructed a model to calculate the
load of nonpoint source pollution and determine its
spatial distribution in a bay area. Because the resolution of the data varied, some details may have been
lost in the analysis, but the method of estimating the
nonpoint source load in a bay area can still serve as
a reference for bays that lack monitoring data,
thereby providing a basis for the development of
management measures and environmental regulations.
The nonpoint source pollution sources in a bay
area can widely vary and exhibit strong randomness.
A comprehensive and systematic understanding of
the nonpoint sources of pollution in a bay area is
lacking, as are long-term data, especially routine water quantity and quality data from hydrological stations and data from meteorological stations. In-depth
investigations using these data must be performed.
Therefore, long-term observation stations should be
established in the rivers and estuaries of coastal areas; the water quality flux should be monitored in
real time during rainfall events; and long-term dynamic tracking should be performed. In addition,
water quality and forecasting models of the main
pollutants and fluxes should be developed, and the
characteristics of the pollutants exported into the sea
should be analyzed. In particular, the frequencies of
nonpoint source fluxes and mariculture fluxes should
be estimated to understand the dynamic changes in
nonpoint source pollutants and to gradually establish
real-time monitoring and an early warning system to
improve the environmental quality of bay areas.
These tasks represent a future research direction.
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IRU(QYLURQPHQWDO3ODQQLQJ%HLMLQJ
[21] <LQJ//+RX;</X;=KX00  
'LVFXVVLRQRQWKHH[SRUWFRHIILFLHQWPHWKRGLQ
QRQSRLQW VRXUFH SROOXWLRQ VWXGLHV LQ &KLQD
-RXUQDORI:DWHU5HVRXUFHV :DWHU(QJLQHHU
LQJ  
[22] 6KL =+ =KDQJ % &DL &) 'LQJ 6:
:DQJ7:/L=;  7KHHVWDEOLVKPHQW
DQGDSSOLFDWLRQRIDJULFXOWXUDOQRQSRLQWVRXUFH
SROOXWLRQLQIRUPDWLRQV\VWHPLQ+DQMLDQJULYHU
ZDWHUVKHG-RXUQDORIUHPRWH VHQVLQJ  

[23] &DL 0 /L +( =KXDQJ <7 :DQJ 4+
 $SSOLFDWLRQ RI PRGLILHG H[SRUW FRHIIL
FLHQW PHWKRG LQ SROOXWLQJ ORDG HVWLPDWLRQ RI
QRQSRLQWVRXUFHSROOXWLRQ-RXUQDORI+\GUDXOLF
(QJLQHHULQJ  
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[24] &KDQJ - :DQJ *;   7KH ILJXUHV RI
FRQWHQWDQGG\QDPLFDOFKDQJHVRI1DQG3XQGHU
GLIIHUHQWIRUPVRIODQGXVHLQWKH+HLKHULYHUED
VLQ-RXUQDORI/DQ]KRX8QLYHUVLW\ 1DWXUDO6FL
HQFHV   
[25] /RQJ 7< /LDQJ &' /L -& /LX /0
  )RUHFDVWLQJ WKH SROOXWLRQ ORDG RI QRQ
SRLQWVRXUFHVLPSRUWHGWRWKH7KUHH*RUJHV5HV
HUYRLU $FWD 6FLHQWLDH &LUFXPVWDQWLDH   

[26] 0HQJ;<<X;;3DQ;4  ,PSDFW
RIWKHODQGXVHFKDQJHRQWKHQRQSRLQWVRXUFH
QLWURJHQORDGLQ<XQPHQJODNHZDWHUVKHG(QYL
URQPHQWDO6FLHQFH  
[27] 'X-/L+(/L-.  $QDO\VLVRQH[
SRUW FRHIILFLHQWV EDVHG RQ PHDVXUHG GDWD DQG
VWXG\ RQ WKH VRXUFHV RI QRQSRLQW ORDG IRU
)HQJKH ULYHU ZDWHUVKHG LQ 6KDQ[L SURYLQFH
&KLQD-RXUQDO RI $JUR(QYLURQPHQW 6FLHQFH
  
[28] &XL<&KHQ%-&KHQ-)  (YDOXD
WLRQ RQ VHOISROOXWLRQ RI PDULQH FXOWXUH LQ WKH
<HOORZ6HDDQG%RKDL6HD&KLQHVH-RXUQDORI
$SSOLHG(FRORJ\  
[29] 7KH 6WDWH (QYLURQPHQWDO 3URWHFWLRQ $GPLQ
LVWUDWLRQRI&KLQD  )RUWKH5HGXFWLRQRI
WKH3RXOWU\,QGXVWU\6HZDJH5HODWHG,VVXHV1R
WLFH 7KH 6WDWH (QYLURQPHQWDO 3URWHFWLRQ $G
PLQLVWUDWLRQRI&KLQD%HLMLQJ1R
[30] =KX0  6WXG\RQDJULFXOWXUDO136ORDGV
RI +DLKH EDVLQ DQG DVVHVVPHQW RQ LWV HQYLURQ
PHQWDOLPSDFW&KLQHVHDFDGHP\RIDJULFXOWXUDO
VFLHQFHV%HLMLQJ
[31] /LX ;- =KDQJ < +DQ :; 7DQJ $+
6KHQ-/&XL=/9LWRXVHN3(ULVPDQ-:
*RXOGLQJ . &KULVWLH 3 )DQJPHLHU $ DQG
=KDQJ )6   (QKDQFHG QLWURJHQ GHSRVL
WLRQRYHUFKLQD1DWXUH
[32] 6RQJ++-LDQJ&0<X:7  %DVLF
IHDWXUHV DQG PRQLWRULQJ PHWKRGRORJLHV RI DW
PRVSKHULFQLWURJHQGHSRVLWLRQ&KLQHVH-RXUQDO
RI$SSOLHG(FRORJ\  
[33] )XQJH6PLWK6-%ULJJV053  1XWUL
HQWEXGJHWVLQLQWHQVLYHVKULPSSRQGVLPSOLFD
WLRQV IRU VXVWDLQDELOLW\$TXDFXOWXUH  

[34] 5HQ;6  :DWHUUHVRXUFHVHYDOXDWLRQRI
+DLKHULYHUEDVLQ&KLQDZDWHU 3RZHU3UHVV
%HLMLQJ
[35] ;LQ =: 6XQ 5 /X ;4   &RPSUH
KHQVLYHDQDO\VLVDQGPDQDJHPHQWVWUDWHJ\RIUH
JLRQDO ZDWHU HQYLURQPHQW*() LQ 7LDQMLQ
&KLQD (QYLURQPHQWDO 6FLHQFH 3UHVV %HLMLQJ

[36] 0D'06KL++)HQJ$3  (VWLPD
WLRQ RI DJULFXOWXUDO QRQSRLQW VRXUFH SROOXWLRQ
EDVHGRQZDWHUVKHGXQLWDFDVHVWXG\RI/DL]KRX
%D\$FWD(FRORJLFD6LQLFD  
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[37] 'HQJ 23 6XQ 6< /Y -   1LWURJHQ
QRQSRLQWVRXUFHSROOXWLRQLGHQWLILFDWLRQEDVHG
RQ$UF6:$7 LQ &KDQJOH ULYHU (QYLURQPHQWDO
6FLHQFH  
[38] 4LDR ;'  7KH VWXG\ RI -LDR]KRX %D\
GLVFKDUJH UHJLRQV DQG DFFXUDWH FDOFXODWLRQV RI
WKHLU DOORFDWHG FDSDFLWLHV RI PD\RU SROOXWDQWV
2FHDQ8QLYHUVLW\RI&KLQD4LQJGDR
[39] 3HQJ ;&   5HVHDUFK RQ ORDG RI ODQG
EDVHGSROOXWLRQDQGLWVFRQWUROFRXQWHUPHDVXUHV
LQ-LDR]KRXED\4LQJGDRWHFKQRORJLFDOXQLYHU
VLW\4LQJGDR
[40] +DQ+<  6WXG\RQWKHWRWDOORDGLQJFRQ
WURORIPDLQODQGEDVHGSROOXWDQWVLQDGPLQLVWUD
WLYHUHJLRQDURXQG-LDR]KRXED\2FHDQ8QLYHU
VLW\RI&KLQD4LQJGDR
[41] =KDQJ).  6WXG\RQHQYLURQPHQWDOFD
SDFLW\DQGWRWDODPRXQWFRQWURORI-LDR]KRXED\
2FHDQ8QLYHUVLW\RI&KLQD4LQJGDR
[42] /L /   6WXG\ RQ HVWLPDWLRQ RI HPLVVLRQ
FDSDFLW\ DERXW FRQWURO XQLWV DURXQG MLDR]KRX
ED\ LQ 4LQJGDR 2FHDQ 8QLYHUVLW\ RI &KLQD
4LQJGDR
[43] =RX7  6WXG\RQWKHWRWDOZDWHUSROOXWDQW
ORDGVDOORFDWLRQDQGFRQWUROLQ-LDR]KRXED\LQ
VXPPHU2FHDQ8QLYHUVLW\RI&KLQD4LQJGDR
[44] =KRX 55   5HVHDUFK RQ WRWDO DPRXQW
FRQWUROIRU-LDR]KRXED\QHDUVKRUHDUHDSROOX
WLRQ EDVHG RQ $11 DQG JHQHWLF DOJRULWKPV
2FHDQ8QLYHUVLW\RI&KLQD4LQJGDR
[45] =KDQJ<  5HVHDUFKRQWRWDODPRXQWFRQ
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OPTIMIZATION OF THE FERMENTATION PROCESS FOR
HIGH YIELD OF ECTOINE FROM HALOMONAS ELONGATA
IN BENCH SCALE
Ruifeng Chen1,2, Lijun Zhu2, Lihuo Lv2, Su Yao2, Bin Li2, Junqing Qian1,*
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Zhejiang University of Technology,No.18, Chaowang Road, Hangzhou City, Zhejiang Province, China.
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functions [3]. They are called compatible solutes. So
far many kinds of compatible solutes have been
found, including sugars, polyols[4], methylamines,
amino acids [5] and their derivatives [6].
Ectoine
[(S)-2-methyl-1,4,5,6-tetrahydropy
rimidine-4-carboxylic acid, C6H10N2O2], is one of
the compatible solutes that wide spread in bacteria
and was first found in Halorhodospira halochloris in
1985 [7]. It is an amino acid derivative of aspartate,
and can be rapidly synthesized if strains were exposed to osmotic stress such as high salinity [8]. Ectoine protects organism by stabilizing intracellular
biomolecules required to sustain life [9,10]. Hence,
it is an excellent candidate for industrial application.
At present, it is widely used in cosmetic, food, biological preparation as well as pharmaceutical industry in huge market demand [11,12]. Ectoine can be
synthesized readily by chemical means or biological
pathway. However, the process of chemosynthesis is
not environmentally friendly and expensive due to
the high costs of the precursors, therefore, it is not
competitive with the biological production [13]. Biosynthesis seems to be the best way to obtain ectoine. Several scientists have devised methods of improving ectoine production. Tanimura Kosuke et al.
[14]improved ectoine productivity by utilizing genetically modified H. elongata, and 244 mmol/kg of
ectoine was obtained. Yong-Zhi He et al. [15] took a
whole-cell biocatalytic process using aspartate and
glycerol as substrates in recombinant Escherichia
coli. Moreover, Yike Ning et al. [16] constructed an
ectoine producing Escherichia coli strain and 25.1
g/L of ectoine was obtained even at very low salt
concentrations. Additionally, one primary by-product of ectoine throughout the biosynthesis is hydroxyectoine. The formation of hydroxyectoine comes
from direct hydroxylation of ectoine by the catalysis
of ectoine hydroxylase (EctD) [17]. Deletion of hydroxylase has been proved to be effective in the enhancement of ectoine yield [18]. Nowadays, for the
large-scale production of ectoine in industry, strains
of H. elongata are used that excrete ectoine to the
medium [19]. However, these methods only focus on
the
gene reconstruction
of
the
strain,

ABSTRACT
In the present study, a sequential approach was
applied to optimize the medium in submerged cultivation of Halomonas elongata. Firstly, based on single-factor experiment, the carbon sources, nitrogen
sources and inorganic salts were optimizedand
shown as follows: L- glutamate sodium 10 g/L, yeast
extract powder 14 g/L, NaCl 50 g/L, K2HPO4 0.59
g/L, MnSO4 0.1 g/L, MgSO4 10 g/L, pH 7.0 (Modified MG medium). $IWHUZDUGV Halomonas elongata
were incubated in 10 L fermenter with 10% inoculum for 25 h (200 rpm, 25 °C). The concentrations
of glucose solution and NaCl were maintained at
1±0.5g/L and 15% by supplementing of glucose and
solid NaCl since the OD600 reached 90. Ultimately,
the ectoine SURGXFWLYLW\ was up to 14.55±1.67
g/L/day, meanwhile, the ratio of hydroxyectoine was
less than 0.05%. Additionally, the recycle of the fermentation supernatant was viable and showed no adverse effects on ectoine yield.

KEYWORDS:
Halomonas elongata, ectoine, fermentation control, optimization, bench scale

INTRODUCTION
To survive in salty environments, halophiles
have evolved to cope with the extreme environments and avoid water loss. The osmotic balance
may have been contributed to by two mechanisms.
On the one hand, it benefited from the ion pumps on
the membrane. The pumps help in accumulating inorganic salts in the cytosol to resist the high extracellular salt concentrations [1]. On the other hand,
low-molecular weight natural compounds with
strong water binding properties may be synthesized
to offset the osmotic pressure [2]. These compounds
are not only exceptionally soluble and naturally inert, but also can be amassed to extremely high concentrations without altering the overall cellular
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Germany) with 10% inoculum size at 200 rpm and
25 °C for 25 h. The OD600 and pH values were monitored. Analysis of growth curve of H. elongata was
carried out by determining the OD600 values every 4
h until 48h. All the experiments were repeated 3
times. The medium was harvested for ectoine analysis by high performance liquid chromatography
(HPLC).

which lose sight of the fermentation process. As the
downstream part of production, fermentation plays
a critical role in quality control and yield improvement. The optimization of fermentation process has
always been a topic for decades. Salman [20] and
Chen et al. [21] all successfully elevated the fermentation levels by optimizing the medium or conditions.
The present study aims to optimize the medium
and fermentation conditions for enhancing the ectoine production in submerged cultivation of H.
elongata and suppressing the hydroxyectoine synthesis, simultaneously. On the basis of single-factor
test design experiment, carbon sources, nitrogen
sources, and inorganic salts were firstly investigated
on a small scale. Then the fermentation conditions
including the feeding time, feeding pattern, speed,
dissolved oxygen were determined in 10L fermenter.
Additionally, we found that the titer of the ectoine
has been increased by adding solid salt directly to the
medium during the fed batch cultivation.

Determination of ectoine and hydroxyectoine. The concentrations of ectoine and hydroxyectoine were analyzed by HPLC. An Agilent 1200
HPLC system (Agilent, USA) equipped with a
ZORBAX RX-6,/FROXPQ PP[PPȝP
Agilent, USA) was used. Briefly, (20 mmol/L
KH2PO4: acetonitrile =30:70) served as the mobile
phase which was driven by double pump (Agilent,
USA) at a flow rate of 1 mL/min. The column temperature was maintained at 30 °C and the injection
YROXPHZDVȝO The series of ectoine and hydroxyectoine standards were used to create calibration
curves was described previously [22]. 1 mL culture
PL[WXUHZDVK\GURO\]HGZLWKȝOYROXPHRIFRQ
centrated hydrochloric acid for 0.5 h. The solution
was then centrifuged at 3,200 g for 10 min to separate the hydrolysates, which were further analyzed
using the HPLC/UV system.

MATERIALS AND METHODS
Strains. H. elongata was obtained from Marine
Culture Collection of China and maintained on LB
agar plates at 25°C.

Screening of nutrients. Single-factor test design experiment was used to optimize the fermentation media of ectoine. Suitable media, carbon
sources, nitrogen sources, and NaCl concentration
were firstly investigated. Four different carbon
sources namely glucose, sucrose, L- glutamate sodium (MSG) and soluble starch were set as unique
variable when peptone was set as nitrogen source
with a concentration of 0.5%. The rest of the constituents of the medium were K2HPO4 1.18%, KH2PO4
0.30%, MnSO4 0.001%, MgSO4 0.04% and NaCl
5.85% (K2HPO4 and KH2PO4 were sterilized independently to avoid precipitating). Similarly, four different nitrogen sources namely peptone, yeast extract, NH4Cl and urea were set as unique variable
when glucose was set as carbon source and fixed at
0.5%. The OD600 or the ectoine yield were measured.
Then the NaCl concentration, phosphate concentration and temperature were also investigated. All the
experiments were repeated 3 times.

Medium preparation. MG medium: L- glutamate sodium 3.74%, K2HPO4 1.18%, KH2PO4
0.30%, MnSO4 0.001%, MgSO4 0.04%, yeast extract powder 0.10%, NaCl 5.85%, pH 7.0.
VVM15 medium: K2HPO4 0.05%, FeSO4
0.001%, glucose 1.1%, MgSO 4 0.65%, NaCl 14.6%,
KCl 0.1%, pH 7.0.
2216E medium: yeast extract powder 0.10%,
peptone 0.50%, FeC6H5O7.NH4OH 0.002%, NaCl
2.4%, MgCl2 1.1%, Na2SO4, CaCl2 0.2%, KCl
0.07%, KBr 0.01%, H3BO3 0.003%, Na2SiO3·9H2O
5ppm, SrCl2·6H2O 40ppm, NaF 3 ppm, NH 4NO3 2
ppm, Fe3(PO4)2 1 ppm, pH 7.5.
Feeding solution: glucose 80%, yeast extract
powder 8%, K2HPO4 0.8%.
Chemicals. L-glutamic acid sodium, K2HPO4,
KH2PO4, MnSO4, MgSO4, yeast extract powder,
NaCl, glucose, peptone, yeast extract powder, KCl,
MgCl2, Na2SO4 0.4%, CaCl2, KCl, KBr, H3BO3,
Na2SiO3·9H2O, SrCl2·6H2O, NaF, NH4NO3,
Fe3(PO4)2, ectoine and hydroxyectoine standards
and acetonitrile were all obtained from Sigma-Aldrich (St. Louis, Missouri, USA) .

Effects of multiple fermentation parameters
on ectoine production. The goals of fermentation
control in fermenter culture are straightforward: to
set and maintain controllable fermentation conditions to guarantee smooth fermentation and high ectoine yield. Fermentation control can be accomplished by monitoring and adjusting fermentation
parameters, including the dissolved oxygen (DO),
pH, cultivation time, rotational speed, ventilation

Submerged incubation and fermentation.
Seed culture of H. elongata was carried out in a liquid medium for 12 h at 25 °C, then it was transferred
into a shake flask or a fermenter (10 L, Biostat B;
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cultures were incubated at 25 °C for 25 h. However,
no obvious changes in VVM15 medium were observed. Meanwhile, the pH in MG medium was
strikingly increased compared with VVMI5 medium. This may be because 2216E medium and MG
medium were rich in inorganic salts and more suitable for the growth of H. elongata. However, considering the complexity in the medium preparation, MG
medium was ultimately chosen for further experiments although H. elongata showed higher specific
growth rate in exponential phase in 2216E medium.

volume and nutrition fed. The starting speed was 200
rpm and could be increased to 750 rpm once DO
value was below 30%. To maintain the DO value,
the pressure of the tank could be adjusted to 0.05
MPa properly if the speed reached 750 rpm. The pH
of the fermentation broth was maintained at 7.5±0.1
using ammonia. The ventilation volume was
changed into 1.6 m3/h in the logarithmic phase of H.
elongata. The feeding was carried out when DO
value returned to rise rapidly at about 18 h. After
feeding, samples were collected every 3 h to make
sure the glucose concentration was maintained at
1±0.5g/L. Solid NaCl was added directly into the
medium when the OD600 reached 90. The contents of
ectoine and hydroxyectoine were monitored every 2
h after feeding. All the experiments were repeated 3
times.

TABLE 1
Growth situation of strain on different medium.
H. elongata was cultured in a shake flask with
10% inoculum at 200 rpm and 25 °C for 25 h

Bench-scale test. The optimal fermentation
process obtained in previous sections was investigated in triplicate to validate the feasibility and stability of this process.

MG medium
VVM15
medium
2216E
medium

Fermentation supernatant recycle. Using ceramic membrane (Wtop Membrance Technology
Co., Ltd. Xiamen, 0.1 um, 25mm×500mm), cells
were filtered at 10-20 °C and further purified as described in [20]. The fermentation supernatant was sequentially 3 times concentrated in a rotary evaporator (RE-85C, Ningbo Yinzhou Sjialab Equipment
Co., Ltd.Ningbo, China). The conductivity, ammonia nitrogen (AN), total phosphorus (TP) and recycled chemical oxygen demand (COD) of the supernatant were determined by a COD-AN-TPMeter
(CHM-301, Shenzhen Changhong Instrument Co.,
Ltd. Guangdong, China). Then the supernatant was
reused in H. elongata fermentation, and ectoine was
analyzed by HPLC.

OD600

pH

Specific growth
rate(h-1)

2.99±0.21

7.51±0.29

0.5369±0.09

0.16±0.01

7.05±0.57

0±0

4.55±0.34

7.87±0.42

0.6427±0.03

Effects of nutrients and temperature on the
ectoine production. Selecting proper nitrogen
sources and carbon sources for optimization of fermentation media is important in improving biomass
and ectoine productivity [23]. Because they are essential elements in all the metabolic process, such as
protein and nucleotide synthesis. Among the multiple carbon sources and nitrogen sources tested, maximum OD600 was obtained in yeast extract (Fig.1A)
and MSG (Fig.1B), respectively. Therefore, yeast
extract and MSG were used as the optimal carbon
source and nitrogen source in the following experiments.
The effect of temperature on H. elongata fermentation has been investigated from 25 to 35°C
(Fig.1C). The results demonstrated that the maximal
ectoine productionwas acquired at 30°C.
Salinity provides appropriate pressure for halophiles to synthesize more ectoine [24]. The OD600
was increased to the maximum when the NaCl concentration of the growth medium was raised up to
5% (Fig.1D). However, the ectoine yield did not increase along with the increasing of NaCl concentration. Furthermore, effects of K2HPO4 concentrations
on the OD600 and ectoine yield were determined
(Fig.1E). 0.59% of K2HPO4 is more conducive to increase the ectoine yield. After process optimization
in flask, the cell density (OD600) of H. elongata increased by 79.7 % (from 20.64 to 102).

Statistical analysis. All qualities were described as mean±S.D. One-way analysis of variance
(ANOVA) was used to detect statistical significance
followed by post-KRFPXOWLSOHFRPSDULVRQV 'XQQ¶V
test). A value of P<0.05 was regarded as significant.

RESULTS AND DISCUSSION
Screening of media. The first step in optimizing the fermentation process for H. elongata is to
find a suitable culture medium. Three different media including MG medium, VVM15 medium and
2216E medium were screened. The growth stages
were indicated in Table 1. A higher OD600 value was
noted in 2216E medium and MG medium when the
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FIGURE 1
OD600 values of H. elongata produced when cultured for 2 h at 25°C in liquid medium containing different
carbon sources (A) and nitrogen sources (B). Four different carbon sources were glucose, sucrose, MSG
and soluble starch, respectively. Four different nitrogen sources were peptone, yeast extract, NH4Cl and
urea, respectively. Optimization of ectoine production. (C) Effects of temperature on the OD 600 value varied from 25-35°C. (D) Effects of NaCl concentration on the OD600. (E) Effects of K2HPO4 concentration on
the production of ectoine. (F) Analysis of growth curve of H. elongata before or after the optimization by
determining the OD600 values every 4 h. Error bars respresent standard deviations from triplicate biological replicates.
TABLE 2
Fermentation parameters of H. elongata in fed batch cultivation
Time
㸦h㸧

DO
(%)

Ventilation
(m3/h)

Speed
(rpm)

Ectoine
(g/L)

Hydroxyectoine
(%)

3
6
9
12
16
18
19
21
25

41.30±0.21
48.10±2.13
80.00±3.24
17.50±1.98
0.00±0.00
21.00±0.96
89.0±2.49
100.0±4.84
100.0±4.91

0.60
0.80
1.60
1.60
1.60
1.60
1.60
1.60
1.10

200
500
750
750
750
750
750
750
750

\
\
\
\
\
\
6.24±0.48
8.44±3.23
13.95±3.21

\
\
\
\
\
\
0.09±0.01
0.07±0.02
0.11±0.02

Comment

#

*

#: Feeding time for glucose; *: Feeding time for solid NaCl.
directly into the medium for 5 times (128 g per time),
the NaCl concentration was maintained at 15%until
the end of fermentation. In order to ensure the sterility after each feeding , culture had to be monitored
for 2 h. After 25 h, the ectoine yield reached
13.95±3.21 g/L and the OD600 reached 120±3.47,
which was significantly higher than that in flask reactions. Moreover, the ratio of hydroxyectoine in the
fermentation broth was controlled below 0.05%.
Data showed that the cell density was strikingly increased after optimization and fermentation time was
significantly decreased (Fig.1F).

Effects of multiple fermentation parameters
on ectoine production. Ectoine fermentation optimization was also performed with higher density
cells in a 10L fermenter. The parameters of Fedbatch fermentation has been accurately controlled
(Table 2). The glucose and nitrogen were consumed
for 8 h and feeding solution was added into the reaction system to keep the glucose level at 1±0.5g/L.
The DO value and speed were adjusted by the cascade control system. The initial speed was 200 rpm
and could be adjusted to 750 rpm when the DO value
was below 30%. When the reaction proceeded for 18
h and the OD600 reached 90, solid NaCl was added
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FIGURE 2
The chromatograms of fermentation products. A single peak appeared at 17.356 min represents ectoine,
and peak appeared at 22.312 represents hydroxyectoine.
TABLE 3
Impurities analysis and properties of the fermentation supernatant
Impurities
Content
Impurities
Content
Sb
㸺0.01ppm
Protein
2.61%
As
㸺0.10ppm
Pb
㸺0.01ppm
Cd
㸺0.01ppm
Ni
0.01ppm
Cr
1.11ppm
Hg
㸺0.01ppm
Residue on ignition
0.1%
pH
7.18±0.32
Conductivity(us/cm)
196000±200
COD (mg/L)
108581±291
AN (mg/L)
868±23
TP (mg/L)
870±53
TABLE 4
Ectoine fermentation using the recycled fermentation supernatant.
OD600
Ectoine (g/L)
Hydroxyectoine (%)
Recycling once
113±2.42
14.48±1.92
2.71±0.29
Ectoine possesses excellent capability in stabilizing enzymes and all the macromolecules [25]. In
recent decades, ectoine has been in high demand in
industrial production and has wide application proVSHFWV6DXHU7HWDO>@XVHGD³EDFWHULDOPLONLQJ´
technique which involved periodic increase and decrease of the salt concentration for ectoine yield in
WKHODWH¶VDQGWKLVSURFHVVZDVWKHILUVWSURFHVV
applied in industry for the large-scale production of
ectoine. However, this process is obsolete and in the
meanwhile was replaced by a process using ectoine
excreting strains of H. elongate [17]. Recently, Fallet
et al. [27] utilized two continuous bioreactors to optimize the fermentation process, the yield of ectoine
and hydroxyectoine reached 540 and 400 mg/g dry
cell weight in E. coli, respectively, which should be
the highest level reported so far. Furthermore, with
developments in the in-depth knowledge of ectoine
biosynthetic mechanism, gene recombination technology has been applied increasingly to ectoine production [28,29]. In our present study, to improve the
ectoine yield and reduce the production cost, some
influencing factors were investigated in bench-scale
experiment. The feeding solution and solid NaCl

Bench-scale laboratory test. A confirmation
experiment was carried out based on the optimal fermentation process. 14.55±1.67 g/L/day of ectoine
was obtained. The chromatograms of fermentation
products were shown in Fig.2. The content of the intermediate product, hydroxyectoine (peak at 22.312
min), was lower than 0.05%. It suggested that this
optimal process could be applied to industrial production.
Effects of recycled fermentation supernatant on ectoine production. The fermentation supernatant was rich in inorganic mineral with low
cost, thus can be recycled in the ectoine production.
The characteristics of the recycled supernatant were
shown in Table 3. Considering the high inorganic
mineral concentration of the recycled fermentation
supernatant, a mixture ( initial medium : recycled
fermentation supernatant = 4:1) was used in ectoine
fermentation, and (feeding medium : recycled fermentation supernatant = 3: 1) was used in feeding
section. The results (Table 4) indicated that no significant adverse effects on ectoine yield were observed.
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(1999) Involvement of the compatible solutes
trehalose and sucrose in the response to salt
stress of a cyanobacterial Scytonema species
isolated from desert soils. Biochim Biophys
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a high-salinity environment. J Biosci Bioeng.111(3),336-342.
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Zhu, D., Wang, C., Nagata, S. (2006) Supplementation effect of ectoine on thermostability
of phytase. J Biosci Bioeng.102(6),560-563.
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McMullen, L.M., Gänzle, M.G. (2012) Compatible solutes contribute to heat resistance and
ribosome stability in Escherichia coli AW1.7.
Biochim Biophys Acta.1824(12), 1351-1357.
[8] Bell, A.N., Magill, E., Hallsworth, J.E., Timson, D.J. (2013) Effects of alcohols and compatible solutes on the activity of beta-galactosidase. Appl Biochem Biotechnol. 169(3), 786794.
[9] Roychoudhury, A., Bieker, A., Häussinger, D.,
Oesterhelt, F. (2013) Membrane protein stability depends on the concentration of compatible
solutes--a single molecule force spectroscopic
study. Biol Chem.394(11),1465-1474.
[10] Abdel-Aziz, H., Wadie, W., Scherner, O., Efferth, T., Khayyal, M.T. (2015) Bacteria-Derived Compatible Solutes Ectoine and 5alphaHydroxyectoine Act as Intestinal Bar-rier Stabilizers to Ameliorate Experimental Inflammatory Bowel Disease. J Nat Prod.78(6),13091315.
[11] Harishchandra, R.K., Sachan, A.K., Kerth, A.,
Lentzen, G., Neuhaus, T., Galla, H.J. (2011)
Compatible solutes: ectoine and hydroxyectoine improve functional nanostructures in artificial lung surfactants. Biochim Biophys Acta.
1808(12),2830-2840.

were added into the fermenter directly on the premise of sterility when the OD600 reached 90. The concentrations of glucose and NaCl were maintained at
1±0.5g/L and 15%, respectively. After optimization,
the ectoine yield reached 14.55±1.67 g/L/day and the
ratio of hydroxyectoine in the fermentation broth
was controlled below 0.05%.
Temperature plays an essential role in ectoine
biosynthesis [30]. A little bit rise of temperature may
lead to sharply increasement of hydroxyectoine.
Therefore the temperature was kept at 30Ԩ during
the fermentation which is consistent with other reVHDUFKHV¶ UHSRUW )XUWKHUPRUH supplement of solid
NaCl results in the reduction of fermentation broth
volume. Thus it is not only beneficial to the subsequent purification of ectoine (described in our separate experiment), but also reduces the discharge of
waste liquid. However, similar as temperature, high
salinity also lead to high impurity. So in this work,
the NaCl concentration was maintained at 15% and
the feeding time has to be controlled.
Another point we would like to emphasize here
is the recycling of the waste in this experiment. In
order to save costs, the recycled fermentation supernatant was successfully used in ectoine fermentation
with no adverse effect. However, the proportion of
the impurities increased about 2%, but still lower
than 5%. Altogether, by optimizing the fermentation
medium and conditions, a low-cost, short, ectoine
high-yield and high purity process was obtained.
This work offers great foundation in the ectoine industrial-scale production.
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house cultivation in the Mediterranean region aims
fresh consumption. Tomato is the leading crop in
greenhouse cultivation with 3,399,100 tons [1]. In
greenhouse tomato cultivation, soil-borne pathogens cause significant disease problems due to the
long term cultivation of single crop on the same
field.
Fusarium oxysporum contains significant plant
root disease pathogens among the soil-borne fungi.
In earlier times, it was known that Fusarium wilt
disease induced by Fusarium oxysporum f.sp. Lycopersici (FOL) in Eastern Mediterranean region
greenhouse tomato cultivation was prominent, later
on, caused by Fusarium oxysporum f. sp. radicislycopersici (FORL) was frequently observed [6].
The FOL induced wilt disease can be prevented by
resistant cultivar production and soil disinfection.
However, commercially available FORL induced
Fusarium crown and root rot disease resistant domestic cultivars are not sufficient. FORL causes
single and multi-cycle infections during a cultivation year [26]. Especially FORL causes loss of
crops of up to 90% in greenhouse tomatoes due to
in-season microconidia spreading and multi-cycle
infections [12]. Thus, selection of disease resistant
cultivars is the most economical and sustainable
method in soil-borne disease control.
Today, the rapid advances in molecular markers in biotechnology in disease control gained significance in plant breeding. Molecular marker assisted selection (MAS) saves time and space in
selection of plants with specific genomic regions
using molecular markers that express the desired
characteristics [20]. The preference gene of the
closest primer used in breeding is important for the
reliability of the results. The FORL-related genetic
resistance is controlled by a single (Fr1 gene) dominant gene [27]. In recent years, in a study conducted by Mutlu et al. [19], SCAR marker was converted into a co-dominant SCAR at close proximity of
the Frl gene, at 0.016 cm distance, and SCARfrl
marker that could demonstrate whether resistance
heredity was heterozygote or homozygote was
introduced to breeding studies.
Plant parasite nematodes, one of the most important hazards for vegetable crops, cause an average annual yield loss of 5-43% in plant cultivation

ABSTRACT
Fusarium crown and root rot disease (Fusarium oxysporum f.sp. radicis-lycoperisici-FORL)
causes significant yield losses in greenhouses
tomato cultivation. The present study was conducted to determine the interaction between FORL and
root-knot nematode (Meloidogyne incognita), in
FORL resistant tomato genotypes (AL-4, AL-9,
AL-21) identified with PCR technique (SCARFrl). A
synergistic interaction occurred between pathogens
in tomato lines in inoculations that were conducted
in concomitant (fungus + nematode) and sequential
(nematode + fungus after 15 days / N + 15 days F
and fungus + nematode after 15 days / F + N 15
days) inoculations to determine FORL and rootknot interactions. In the presence of M. incognita
(1000 juveniles plant/ pot), symptoms such as severe wilt and browning in vascular system were
observed in the plants. It was determined that in
concomitant inoculations of FORL and M. incognita (91.67%, 86.17%, 94.47%) and in sequential
N+15 days F (83.37%, 75.0%, 81.67%) and F+15
days N (68.33%, 56.67%, 61.66%) inoculations,
wilt symptoms and disease severity occurred earlier
and more severe. It was found that the tomato genotypes lost their resistance against FORL disease in
tomato genotypes that were recorded as resistant to
FORL disease in molecular and classical tests of
pure fungi inoculations.

KEYWORDS:
Fusarium
oxysporum
f.sp.
radicis-lycoperisici,
Meloidogyne incognita, marker assisted selection, PCR,
interaction, tomato

INTRODUCTION
Global vegetable production is about 1.1 billion tons. Vegetable cultivation in Turkey has increased by 2.4% in 2016 and ranked 4th in the
global vegetable production with 30 million 267
thousand tons after China, India and the USA.
While cultivation in Marmara and Aegean Regions
are predominantly for industrial production, green-
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cycles of 30 s at 95 ° C, 45 s at 53 °C, 50s at 72 °C
and final elongation of 10 min at 72 °C, were programmed on a GeneAmp 9700 thermocycler.
The PCR products were electrophoresed in a
1.5% agarose gel and the gel was stained with 0.5
ȝJ  PO (WKidium Bromide solution, and the obtained fragments were imaged under UV light to
record the findings [20]. In the obtained agarose gel
images, samples with 950 bp fragments for FORL
resistant SCARfrl primer were accepted as sensitive
and samples with 1000 bp fragments were considered as resistant and samples with 1000 bp fragments were considered as heterozygous resistant
[19]. In molecular studies, validation and classical
testing of FORL-resistant tomato lines were conducted according to seedling root layering method
(106 spores / ml FORL). The test for validation of
the plants was conducted by examining the symptoms in sensitive type Hazera 5656 plants and
browning in the vascular system on a 0-4 scale and
classified as resistant (0: symptom free plants) and
VXVFHSWLEOH SODQWVZLWKV\PSWoms) [5].

worldwide [28]. During periods when these parasites are prevalent and when necessary precautions
are not taken, the loss rate approaches 80-100%
[16]. The root-knot nematodes are characterized by
small to medium knot formations in plant roots and
create a new generation every 3 to 6 weeks when
conditions such as soil temperature and moisture
are adequate [21]. The knots formed in the root
system break down the circulation tissues of the
plant, limiting water and nutrient exchange with the
soil. If the population density is high, the plant may
dry completely. It was reported that root-knot
nematodes cause significant yield losses in vegetable cultivation worldwide, reaching 42-54% loss in
tomatoes [21]. Root-knot nematodes also cause
indirect damages by opening the door for other
disease agents. It is known that the roots of rootknot nematodes feed on many root-induced disease
factors. Soil-borne disease agents that cannot cause
infection under normal conditions can easily infect
plants that are damaged by nematodes In several
studies conducted on nematode and fungus interaction, it was reported that fungi pathogens are observed earlier and their severity increased when
nematode is present [3].
The present study aimed to determine the resistance to FORL disease that cause significant
yield losses in greenhouse tomato fields in the Eastern Mediterranean Region using molecular markers
and to identify the interaction between resistant
genotypes and root-knot nematode.

Root-knot nematode application on FORL
resistant tomato lines. In determination of the
interaction of root-knot nematode in FORLresistant tomato lines, the PDA medium was used
for spore suspension of FORL isolates. The FORL
isolate was incubated at 25 0 C for 7 days. In the
experiment, FORL inoculation was conducted by
applying 50 ml spore suspension containing 1x106
spores/ ml to the roots of four week old tomato
seedlings [5].
In nematode inoculations, populations of M.
incognita obtained from pure cultures were mass
reproduced in nematode sensitive tomato seedlings
(Hazera 5656). Second period infective juveniles
were obtained from the produced plants according
to the Baermann funnel method, and prepared for
inoculation to the plants [13]. The second-period
juveniles obtained were inoculated to a soil depth of
about 2 cm in the root zone at the rate of 1000 second-period juveniles per tomato plant.
The experimental design included the FORL
(F) and root-knot nematode (N) alone, Fungus +
nematode (F + N) concomitant and in 15 day intervals (nematode + fungus after 15 days / N + 15 days
F and fungus + nematode after 15 days / F + 15
days N) applications. As control, plants received no
application. In fungus and nematode inoculations,
the suspensions of the two pathogens were applied
homogeneously and meticulously to the root zone
of the plants.
The experiment was set up according to the
completely randomized design. For each genotype
in the experiment, 5 pots and 3 plants in each pot
were set up for each application. The 30 × 30 cm
pots were set up with sterile soil: perlite: sand (1: 1:
1) medium in climate chamber with 26 ± 2 ° C
temperature, 16 hours light and 8 hours dark and

MATERIAL AND METHODS
In the present study, FORL resistance of 32
tomato genotypes were identified with PCR method
using the SCARfrl primer [19]. Fla.7781 and Tayfun
F1 were used as FORL-resistant positive controls
and Hazera 5656 were used as sensitive cultivar in
molecular and classical experiments [14]. In the
study, the FORL isolate, which is the regional isolate with code AO- $GDQDOÕR÷OX0HUVLQ  were
used [6]. Melodiogyne incognita was procured from
the Department of Nematology in Adana Biological
Control Research Institute stock cultures.
DNA isolation and PCR conditions in
FORL resistance. DNA Purification Mini Kit
(Thermo K0792) was used for total genomic DNA
isolations tomato lines against FORL. For this purpose, 100 mg young fresh leaves taken within the
period with 2-4 leafs from tomato lines that would
be tested for resistance and for positive controls.
For PCR reacWLRQ ȝ/ ȝ/'UHDP7DT*UHHQ
PCR Master Mix (Thermo) (0.5 U Taq polymerase,
2X DreamTaq Green buffer, 0.4 mM dNTP and 4
P0 0J&O   ȝ/ SULPHU DQG  ȝ/ '1$  QJ 
were used. PCR conditions for SCARfrl primer; 3
min pre-denaturation at 95 ° C, followed by 35
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dominant in yield and certain properties of quality,
was tested by PCR method using SCARfrl primer in
the study. In the study, heterozygous resistance
fragments were obtained in 3 (AL-4, AL-9, AL-21)
out of 32 F2 populations of tomato genotypes in
agarose gel at 950-100 bp fragment, while in the
other 29 genotype, susceptible fragments were
obtained at 950bp (Figure 1, 2). In a study by Morid
et al. [20], FORL and FOL resistance of total 27
tomato cultivars and F1 lines were investigated
using RAPD and CAPS markers. As a result, it was
determined that 20 tomato cultivars were resistant
to FORL and 7 were susceptible, while 14 resistant
and 13 susceptible cultivars were determined in the
case of Fusarium wilt. In that study, results of molecular studies were confirmed by pathogenicity
test. In a study by Pinar et al. [23], 450 tomato lines
were scanned with SCAR and CAPS markers, developed based on the race I-1 and I-2 genes of FOL.

60-70% relative humidity at Biological Control
Research Institute in Adana/Turkey. Forty-five days
after FORL and nematode application, the disease
severity (%) and disease index value were assessed
on a 0-4 scale by observing the foliage wilting and
turgor loss, growth deficiency, and browning in
sections of crown and root [15]. The gall index
value was determined using a scale of 1-5 to indentify the interaction of between the applications with
the nematode galling rate [30]. The study data was
evaluated with LSD test (0.05) and analysis of variance (ANOVA).

RESULTS
Determination of FORL resistant tomato
genotypes. Fusarium crown and root rot disease
resistance, which causes significant yield loss in
tomato cultivation, of 32 tomato genotypes, pre-

FIGURE 1
Agarose gel electrophoresis PCR products amplified with SCARfrl primer on 32 tomato genotyps.
(M: Moleculer marker, 1000bp; 4,9,21: Heterozigot resistant tomato genotpye (950-1000bp); other all genotyp: Susceptible (950 bp); HD:
Heterozygote resistant control (Tayfun F1); S: susceptible control (Hazera 5656); NC: negative control).

FIGURE 2
PCR fragments indicate SCARfrl primer amplified from Fusarium crown and root rot resistant AL-4,
AL-9 and AL21 tomato genotypes.
(M: Moleculer marker, 1000bp; Rr: heterozygote resistant; RR: homozygous resistant; rr: susceptible genotypes; NC: negative control).
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AL-21) identified as FORL resistant were investigated using molecular markers. Fungus and nematode concomitant (fungus + nematode) and sequential inoculations of the pathogen after 15 days
(nematode + fungus after 15 days / N+15 days F
and fungus + nematode after 15 days / F + 15 days
N) experiments were set up in tomato lines to determine FORL and root-knot interactions. In the
experiment, no symptom was observed only in
fungus application in FORL-resistant lines, while
symptoms such as wilt in the plant and browning in
the crown and the vascular system were observed in
all applications where M. incognita was present. It
was observed that wilt symptoms and disease severity occurred earlier and more severe in FORL and N
concomitant inoculations (91.37%, 86.11%,
94.44%), when compared to sequential N + 15 days
F (83.33%, 75%, 81.67%) and F + 15 days N
(68.33%, 56.63%, 61.66%) applications (Table 1).
The highest disease severity in the FORL-resistant
tomato cultivars was observed in nematode and
fungus concomitant applications in AL-21 cultivar
with 94.44%, followed by Al-4 and Al-9 cultivars
(Figure 4).

The 88 tomato lines produced the I-1 gene resistance allele fragment, 74 lines produced the I-2
gene resistance allele fragment. The results obtained in the study demonstrated that the molecular
markers developed for FOL could be utilized rapidly and reliably for development of cultivars in the
related populations.
As a result of molecular studies, FORLresistant 3 tomato genotypes were also confirmed
by classical test using seedling root layering method
(Figure 3). Although these type of markers, of
which Frl gene resistance is in close proximity (at
0.0016 cm distance to the gene), similar to SCARfrl
markers, are close to the gene and their recombination rate is very low, it was reported that the resistance to the disease should be verified with classical tests that would be conducted at regular intervals in crossbreeding programs of breeding material
that were identified as resistant using markers [18]
Determination of the interaction between
FORL and root-knot nematode. In the study, the
interactions between the concomitant and sequential
inoculations of FORL and root-knot nematode (M.
incognita) in three tomato genotypes (AL-4, AL-9,

FIGURE 3
Verification of Fusarium crown and root rot resistant with clasiccal testing.
TABLE 1
Root-knot nematode interaction in FORL resistant tomato genotypes
Applications

AL-4 tomato line

Nematode (N)
Fungus (F)
N+F
N+ 15 days F
F+15 days N
Control
Lsd 0,05

Disease
Severity
(%)
0.00 d
0.00 d
91.67 a
83.33 b
68.33 c
0.00 s
4.26

Disease
Index
(0-4)
0.0 d
0.0 d
3.7 a
3.3 b
2.7 a
0.0 d
0.16

AL-9 tomato line
Gall
Index
(0-5)
5.0 a
0.0 d
4.6 ab
4.4 b
3.8 c
0.0 d
0.46

Disease
Severity
(%)
0.00 d
0.00 d
86.11 a
75.00 b
56.67 c
0.00 d
3.35

6788

Disease
Index
(0-3)
0.0 d
0.0 d
3.5 a
3.0 b
2.5 c
0.0 d
0.13

AL-21 tomato line
Gall
Index
(0-5)
5.0 a
0.0 d
4.5 b
4.5 b
3.1 c
0.0 d
0.35

Disease
Severity
(%)
0.00 d
0.00 d
94.44 a
81.67 b
61.66 c
0.00 d
3.53

Disease
Index
(0-3)
0.0 d
0.0 d
3.8 a
3.3 b
2.5 c
0.0 d
0.14

Gall
Index
(0-5)
5.0 a
0.0 d
4.7 ab
4.5 b
3.3 c
0.0 d
0.35
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FIGURE 4
Interaction of Fusarium oxysporum f.sp. radicis lycopersici and Melodiogyne incognita in tomato genotypes.
(a,b: Concomitant inoculation of N+F; c,d: N+ 15 days before F inoculation; e,d: F+ 15 days before N
inoculation and uninoculated control plant).
In the present study, it was determined that the
nematode gall index value decreased in all tomato
genotypes and that there was a synergistic interaction between the fungus and nematode in concomitant and sequential inoculations of FORL and rootknot nematode (M. incognita). These findings have
been reported in previous studies on the negative
effects of M. incognita on growth in the presence of
some soil-borne fungi in many crops [10]. ElShawadty et al. [7] reported that the attack of the
nematode on the plant did not differ in the presence
of fungus, however gall density and female nematode development were affected due to attack of
fungus on the nematode cells. Thus, they stated that
nematode reproduction in the plant was restricted,
furthermore, toxic metabolites produced by the
fungus decreased the second-period juveniles and
egg packs of nematode.
In a study that identified the interaction between M. incognita and Rhizoctonia solani, it was
reported that concomitant inoculation suppressed
plant growth and increased the severity of pathogenic fungi in the roots. Nematode production was
reported to be adversely affected by all inoculations
in the presence of fungi [2]. Disinfestation conducted after the disease symptoms were observed in
soil-borne disease control in tomato cultivation is
not effective or economical. Especially since the
root-knot nematodes are endoparasitic, any control
that would be conducted after the infection of the
plant would not be successful. In addition to direct
damage of root-knot nematodes, they cause indirect
damages by preparing the plant for bacterial diseases and providing a space of entry for the disease
pathogens via the entry points they create during

The literature on the interaction between
Fusarium and root-knot nematode species in several
crops demonstrated that the presence of nematodes
increased wilt in Fusarium susceptible or resistant
plants such as tomatoes [9], cucumber [11], chickpeas [17], beans [10], lentils [8]. In the present
study, it was found that the tomato genotypes recorded as FORL resistant, lost their resistance
against FORL in the presence of nematode in fungus only inoculations in molecular and classical
tests.
Bowan and Bloom [4], reported that, in nematode applications before fungus inoculation, M.
incognita nematode species broke down Fusarium
wilt resistance in tomatoes. In a study, Porter and
Powell [24], reported that when the nematodes were
applied before the fungus, the tobacco plant experienced a very severe wilt. They also emphasized that
certain changes in host physiology must precede the
fungus inoculation, and that host and nematode
species are significantly effective on nematodefungus interactions. Only M. javanica increased the
severity of wilt in this study.
In a study conducted to determine the interaction between M. javanica and Fusarium oxysporum
f.sp. ciceris (FOC) in chickpea cultivars, it was
reported that a synergistic interaction occurred
between the two pathogens in fungus and nematode
concomitant and sequential inoculations. Synergistic interaction was higher in concomitant inoculations when compared to sequential inoculations. In
the study, it was reported that the FOC resistance
was lost due to the modification effect of the nematode on host physiology and biochemistry and root
injury [17].
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[5] Çolak, A., Biçici, M. (2011) Determination
Differantiating of Fusarium oxysporum formae
spseciales and determination incidence,
severity and prevalence of Fusarium wilt and
crown - root rot in protected tomato growing
areas of East Mediterranean Region of Turkey.
Plant Protection Bulletin. 51(4),331-345.
[6] Çolak, A., Biçici, M. (2013) PCR detection of
Fusarium oxysporum f.sp. radicis-lycopersici
and races of F. oxysporum f.sp. lycopersici of
tomato in protected tomato growing areas of
Eastern Mediterranean Region of Turkey.
Turkish Journal of Agriculture and Foresty. 37,
457-467.
[7] El-Shawadfy, Moussa, M., Nigel, G. and
Hague, M. (1988) Influence of Fusarium
oxysporum f. sp. glycines on the invasion and
development of Meloidogyne incognita on
soybean. Revue de Nematol. 4,437-439.
[8] Fazal M., Khan, M.I., Raza, M.M.A., Siddiqou,
Z.A. (1994) Interaction Between Melodiogyne
incognita and Fusarium oxysporum f.sp. lentis
on Lentil. Nematol. Medit. 22,185-187
[9] Fattah,
F.A.,
Webster,
J.M.
(1983)
Ultrastructural Changes Caused by Fusarium
oxysporum f. sp. lycopersici in Meloidogyne
javanica Induced Giant Cells in Fusarium
Resistant and Susceptible Tomato Cultivars.
Journal of Nematology. 15(1),128-135. 1983.
[10] France, R.A., Abawi, G.S. (1994) Interaction
between Meloidogyne incognita and Fusarium
oxysporum f. sp. phaseoli on selected bean
genotypes. Journal of Nematology. 26(4), 467±
474.
[11] Fritzsche, R., Pelcz, J., Oettel, G., Thiele, S.
(1983) Interaction between Meloidogyne incognita and Fusarium oxysporum f. sp.
cucumerinum in greenhouse cucumbers. Tagungsbericht. 216, 685 - 690.
[12] Hibar K. (2002) La fusariose du collet et des
racines de la tomate: Pathoge´nicite ´ et
PR\HQV GH OXWWH 0HPRLUH GH 'LSORÖPH
G¶(WXGHV $SSURIRQGLHV HQ 3URWHFWLRQ GHV
Plantes et Environnement. Tunisie, Ecole Supe´
ULHXUH G¶+RUWLFXOWXUH HW G¶(OHYDJH GH &KRWW
Mariem. 2002, 54 pp.
[13] Hussey, R.S., Janssen, G.J.W. (2002) Rootknot
nematodes: Meloidogyne species.
In: Plant
resistance to parasitic nematodes. Starr, J.L.,
Cook, R. and Bridge, J. (eds). CAB Publishing,
Pp. 43-70, Wallingford, United Kingdom.
[14] .DEDú, A.øOEL, H., Mutlu, N., Ünlü, A. (2012)
'RPDWHVWH .|N 9H .|N %R÷D]Õ dUNO÷QH
Neden Olan Fusarium oxysporum f. sp. radicis
O\FRSHUVLFL¶\H 'D\DQLNOLOL÷LQ .DOLWLPL %DWÕ
$NGHQL] 7DUÕPVDO $UDúWÕUPD (QVWLWV 'HULP
Dergisi. 29 (1),1-8.

their entrance into the root [29]. It was reported that
Fusarium wilt pathogens develop more rapidly in
plants damaged by root-knot nematodes, causing
severe infections in plants where disease pathogens
that are normally non-pathogenic or mildly pathogenic could result in severe infections in plants
damaged by root-knot nematodes [25].

CONLUSION
Fusarium crown and root rot disease induced
by the soil-borne pathogen F. oxysporum f. sp.
radicis-lycopersici could result in up to 90% loss in
yield in tomato cultivation [2]. The present study
accelerates tomato breeding studies with determination of resistance to diseases based on molecular
markers and provides selection of hundreds of
plants in a day by saving time and space in selection
of the hybrids made by the selection of the desired
genotypes. The FORL resistant tomato lines determined in the study contributed to the breeding studies in for new cultivars in the hybridization programs and their use as parents. It was determined
that the use of FORL-resistant cultivars was effective in the control, but the resistance was broken in
the presence nematodes of soil-borne pathogens. To
increase the efficiency of soil-borne pathogen control, it is necessary to consider the system as a
whole and utilize combined control applications to
protect the environmental resistance, in addition to
the selection of resistant cultivars. Thus, determination of the presence of nematodes before the plantation in tomato cultivation areas and timely control
are significant for soil-borne pathogens. According
to the results of this study, in breeding studies, in
addition to being resistant to a single disease, the
necessity of studies for cultivars that are resistant
against more than one disease such as nematode
was demonstrated.
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INVESTIGATIONS CONCERNING THE VULNERABILITY
OF TREES TO CAVITATION DURING DROUGHT IN
TOURTEEN ASIAN SUBTROPICAL WOODY SPECIES
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reported that plant hydraulic conductance is one of
the factors limiting primary production [7, 8], and is
continuously impacted by embolism.
Cavitation, the process by which conduits become air filled when water transported through the
xylem under a negative pressure status [9], is temporarily or permanently cease to function [10]. When
exposed to drought stress, woody plants regulate water loss by stomatal control to maintain an appropriate level of xylem pressure and prevent excessive xylem cavitation. As soil dries, plants cannot be more
hydrated than the soil in which they are growing unless roots disconnect from it. In many cases, plants
do open their stomata even if that leads to xylem cavitation because they can still benefit from photosynthesis gain. Therefore, stomatal control allows cavitation to accumulate within the xylem as long as they
benefit of carbon gain is greater than the risk of dehydration due to increased damage to the xylem conduits.
It has been recognized that hydraulic failure is
one of the key factors leading to drought-induced
mortality in woody plants [11, 12]. Along with the
drying progress of soil, the pressure of water column
in the xylem gets greater, increasing the probability
of cavitation occurrence. The capacity of moving
water in plants is compromised due to embolized xylem vessels. As drought gets more intense, xylem
embolism becomes more extensive, ultimately resulting in the plant death. Increasing evidence indicates that the capacity of woody plants to respond to
drought condition is strongly related to their cavitation resistance. Cavitation resistance thus represents
a significant trait for defining the limits of drought
tolerance across woody species. Cavitation resistance which is mainly determined by differences
in the xylem structure varies widely among species
[13]. A clear safety vs efficiency trade-off margin,
where long and wide vessels, together with increasing porosity of pit membranes enhances conductance
but also makes conduits more susceptible to cavitation, according tRWKH³UDUHSLWK\SRWKHVLV´[14, 15].
However, it is noted that recent studies have shown
that the main trait related with resistance to embolism is the pit membrane thickness for angiosperms
[16] and the torus overlap for conifers [17].

ABSTRACT
Hydraulic conductivity and cavitation resistance are important in the investigation of drought
damage to trees. The negative xylem pressure causing a 50 % loss of conductivity (P50) is usually used
to assess cavitation resistance of the xylem conduits
of trees. The hypothesis that greater safety due to
cavitation comes at the cost of less efficient conductivity and less cavitation resistance change before
and after water stress was tested in fourteen plant
species. The resistance to cavitation of all sampled
species was variable, however, a significant positive
correlation was observed between P50 and Ks, resulting in a pronounced trade-off between efficiency and
drought-induced cavitation. Following a drought-refilling cycle, most of the sampled species showed
cavitation fatigue, and the species with more negative P50 were characterized by a large change in cavitation resistance, while the species with moderate
P50 (usually above ± 2 MPa) could restore > 60 % of
their original cavitation resistance. Diverse strategies must be developed by trees to adapt to increasing situations of water stress. These findings provide
insight into the safety margins of trees in response to
drought.

KEYWORDS:
Hydraulic conductivity, cavitation, drought, subtropical
woody tree

INTRODUCTION
Drought is a worldwide environmental problem, which considerably impacts growth and development in plants, and shapes geographic distribution
for individual species [1, 2]. Drought has been
widely considered to be responsible for forest mortality events over the past few decades, with other
abiotic and biotic factors combinated [3, 4]. Global
warming may cause drought-induced forest change
and limit primary productivity [5, 6], and is a key
factor affecting terrestrial ecosystems. It has been
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TABLE 1
Experimental information of examined species.
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pressure, the effects on efficiency and safety, and the
hydraulic architecture of plants. However, the hydraulic reasons that some plants survive while others
die under drought condition are not completely understood in spite of growing evidence that mortality
is linked with vascular damage and loss in hydraulic
conductance in the soil-to-canopy continuum [32].
Few studies involve the correlation between cavitation resistance change and drought tolerance aside
from conductance and P50. In this study, we used a
Cochard centrifuge [33-35] to induce negative pressure, which we assumed to have the identical impact
of soil-based drought events, and generated vulnerability curves for 13 species from 8 families, including gymnosperms and angiosperms, trees and
shrubs, evergreen and deciduous species with different degrees of drought susceptibility. Together with
data obtained from related papers, we explored the
relationship between the resistance to cavitation and
drought tolerance, and provide a brief update on the
role of cavitation resistance in plant survival and
mortality during drought.

The resistance of a plant to cavitation is described by the relationship between xylem pressure
and the loss in xylem hydraulic conductance. Xylem
cavitation is often documented in terms of the percentage loss of conductivity (PLC), an indicator of
air filling of the conduits. Vulnerability curves are
plots of PLC and xylem pressure (Px), where P50 refers to the pressure at which 50 % loss of conductivity occurs. P50 is the most commonly used index of
embolism resistance [18, 19]. Indeed, plants growing
in semi- or arid regions are of capacity to droughtinduced cavitation (more negative P50 values) but
experience a stronger limitation power of minimum
water potential than those growing in humid environment [20]. However, Choat et al. [21] noted that
there are plenty of species with weak cavitation resistance (P50 > -1 MPa) growing in dry or seasonally
dry areas.
Numerous species are well known to be capable of refilling cavitated conduits [22-27]. However,
the cavitation resistance of plants may be altered after the drought events. In resilient species, e.g. Acer
negundo, Alnus incana [28] and Populus spp.
Walker clone [29], no significant difference is observed between cavitation resistance before and after
a cavitation-refilling cycle. In contrast, in weakened
species, cavitation fatigue occurs, which is estimated
by the shit in the vulnerability curve before versus
after a cavitation-refilling cycle. A large number of
species were reported to be µweakened¶ species, in
which the P50 change before and after a drought-induced event can reach up to 1.5 MPa in Populus
tremuloides. Feng et al. [30] proposed two calculation formulas of cavitation fatigue (absolute cavitation fatigue and relative cavitation fatigue) and
found that the degree of fatigue in 84K poplar had a
linear regression with the xylem pressure. Potted
sunflower plants (Helianthus annuus) could recover
from drought-induced cavitation fatigue within 4
days of re-watering [31].
Over the past few decades, great progress has
been made regarding cavitation in relation to xylem

MATERIALS AND METHODS
Plant materials. In this study we mainly investigated the characteristics of cavitation resistance
and conductivity before and after cavitation-refilling
cycles in 14 tree species (Table 1) involving 8 families. All sampling was conducted on the south campus of Northwest Agriculture and Forestry University, located in Yangling, Shaanxi, China (34°159N,
108°49E), with an elevation of 457 m between September and December 2014. All measurements were
performed on the current-year branches which were
fully lignified and not exposed to significant water
stress and low temperature before collection. According to related studies on maximum vessel length
[36], different lengths of branches were collected
(Table 1), which were then enclosed in humidified
black plastic bags after the leaves were sprayed with
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clean flushing water was essential. The clean water
system used in this study is described in Feng et al.
[30].

water. The branches were then transferred to the lab
as soon as possible and submerged in water for no
less than 30 min to release tension [37]. Five to seven
segments of each species were used for measurements of VCs and those segments were collected
from several plants. A 27.4-cm-long segment was
cut after the leaves were removed using fresh razor
blades, while submerged. The mean diameter of the
samples were 5.5 mm (Acer mono), 6.2 mm (Ginkgo
biloba), 6.9 mm (Michelia alba), 7.2 mm (Magnolia
grandiflora), 6.9 mm (Magnolia liliflora), 6.3 mm
(Ligustrum lucidum), 6.3 mm (Ligustrum obtusifolium), 6.6 mm (Armeniaca vulgaris), 6.9 mm (Malus
pumila), 7.2 mm (Pyracantha fortuneana), 7.0 mm
(Photinia serrulata), 6.7 mm (Xanthoceras Bunge)
and 6.3 mm (Metasequoia glyptostroboides). These
segments were subjected to consecutive cavitationrefilling cycles using a combination of flushing apparatus and centrifuge.

Cavitron measurements. Vulnerability curves
(VCs) show the relationship between xylem pressure
and the percentage loss of conductivity (PLC), and
the resistance of the xylem to cavitation was derived
from VCs. The centrifuge method was used to generate the VCs using the Cavitron rotor [33]. Details
about the Cavitron are specifically described in Cai
et al. [35].
We mounted a 27.4-cm segment in Cavitron rotor, both ends of the segment were placed in cuvettes
filled with 0.1 M KCl which was replenished while
spinning. The basal cuvette contained a specific volume of liquid greater than the distal one. The different liquid volume of the cuvettes drove the liquid
through the segment generated a pressure difference.
In the meantime, the moving rate of the liquid in the
stem could be directly calculated by the volume
change in the basal cuvette within a certain time interval. Hydraulic conductivity, Kh, and stem areaspecific conductivity, Ks, of the segment were calculated by:
ி
ܭ୦ ൌ  ܮ
(1)
ܭୱ ൌ 

ο


(2)

౩౪ౣ
-1

where F (kg·s ) is the flow rate of the liquid,
ǻP (MPa) is the positive hydrostatic pressure difference across the sample, L (m) is the length of the
segment, and Astem (m2) is the cross sectional area of
the xylem segment.
Prior to measurements, the stem segments were
flushed with 0.1 M KCl to eliminate any native embolism. Once all conduits were refilled, Kmax was
measured at 1,000 rpm (0.088 MPa) in the Cavitron
after a stabilization time of 30 min. Subsequently, a
VC was obtained through stepwise increases in the
spin rate of the centrifuge, subjecting the solution in
the conduits to increasingly negative xylem pressures. At each given RPM, the Kh was collected no
less than five times after a 2-min stabilizing time.
The PLC, the percentage loss of conductivity, was
computed using:

 ൌ ͳͲͲ ቀͳ െ  ቁ
(3)

FIGURE 1
Schematic diagram of the cavitation-refilling
cycles exposed on stems of 14 tree species.
Cavitation and refilling cycles. The character
for the cavitation-refilling cycles is organized in Fig
1. After collection, the native conductivity of each
branch (Kn) was measured at 1000 rpm (0.088 MPa)
in the Cavitron [33], followed by alternating 5-min
flushing and conductivity (Kh) measurements until
Kh stabilized. After that, a vulnerability curve of the
stem was measured. Each individual stem was exposed to cycles of flushing to regain its maximum
conductivity (Kmax) and measurements of a VC approximately three times (except Metasequoia glyptostroboides and Ginkgo biloba). If the conifers are
flushed, the torus can remain aspired after flushing
inducing a significant decrease in the maximum Ks
of the samples that could affect the resulting P50
value. The required length of time and tension for
each examined species flushed (0.01 mM KCl) are
listed in Table 1. In order to prevent plugging of the
pit membranes as particles could block the stem,

ౣ౮

Vulnerability curves, plots of PLC versus xylem pressure, were fitted to a single Weibull curve
(Eq. 4A) or a dual Weibull curve (Eq. 4B) using
CavAnal software written by M.T. Tyree (1989)
[10]:
ȀͳͲͲ ൌ ͳ െ ݁ݔሾെሺܶȀܤሻେ ሿ
(4)
ȀͳͲͲ ൌ ߙሺͳ െ ݁ݔሾെሺܶȀܤଵ ሻభ ሿሻ  ሺͳ െ
ߙሻሺͳ െ ݁ݔሾെሺܶȀܤଶ ሻమ ሿሻ
(5)
P50 is the negative xylem pressure at which 50
% loss of conductivity was induced, (Eq. 5). Usually,
YXOQHUDELOLW\FXUYHVVWRSPHDVXULQJDW3/&
ଵ
ܲହ ൌ ሾ݈݊ሺʹሻሿ ൗ
(6)
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FIGURE 2
Plotted the mean vulnerability curves measured on the same stem segments exposed to consecutive cycles
of cavitation-refilling of 14 sampled species listed in Table 1 (n = 5 ± 7)
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FIGURE 3
Mean P50 values obtained from vulnerability curves measured for the same stem exposed to four
consecutive cycles of cavitation-refilling (flushing) of 14 sampled species listed in Table 1 (n = 5 - 7).
grandiflora, Magnolia liliflora, Ligustrum lucidum,
Ligustrum obtusifolium, Metasequoia glyptostroboides were moderate among all the samples (P50 ~ -2
MPa).
Acer mono and Lagerstroemia indica were considered resilient species, because the P50 did not significantly change even after four cycles of cavitation
and refilling. There were significant changes in P50
after the first cycle of cavitation and refilling for the
remaining twelve species, of which Photinia serrulata showed dramatic changes in P50 of up to 6.05
MPa before and after 4 cycles of cavitation and refilling (Fig 3, PSe, black bar and wide upward diagonal bar). Therefore these were considered weakened species. After the first cycle of cavitation and
refilling, resistance to cavitation of Michelia alba,
Magnolia grandiflora, Magnolia liliflora, Photinia
serrulata and Xanthoceras Bunge did not change no
matter how many cycles they were subsequently exposed to, in terms of P50, while Ginkgo biloba,
Ligustrum lucidum, Ligustrum obtusifolium, Armeniaca vulgaris, Malus pumila and Pyracantha fortuneana showed gradually decreases as cavitationrefilling cycles increased.
There was a significant positive correlation between P50 and Ks after the first maximum Kh and VCs
measurements (Fig 4, p = 0.007). This indicates there
was an obvious trade-off between vulnerability and
conducting efficiency (specific conductivity) to cavitation caused by water stress: higher conducting efficiency, higher pressure required to induce cavitation under drought stress. A similar relationship between Ks and P50 was observed after the second maximum Kh and VCs measurements (data not shown),
however, there was little significance. In addition,
for most species tested, after the third and fourth cycle, the P50 values were above -1 MPa (Fig 3), and
no significant corrections between P50 and Ks were
found, so data are not shown.

Computation of Cavitation Fatigue. Between
any two successive cycles of cavitation-flushing of
the same stem, cavitation fatigue was computed
based on the relative change of P50, RC-P50, computed by:
 െ ܲହ ൌ ൬ͳ െ

ఱబǡ
ఱబǡశభ

൰ ൈ ͳͲͲΨ

(7)
where i represented the ith VC. Additional calculations of the restoration ratio of P50 show the recovery of cavitation resistance after any two successive cycles of cavitation-refilling.

 െ ܲହ ൌ ఱబǡశభ
(8)
ఱబǡ

RESULTS AND DISCUSSION
Vulnerability curves of twelve out of the fourteen samples were measured four times; the 1st VC
was measured in flushed, native material, and the
other three VCs were based on the same stem segments after exposure to three consecutive cycles of
cavitation-refilling (Fig 2). Ginkgo biloba and
Metasequoia glyptostroboides were exposed to three
and two cycles of cavitation-refilling, respectively,
due to dramatic reductions in maximum Kh measurements. The mean P50 from four VCs of each sampled species are shown in Fig 3.
Four species selected from the Rosaceae family, together with Acer mono and Ginkgo biloba,
were of high resistance to cavitation, of which the
P50 of Photinia serrulata was reached -6.26 MPa
(Fig 3, PSe, black bars). In contrast, mean native P50
from the first vulnerability curves of Lagerstroemia
indica and Xanthoceras Bunge after the first flushing
were above -1 MPa, which indicated that these species were very susceptible to drought stress. The vulnerability to cavitation of Michelia alba, Magnolia
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negative P50 a species had, the larger decrease in cavitation resistance following two cycles of embolism
and refilling.
However, the plot of restoration ratio of P50 after the 2nd cavitation-refilling cycle versus Ks after
the 1st flushing showed a positive trend (Fig 6, p =
0.04). This also means there was a significant tradeoff between conducting efficiency and cavitation

The resistance to cavitation of 13 tree species
before and after a drought-refilling cycle were extremely variable, but showed a decreasing linear
trend as a function of relative change of P50 after the
2nd cycle and the native mean P50 measured in 1st VC
(Fig 5, p = 0.0003), except Acer mono, where little
change was found even after the 4th cavitation-refilling cycle. These patterns indicated that the greater
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cavitation is a function of the permeability of the interconduit (intervessel and intertracheid) pits to an
air-water interface. At the level of the pit membranes, trade-offs was obviously different [45].
However, the structure of pit membrane is partially
separated from conduit size. Enhancing the porosity
of pit membranes should increase conductance, but
also make conduits more sensitive to air seeding
[46]. The conductance would be enhanced and the
strength of the conduit wall against implosion may
be weakened by increasing the size or number of pit
membranes. A significant trade-off between cavitation resistance and xylem construction cost is created
by the need to avoid conduit collapse under negative
pressure, as revealed by the relationships among
conduit wall strength, cavitation pressure [47], and
wood density. The involvement of cavitation resistance in trade-offs may imply that cavitation resistance is correlated with the physiological range of
QHJDWLYH SUHVVXUH LQ SODQWV¶ QDWLYH KDELWDWV ,W LV
worth nothing that according to the meta-analysis
performed by Muralidharan et al. [48], there is overall a weak tradeoff due to complexities in these systems.
Lagerstroemia indica and Xanthoceras Bunge
were not predicted to be drought tolerant species because both of their P50 values were above -1 MPa,
but they do grow in arid and semi-arid areas. Xanthoceras Bunge, in particular, is native to the Loess
Plateau of China where there is severe soil erosion
and a vulnerable eco-environment. This further
demonstrates that xylem resistance to cavitation is
not the only trait related to drought survival. Rooting, stomatal behaviour and other factors may enable
species with vulnerable xylem to survive.
In this study, drought was induced artificially
by centrifuging, which was similar with Feng et al.
[30]. In a laboratory experiment on Helianthus annuus, Stiller and Sperry [31] found that potted plants
showed recovery from drought-induced cavitation
fatigue 4 days after rewatering, while the excised
stems cavitated in a centrifuge showed weak or no
recovery. In this study, twelve species also showed
cavitation fatigue after a cycle of drought-refill treatments except Acer mono and Lagerstroemia indica,
which showed no significant recovery from cavitation fatigue no matter how many subsequent cycles
they were exposed. Hacke et al. [27] surveyed seven
species and found that three species were resilient
and four species were not. In addition, two Populus
spp. had no difference with 84K poplar clone in cavitation fatigue [30]. However, 84K showed a small
but significant recovery after the third cycle of cavitation-flushing using a KCl solution treatment. In
contrast, the Walker clone Populus spp. was resilient
in terms of P50 [29], while P50 in Malus domestica
was increased a > 1 MPa.
Unlike 84K poplar clone, there were two types
of fatigue shown in our sampled species. One was
the vulnerability to cavitation, which decreased to a

resistance recovery when exposed to continuous
drought-refill conditions. Among all the sampled
species, Photinia serrulata had very low Ks and the
native P50 was up to - 6.26 MPa, but on ly restored
6.20 % of its native P50 value (Fig. 3 and 6). Magnolia liliflora was among the species with high effective conductivity, and after two cycles of cavitationrefilling 77.67 % of its native cavitation resistance
was restored in terms of P50 value (Fig 6).
Cavitation is not irreversible in nature. Many
species have the ability of refilling their conduits
when drought has abated, or even under tension [3840]. The water and energy provided involved by the
living parenchyma cells adjacent to the conduits [41]
and sugar transporters increasing the osmotic potential of the sap in conduits that are being refilled [42].
For trees fully or partially capable of refilling their
conduits during or after drought stress, cavitation
may not cause serious damage to the physiological
functioning in trees. However, it reduces the cavitation resistance of the conduits, rendering them more
vulnerable to drought-induced caviation, a phenomHQRQGXEEHGµFDYLWDWLRQIDWLJXH¶ [43].
Species can vary considerably in their vulnerability to cavitation and species with less vulnerability
tend to be more drought-tolerant. However, there is
conflict existing in the sampled tree species between
the ability to minimize cavitation and maximize efficiency of water transport. Increasing drought tolerance through cavitation resistance is not without
shortcomings, as plants should deal with extreme
negative pressure, which may cause irreversible
damage to xylem ultrastructure. According to the relationship whereby species with stronger resistance
to cavitation tend to have less efficient conductivities, long and wide conduits are widely assumed to
be much more efficient water conductors than narrow conduits, but this also increases the risk of the
vulnerability of xylem to dysfunction. It is recognized that wider conduits are more prone to droughtinduced cavitation within an organ, however, this
trend across organs or species is weak.
Many papers have been published on droughtinduced xylem dysfunction (loss of conductivity)
since the early 1980s, and one of the most frequently
stated paradigms is that vulnerability to cavitation is
the most important factor determining the drought
resistance of plants. As stated previously, there certainly is a correlation between P50 and drought tolerance of woody plants in the fields. However, a
large number of species vulnerable to cavitation
(P50 > -1 MPa) were found to be growing in areas
with less rainfall or seasonal drought areas. Why do
some plants survive, but others not under a similar
water stresses [44]? We could restate the question by
asking: is xylem dysfunction caused by drought-induced cavitation the only step towards the death of a
plant subjected to drought?
High xylem tension induced by water stress is
one main cause of cavitation. The tension causing
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1

data have precise data for depth, but there is also a
limitation that one can only make facies analysis for
the formation that is adjacent to the borehole [2].
Thus, outcrop data are utilised to address these problems. The advantage of the outcrop study being it
provides a level of detail that is at a far higher resolution than a sub-surface dataset, and it allows direct
observation of the rocks which can lead to a comprehensive understanding of the distribution, as well as
the process of deep-water system sediments. Additionally, it helps analyse the physical properties of
rocks. The sampling grid of an outcrop can range
from centimetres to metres, which can be advantageous in analyzing the continuity of the sediment
bodies and establishing a reservoir model, which in
turn, enhances the abilities to predict and discover
the reservoir.
The objective of this study is to build a geological model of the slope to basin floor system in the
Permian Karoo basin, South Africa (Figure 1). It has
been demonstrated how a digital approach was used
to build the model based on outcrop data. The model
will give the distribution of facies, as well as the volume of different facies and architectures within it.
Further discussion and comparison with existing
models will be made according to that.

ABSTRACT
Geological models built using traditional subsurface datasets gives excellent scale as well as continuity. However, detail on the horizontal and vertical distribution of sedimentary grainsize and facies
is often lost since they are always below the resolution of such datasets. Thus, outcrop datasets are used
to address this problem. They always provide information of the reservoir which is difficult to acquire
from subsurface datasets. In this paper, a method of
building integrated geological models based on an
outcrop dataset has been introduced. The geological
model of the Unit E, Laingsburg Karoo, South Africa
deep-water system has provided an obvious insight
of how architectures and facies are distributed in
three dimensions (3D). This paper suggests that Unit
E, Laingsburg Karoo is a sand prone unit which deposits in a slope to basin floor deep-water depositional system. It consists of three sub-units, namely,
E1, E2, and E3. The sediment of E2 is mainly deposited on the slope while E3 is more basinward. Hydrocarbon potential of Unit E also has been estimated by petrophysical modelling and volume calculation. This synthetic study, therefore, has provided an analogue to other deep-water systems with
a similar depositional environment.

Geological setting. The deep water to fluvial
sediments of the Karoo Supergroup are about 5500
m thick and last from the Late Carboniferous to the
Early Jurassic. A large-scale subsidence took place
from the Late Carboniferous to the early Permian period (300±280 Ma), which produced a series of interconnected marine basins. The sediments were derived from a far-field granitic source. The shallow
marine sediments were deposited under distal basin
siltstone-prone turbidites and volcanic ashes. The
Karoo Basin in South Africa is generally considered
to be a retro-arc foreland basin [3], which developed
behind an inferred magmatic arc and fold-thrust belt
(Cape Fold Belt). The regional geology of the Karoo
basin is shown in Figure 1. The study area has been
outlined in red. The unit of interest, Unit E, belongs
to the Ecca group of the Karoo Supergroup [4]. Mantle flow was considered to be the first order mechanism, which controlled the subsidence of the Karoo

KEYWORDS:
Outcrop, geological models, deep-water system, sand
prone unit

INTRODUCTION
Geological modelling provides a better understanding of the depositional architecture and sequence stratigraphy of subsurface systems which can
be seen as a powerful tool in both hydrocarbon exploration and production [1]. Several methods can be
used to build a geological model. 3D seismic has
been widely used in subsurface characterizing. However, the comparatively low resolution and precision
of the data make it difficult to characterize reservoir
architecture accurately. One dimensional (1D) well
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FIGURE 1
Regional geology of the Karoo Basin, showing the location of the study area

FIGURE 2
General stratigraphic column of the study area. (a): Lithostratigraphy of the Karoo, redrawn after; (b)
Schematic stratigraphy of the Fort Brown formation, Permian Karoo; (c) Detail of the sand-prone unit E
the sequence stratigraphic interpretation of it.

DATA AND METHODOLOGY

basin. The basement blocks of different subsidence
degree can be seen as a buried basin boundary from
the Ecca Group time, which are consistent with the
Hex River area oroclinal bend. Also, it has an impact
on the location of the shelf edge, which is similar to
a passive margin [5].
Three main formations, which form the upper
part of the Ecca, are the Vischkuil, Laingsburg, and
the Fort Brown Formation (Figure 2). The Ecca
Group is comprised of an approximately 1300 m
thick succession of predominantly siliciclastic sediments. Unit E is a sand-prone unit, which is separated from unit D by 60±65 m of claystone. It was
also overlain by an approximately 20 m thick, regional hemipelagic claystone that separated it from
unit F. Unit E contains three sub-units, E1, E2, and
E3 which are separated by two thin extensive claystones. However, E1 is absent in study area.

Dataset. The dataset for this study contains
both field sedimentological data and an Excel dataset. The sedimentological data include six two dimensional (2D) correlation panels detailing the stratigraphy of each unit and regional scale correlations.
Surrounding units had been provided for comparative purposes. Correction panels were used as 2D
seismic and helped to build the framework of the
model. The panels also contain all of the logged section information, as well as facies associations,
which are required in facies modelling. Representative sedimentary logs were selected and exported as
bitmaps. All the bitmaps have scale and lithology,
which can be used as initial data. The Excel database
provides the base position of all logs. It also provides
detail of broad architectural divisions, as well as the
thickness information.
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according to the change of the facies. Six well tops
were given according to the stratigraphy of Unit E,
which are, from top to bottom, top mud, E3 top, E3
base, E2 top, E2 base, and base mud, successively.
The first problem encountered when dealing with the
data with petrel is that all the logs within the panels
have a thickness scale instead of depth. Petrel was
designed mainly for dealing with the subsurface dataset; however, the scale of the thickness is increasing upward, which is opposite the scale in petrel.
Therefore, a negative scale of wells in petrel was
used to address this problem. The absolute value of
the negative scale is increasing upward which can be
matched with wells in the panels. In the meantime,
an offset value was given to make all the well tops
RI³EDVHPXG´VWDUWIURPPVLQFHDOOWKHORJVDUH
started from different depths (Figure 4). Offset values were measured one by one in the panels using
the legend that had been given. Also, in order to keep
the model easy to understand and give a direct display of the change of the thickness, stretched Y position data were used so that the model was stretched
and flattened horizontally.

Methodology. This study focuses on geologically modelling the slope to basin floor Unit E deepwater system. The model will help with understanding how the facies are distributed in three dimensions
(3D), as well as the connectivity of the reservoir. The
framework of the model was built based on correlation panels, which were given in the original dataset.
Correlation panels also provide detailed lithology
and facies distribution information within the study
area, which is a good control of the model. In order
to build an object based model, quantitative information such as dimensions of the architecture and
reservoir properties are required to constrain input
parameters. However, analogue data were used due
to the lack of this kind of information in the study
area. Furthermore, volumes of contrasting depositional architecture were predicted using the model,
which will feed directly into the detailed reservoir
model.
The workflow (Figure 3) for creating geological models using outcrop data is shown. It is suggested that the generation of the geological model includes the following steps (1) the interpretation of
well tops based on bitmaps from 2D correlation panels; (2) generation of key surfaces for stratigraphic
and built horizons and zones; (3) facies modelling
based on upscaled facies from logs; and (4) petrophysical modelling for porosity and permeability
based on analogue data as the inputs.

3D model generation. In order to keep the geological model as realistic as possible, the spatial
boundary of the model was defined based on the coverage of the sedimentary logs. The X and Y cell orientations are related to the lateral variation of the facies association. For instance, the cells are required
to capture a geobody within the width variation of 5
m to 50 m [6]. The orientation of the modelling grid
is along 0-90º, which ensures the best representation
of the geobodies in the model.

Construction of 3D digital model. Sequence
stratigraphy marker correlation. Well tops were
interpreted based on correction panels and sedimentary log bitmaps. Different units can be estimated

FIGURE 3
Workflow for building geological model using outcrop data.
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A
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FIGURE 4
Schematic sketch of the development of 3D digital model using stretched Y and offset value. A) Original
well location of the correction panel.
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FIGURE 5
Main steps of the construction of the model. A) Interpretation of well tops, B) Generation of key surface,
C) Making zones, D) Facies modelling.
Upscaling. Integrated geological models give
an excellent insight into the structure of the reservoir, facies distribution, and reservoir property parameters. They play a decisive role in the reservoir
development plan. The general grid scale of a medium-sized reservoir model is in the millions or even
tens of millions. However, the limitation of computer hardware and technology leads to a big gap between the grid scale of a detailed geological model
and the grid scale a simulator can support. The purpose of the upscaling is to upscale the grid size to the
scale that the simulator can accept on the condition
that it keeps the original geological information.

The well tops were used as stratigraphic horizons for Unit E zonation. A 3D surface covering the
whole model area was generated based on that. The
model contains a constant thickness of mud beneath,
as well as above, Unit E so that the pinchout of the
unit is clear. Hence, six well tops were made to give
three different stratigraphic intervals, namely, base
mud, Unit E, and top mud respectively. Sub-units E2
and E3 were subdivided by the extensive mud in the
middle. Three different zones are defined after the
generation of the key horizons, 15 layers have been
built within each zone to give a high resolution of the
model.
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TABLE 1
Parameters for petrophysical modelling 9
Facies
Channel:
Channel margin:
External Levee:
Lobe axis
Lobe off-axis
Distal lobe
Claystone:

Sand percentage
95%
15%
15%
95%
75%
15%
0%

Porosity
15±30 %
5±25 %
5±25 %
15±30 %
5±25 %
5±12 %
5±35 %

Permeability (md)
100
10
10
100
20
0.3
0.1

base and top are used to represent lobe deposits. Dimensional parameters for all facies vary stratigraphically and depend on the depositional type to give
different realizations. Based upon the knowledge of
the depositional process in the study area, the best
realization is selected as the outcome.
The body property and directional trend were
created after the generation of the object model. The
body property provides a direct insight of the connectivity of each facies and directional trend gives
the orientation of each geobody.

The grid cell gives a single value to different
properties. Before the well log can be entered into
the grid, it should be scaled up since the density of
the sample for logs is usually smaller than the grid
cells. After the interpretation of the wells, the facies
association of the log was upscaled to act as conditioning data for the model.
Facies modelling. Sequential indicator simulation. An accurate division of sedimentary facies is
significant in studying reservoir heterogeneity and
continuity. The sequential indicator simulation
method can produce multiple realizations, which reflect the variable space structure. The differences of
the realizations are caused by uncertainties associated with the lack of information. Synthetic realizations can lead to satisfactory simulation results. The
application in the simulation of the sedimentary facies distribution suggests that the model is not only
consistent with the original data of the facies, but
also in determining the clear facies boundary and illustrating the facies variation. Therefore, this
method can provide a reliable model for the prediction of reservoir parameters [7].
Facies modelling, which utilises a sequential
indicator simulation method, relies on upscaled well
logs of the facies. However, it is suitable for when
the bodies of the facies are uncertain. The method is
stochastic so that realization can be different using a
different seed number. Seven facies were given (Facies 0: channel; Facies 1: channel margin; Facies 2:
external levee; Facies 3: lobe axis; Facies 4: lobe offaxis; Facies 5: distal lobe; Facies 6: claystone). The
input data of the dimension of the model, which is
taken from Tanqua depocentre, Karoo basin [8],
have given the dimension and length to width ratio,
as well as the thickness of the lobe deposit.

Petrophysical modelling. Petrophysical data
have been widely used in hydrocarbon exploration
and development, which gives precise information
of the reservoir properties. Petrophysical modelling
bridges the gap between geology, geophysics, and
reservoir engineering, especially in trap evaluation
and reservoir estimation, as well as prediction. In this
study, petrophysical modelling is used to estimate
the quality of the reservoir, and it provides a good
display of the continuity of the reservoir. Parameters
needed for the model are given (Table 1). Porosity
and permeability in SW Karoo are effectively zero
due to metamorphism of the rocks. As alternative
data from the Norwegian Sea were used as an analogue, Net/Gross (N/G), porosity, and permeability
are modelled using a sequential Gaussian simulation
based on the provided data in this study and give an
insight how the property is distributed in 3D.

RESULTS AND INTERPRETATION
Facies modelling. Two methods have been
used to make the facies model. Sequential indicator
simulation (SIS) has given the general idea of how
the different facies are distributed in 3D and object
modelling has illustrated the distribution and orientation of different architectures based on SIS. Facies
distribution of E2 and E3 can be seen (Figure 6, Figure 7). It is clear that the external levee and lobe axes
are predominant in E2 as well as in E3. The channels
are oriented mainly from the west to the east, lobes
deposited on the slope as well as on the basin floor.
Few channel facies are observed from the outcrop,
so the speculated channels have been modelled by
using the object modelling method and are based on
analogue data as the inputs.

Object modelling. Object modelling was used
to populate facies stochastically. The advantage of
object modelling is that bodies of the facies are controlled by geometrical inputs such as width, thickness, and orientation. Leveed-channel and lobe deposits have been confined with a probability surface
map, which is based on the analysis of the depositional process. Also, flow lines are used to control
the trends of each facies. All the objects are constrained to their respective architectural elements,
which were interpreted from the outcrop well logs.
Fan lobe body shape objects with both a rounded
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FIGURE 6
Facies model and block diagrams showing the depositional model for Sub-unit E2. A) Facies model using
sequential indicator simulation. B) Facies model using object modelling. C) Three-dimensional
reconstruction of Sub-unit E2.

FIGURE 7
Facies model and block diagrams showing the depositional model for Sub-unit E2. A) Facies model using
sequential indicator simulation. B) Facies model using object modelling. C) Three-dimensional
reconstruction of Sub-unit E2.

FIGURE 8
Facies model of E3 sub-unit, different lobes have been shown using different colour.

and erosion based, it has leveed channel and lobe deposits in the central part and thins eastward. It
pinches out both in the east and the west. Object
modelling also has been applied in this study.

Facies modelling of E2. The first facies model
is a sequential indicator simulation based on upscaled well log facies. The facies distribution can be
seen above. Sub-unit E2 is approximately 20 m thick
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Although fewer channel facies were observed within
this area, it is always associated with levee facies.
The channel orientation is therefore confined on the
basis of the external levee facies. A 3D depositional
model for this sub-unit has been made based on the
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facies model. Flint [4] had interpreted E2 as a leveeconfined channel belt; however in our study area, the
model suggests that E2 is more likely to be a leveeconfined channel with an intraslope submarine lobe
deposit.

FIGURE 9
Schematic depositional process of intraslope lobes and basin floor lobes.

FIGURE 10
Facies modelling shows basinward-stepping stacking pattern of Unit E, 1) Slice map shows the lobe deposit of sub-Unit E2 and E3 respectively. 2) Slice map shows sub-Unit E2. 3) Slice map shows sub-Unit E3.
The result of facies modelling consists with the basinward-stepping stacking pattern.
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Facies modelling of E3. E3 varies in thickness
from 1 m to 62 m, though it mainly varies from 10 to
40 m. It is the thickest component of Unit E and is
bounded at the base by the upper E claystone and
overlain by the claystone of the E-F interval. It is
also thinning eastward. Intraslope lobes and basin
floor lobes are well developed in this sub-unit. The
depositional process of lobes can be illustrated as
shown (Figure 9). Unit E is not a perfect slope. When
turbidite flows pass by the slope, the higher-density
part of the flow would deposit on the slope and develop the intra-slope lobes. Abundant sediments pass
by the slope and finally reach the basin floor and
form basin floor lobes. The facies model, which can
be seen above (Figure 7), indicates that it is a larger
channel-levee system with intraslope lobes depositing on the slope, as well as lobes depositing on the
basin floor. Compared with E2, E3 has more sediment deposited on the basin floor, which suggests a
basinward progradation environment.
Flint et al. [9] suggested that the sub-Unit E2 to
E3 succession shows a basinward-stepping stacking
pattern, which was characterized by an upward increasing depositional energy and a more proximal
character of the depositional environments. It is believed that the trend of lateral thickness can be seen
as evidence that a later lobe deposit is controlled by
a previous one. This phenomenon is most common
in a strike-oriented section. In this model, a basinward-stepping stacking pattern has been observed
and shown in Figure 10. Figure 10 shows a slice map
of the model where the green color represent lobe
deposits of E2 while the yellow one represent lobes
of E3. It is clear that E3 deposited after E2 and is
controlled by E2.

Petrophysical modelling. Petrophysical modelling has been applied to N/G modelling, porosity
modelling, and permeability modelling. N/G modelling is based on sand percentage data, which has
been illustrated in Table 1. E2 has a high N/G value
on the slope deposit while the highest value of E3
appears on the slope as well as the basin floor.
All the rocks are lower greenschist metamorphic facies in the Karoo basin. Porosity and permeability are effectively zero since there are abundant
quartz overgrowths and new mineral growth in the
pore spaces. However, the Karoo is a very good analogue for producing fine-grained deep-water systems. Data from the Norwegian Sea have been used
as an analogue (Table 1). This analogue has given an
idea that where the best potential reservoir would be
within this area. In most cases, the basin floor lobe
axis deposit tends to have a good reservoir quality,
this is mainly because the fine-grained sediments
spill out during the transport.
The abrupt change of reservoir properties in E2
is mainly because it onlaps erosional surfaces and is
truncated by the erosional surface. The erosion and
pinch out have an impact on the lateral connectivity.
E3 is more continuous compared with E2, as it is
fairly thick and contains more sand-prone facies.
Progradation in Unit E results in identical vertical sequences, namely E1, E2, and E3, respectively.
The existence of this hemipelagic claystone interval
can act as a barrier between E2 and E3, which is significant in evaluating the hydrocarbon potential and
producibility of this area.

Facies proportion. Statistical data from petrel
is shown in Table 2, from which it is clear that leveed
channel and lobe facies are predominant in E2 as
well as in E3. The facies proportion shows that E2 is
dominated by lobe facies (lobe axis, lobe off-axis,
and distal lobe), followed by an external levee, while
E3 shows an abnormally high amount of lobe axes,
which may be due to the contribution of the intraslope lobe deposit. In fact, intraslope lobes have
shown up a lot in the study area. The distal lobe in
E3 is much less than that in E2, which means E3 is
further away from the slope. It is also obvious evidence for the basinward progradation depositional
process.

Application of outcrop dataset. Information
from conventional outcrop datasets is invaluable and
has facilitated many structural, stratigraphical, and
palaeogeographical syntheses. It also plays a significant role in describing the characteristics of the subsurface reservoirs. This study suggests that the application of outcrop datasets is able to produce a geological model comparable to other subsurface datasets. Furthermore, the input data, which are of high
resolution and accuracy, give sufficient precision to
act as conditioning data for building the model, making it a reliable alternative to conventional approaches of geological modelling.

DISCUSSION

TABLE 2
Facies proportion of E2 and E3
Name of facies
Channel
Channel margin
External levee
Lobe axis
Lobe off-axis
Distal Lobe
Mud

Percentage of E2 (%)
3.15
²
37.02
17.61
24.82
16.42
0.99
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Percentage of E3 (%)
0.53
0.08
30.46
41.31
20.31
6.8
0.51
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FIGURE 11
Petrophysical modelling map of study area. Permeability modelling shows E2 has the highest value on the
basin floor; however, in E3, the best permeability appear both in the slope and the basin floor. In terms of
porosity, the slope of E2 has better porosity compared with basin floor. Intraslope lobes have shown as
excellent porosity as basin floor lobes in E3. The net/gross of E2 and E3 generally have the same trend
with the distribution of porosity and permeability.
TABLE 3
The maximum thickness of each facies in E2 and E3 sub-unit
Thickness(m)
Facies
Channel
Channel margin
External levee
Lobe axis
Lobe off-axis
Distal lobe

E2

E3

6
31
13.9
17.5
8.8

19
5
71.1
54.9
41.5
17.4

potential in becoming a reservoir, but it has a great
possibility to be a seal.
Based on petrophysical modelling, E3 has the
best reservoir quality within Unit E. E3 has an advantage over E2 in terms of thickness, which gives it
a better lateral connectivity. Additionally, E3 contains more lobe facies, including intraslope lobes and
basin floor lobes. The sand-rich lobe deposits in E3
have shown to have an excellent reservoir property.
Lobe deposits are seen to be a good record of
climatic, eustatic, and tectonic conditions, as most
input sediments deposited by gravity currents in
deep-water distributive settings end up in the lobe
area, representing the final site of sediment deposition. Also, deep-water distributary lobe systems
have a significant potential for hydrocarbon accumulation, and thus, a better understanding of geometries, facies distribution, stacking patterns, and

Reservoir potential. Slope and basin floor
depositional systems are some of the most important
subsurface hydrocarbon reservoirs around the world.
Active margin fans should have a higher potential to
be a reservoir due to a high proportion of sand. In
spite of the tectonic setting, the distribution of sand
also has a significant impact on the reservoir quality.
The thickness, porosity, and permeability must
be taken into consideration when estimating reservoir properties. Lobe facies, which are dominated by
massive sandstones, show good potential to be a reservoir because they are upwardly thickening and
continuous. Braided channels are generally thought
to be the best reservoirs within the lobe system.
Levee deposits have moderate reservoir potential
since the porosity is not as good as the lobe axis. Additionally, the vertical connectivity is poor. It might
form a gas reservoir. Claystone shows the lowest
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[3] Feng, G.Q., Yun, L.I. and Lin, Z.H. (2001) Application of Sequential Indicator Simulation
Method to Delineating Sedimentary Microfacies. Journal of Southwest Petroleum Institute.
23, 1±4.
[4] Flint, S.S., Hodgson, D.M., Sprague, A.R.,
Brunt, R.L., der Merwe, W.C., Figueiredo, J.,
Prélat, A., Box, D., Di Celma, C. and Kavanagh,
J.P. (2011) Depositional architecture and sequence stratigraphy of the Karoo basin floor to
shelf edge succession, Laingsburg depocentre,
South Africa. Marine and Petroleum Geology.
28, 658±674.
[5] Brunt, R.L., Hodgson, D.M., Flint, S.S. and
Pringle, J.K. (2013) Confined to unconfined:
Anatomy of a base of slope succession, Karoo
Basin, South Africa. Marine and Petroleum Geology. 41, 206-221.
[6] Prélat, A., Covault, J. A., Hodgson, D.M., Fildani, A. and Flint, S.S. (2010) Intrinsic controls
on the range of volumes, morphologies, and dimensions of submarine lobes. Sedimentary Geology. 232, 66±76.
[7] Rarity, F., van Lanen, X.M.T., Hodgetts, D.,
Gawthorpe, R.L., Wilson, P., Fabuel-Perez, I.
and Redfern, J. (2014) LiDAR-based digital
outcrops for sedimentological analysis: workflows and techniques. Geological Society London Special Publications. 387, 153-183.
[8] Richards, M., Bowman, M. and Reading, H.
(1998) Submarine-fan systems I: characterization and stratigraphic prediction. Marine and Petroleum Geology. 15, 689±717.
[9] Fabuel-Perez, I., Hodgetts, D. and Redfern, J.
(2010) Integration of digital outcrop models
(DOMs) and high resolution sedimentology-workflow and implications for geological modelling: Oukaimeden Sandstone Formation, High
Atlas (Morocco). Petroleum Geoscience. 16,
133±154.

depositional architecture is essential for a better reservoir prediction.

CONCLUSIONS
In this study, integrated geological models
were generated from outcrop datasets, which provide
high resolution, as well as detailed relationships of
stratigraphy. This model, therefore, can be readily
used for analogous depositional systems in the subsurface.
Facies modelling was performed in this study
to give insight of how the different facies and architectures are distributed in 3D. It is known from the
model that the sediment source came from the west
and deposited on the slope, as well as on the basin
floor. The base of slope and basin floor has been estimated from the change of the facies and thickness
of the unit.
The proportions of the facies suggest that external levee and lobe axes are the most dominant facies
within these two sub-units. The lobe axis has a potential to be the oil reservoir. However, poor vertical
connectivity of the levee means it has more potential
to be the gas reservoir. The extensive internal muds
can act as the seals or barriers in a petroleum system.
The analysis of petrophysical modelling suggests
that a potential reservoir of E2 is mainly on the basin
floor, which, for E3, is distributed both on the slope
and the basin floor.
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THE NEXUS OF CO2 EMISSION, POPULATION,
AGRICULTURAL AREA SIZE, GDP AND ENERGY USE
IN TURKEY
Hasan Gokhan Dogan*, Mustafa Kan
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dynamics. This is directly related to the level of development. Social benefit is a balance process taking
all internal and external factors other than individualism into account. Societies carry out various production activities while maximizing the benefit. This
production phenomenon is maintained despite a certain environmental cost regardless of its organization
in the technical or economic aspects. In other words,
production and its factors participating in the process
owe a lot to the livable world. This debt is an environmental one and reveals the requirement of considering sustainable development approach in every
country [2].
The sustainable development policies providing the formation of global economic and social development have become one of the priorities of the
world in the 21st century. The concept of sustainability is involved in every policy today. The concept
RI ³VXVWDLQDELOLW\´ ZDV ILUVW XVHG LQ WKH %UXQWODQG
Report drafted by the United Nations World Environment and Development Commission in 1987.
The report mainly involved the sustainable development goals including poverty eradication, equal distribution of the benefit obtained from natural resources, population control and the development of
environmental friendly technolo-gies. The report
looks for solutions to the existing problems in line
with these goals and refers to the concept of sustainabiOLW\DV³WKHGHYHORSPHQWWKDWPHHWVWKHQHHGVRI
the present without compromising the ability of fuWXUHJHQHUDWLRQVWRPHHWWKHLURZQQHHGV´>@

ABSTRACT
Greenhouse gas effect is known as the main
cause of global warming and climate change. There
are many factors that cause greenhouse gases in the
atmosphere. In this study, the relationship with CO2
emissions of energy use, GDP, agricultural area size
and population in Turkey was examined. The research has gained a more original character by investigating the effect of agriculture. In the study, time
series analyses were used. The series included the
years between 1995 and 2016. ADF, JCT, OLS,
FMOLS, CCR and GCT tests were conducted. According to the results obtained, it was determined
that the variables has cointegrated in the long run.
Nevertheless, it can be said that both long-term and
short-term energy use and population are effective
factors on greenhouse gas emission. For this reason,
it is important to increase investments in renewable
energy sources. Individuals, on the other hand, will
be able to make a positive contribution to this process by directing the applications to the environment, which will reduce environmental pressure in
both consumption and daily life cycle. The measures
to be taken related to his issue can be considered as
a driving factor in some laws of government and in
the action plans of the relevant ministries.

KEYWORDS:
CO2 Emission, Agriculture, GDP, Energy Use, Population,
Turkey.

The development process that accelerated with
the Industrial Revolution created a desire in people
to consume more natural resources. In this process,
the deterioration in resources that are considered to
be unlimited led to the understanding that development cannot be sustainable without taking environment into consideration. The most important initiative of the development process is production the
most important input of which is energy. Technological advances and increasing population brought in
SURGXFWLRQLQFUHDVHZKLOHWKHZRUOG¶VGHPDQGLQHQ
ergy is increasing every day. Together with the energy demand that increased after the industrial revolution, countries constantly updated their energy policies for both meeting their own consumptions and

INTRODUCTION
There are several definitions of the concept of
development. However, in general sense, deve-lopment is defined as the changes carried out to increase
production and national income per capita, to improve the value judgements of people in line with the
world standards and to change the socio-cultural and
economic structure [1]. Development is an ultimate
goal of all countries. It refers to the holistic progress
of a society including economic, social, environmental and even cultural aspects. All countries try to
maximize social benefits by using their own internal
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There are many indicators showing the development level of a country. Until the 1970s, development and growth were evaluated together and the development was measured with the increase in national income. In general, it is defined as the economic growth based on industrialization. GDP, national income per capita and other economic indicators are accepted to be the numeric data that reflect
the development in the best way. These indicators
are the main indicators of economic growth rather
than development and provide general information
on the size of a country. However, the word size reminds of a quantitative superiority, nominal or reel.
The incidents that we describe as growth are the
developments that have positive effects especially
on economic indicators, and one of these developments is the increase in industrial production. The
most important indicator of the growth in industrial
production is the increase in energy demand while
the most energy demand in Turkey is from the industrial sector [10]. The developments in the industrial
sector have a positive effect on economic indicators
whereas these developments will cause a certain cost
on environment unless the share of renewable energy
resources in the production increase in terms of energy usage. The relation between energy usage and
CO2 emission is considered to be important in this
regard.
The increase in total GDP contributed by the
production level in a country will have a positive effect on income per capita. Therefore, when economic growth indicators are reviewed, income per
capita is a significant variable as well as the energy
usage. In terms of the relationship between economic
growth and the environment, the Environmental
Kuznets Curve (EKK), which is the adapted a version adapted specifically to Simon Kuznets' theory
of economic growth and development, is of importance in the 1990s [11]. Accordingly, it is argued
that environmental pollution and/or environmental
damage will increase together with the economic
growth and then decrease after a certain level of income [12, 13]. Developing countries may prevent
environmental pollution by taking lessons from the
history of the developed countries, using clean technologies in the growth process and taking the environment-income relations into consideration. Similarly, [14] stated that countries may reshape their development efforts in a manner to achieve environmental and economic gains together. This is called
DV³WXQQHOOLQJ´LQWKH(.&SURFHVV
Another growth is the population increase and
we observe different views in the history of economy. In the studies conducted with this purpose, a
group of researchers concluded that population increase may be detrimental for economic growth
while another group concluded that it may be useful.
,Q WKH OLWHUDWXUH WKH ILUVW JURXS ZDV FDOOHG DV ³WKH
SHVVLPLVWV´DQGWKHVHFRQGJURXSDV³WKHRSWLPLVWV´
The basic ideas of the optimists are based on the

getting a foothold in the power battles in the world.
Countries now establish their competitive position to
the extent of their ability to supply energy, which is
the most important source of production. Therefore,
nowadays, energy is one of the most important elements within the development policies.
The energy need in the world increases every
day and this increase is influenced by the population
increase as well as a change process with the demand
aspect, i.e. the consequences brought by industrialization and the transformations in the pleasures and
habits of people. The pressure on environment is also
increasing every day as long as the energy demand
required by these transformations is not supplied
from renewable resources. The most important and
problematic aspect is especially manifested by
global warming. The concept of sustainability,
which started to be uttered in some international
meetings particularly in the 1970s and 1980s, is
gradually integrated into more policies every day,
which shows the significance attached by the international society on the consequences of the threat of
global warming. The Paris Climate Agreement
signed by 195 countries in 2016 [4] is one of the recent steps taken within the scope of international environmental awareness. This agreement includes
measures to reduce release of greenhouse gases
within the scope of the United Nations Framework
Convention on Climate Change. The agreement was
signed by 195 member countries and thus it is the
most largely recognized agreement on climate
change in the history of the world.
One of the most important causes of the increase in greenhouse gas emission (referred as CO2
equivalent), which causes global warming, is the energy demanded by the countries to realize economic
growth. CO2 emission is among several contaminants causing climate change and it emerges by the
burning of inputs used to obtain energy and it constitutes 58.8% of all greenhouse gases [5]. The increase
of CO2 has been affected by the rapidly developing
industrial sector after the 1970s and together with the
associated environmental issues, predictions and
analyses related to economic growth and use of clean
energy started to develop [6].
In addition, the change in the field of agriculture, the increase in human population and the increasing use of energy needed for more growth are
important factors that trigger global warming. Particularly, agricultural activities are defined to be affected by climate change as well as causing it. Soil
cultivation, fertilizing, agricultural spraying and procedures in the product-food supply chain, the change
of using agricultural fields, the use of energy in agriculture, the manure of raised animals and similar
activities contribute to the carbon emission [7]. According to the estimations, agricultural activities are
responsible for around 20% of the increasing greenhouse gases in the world [8], and this ratio was calculated to be 6,83% in Turkey [9].
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The relation between agriculture and CO2 is
important for Turkey with significant contribution to
GDP. Turkey is within the top 10 countries in the
world with respect to the value of its agricultural production [19]. There is a tendency of decrease in the
agricultural fields in Turkey, which has an important
potential with respect to the agricultural production
value. Therefore, determining the relations between
agricultural fields and CO2 emission is important for
Turkey in seeing the effect of agriculture on environment.
Figure 1 includes the tendencies regarding the
CO2 emission, population, agricultural area size, income per capita and energy use in Turkey between
1995-2016. When we examine the Graph 1, it can be
said that the CO2 emission, population, income per
capita and energy use have a tendency to increase
while agricultural fields have a tendency to decrease.

views of Thomas Malthus on population. At the end
of the 18th century, Malthus studied the relation between population increase and food items and suggested that the net influence of the population increase will be negative. In the course of time, it was
observed that the predictions of pessimists on popuODWLRQGLGQ¶W take place while the views of optimists
stood out. According to the optimists, population increase may have a positive impact on growth by creating a valuable asset [15, 16, 17]. According to this
view, creative human stock increases as population
increases, thus new inventions and developments
have positive impact on economic growth. This view
was less effective until the mid-1980s and the idea
WKDWWKHSRSXODWLRQJURZWKLV³QHXWUDO´LHLWZLOOQRW
affect economic growth positively or negatively, began to prevail [18]. Therefore, the modelling of present study took population variable into consideration by considering the interrelation between economic growth, CO2 and population.
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FIGURE 1
7UHQGVRIȌಏ, Ȥand ࢥ between 1995 and 2016 in Turkey
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TABLE 1
Variables, symbols and data resources in the study
Variables
CO2
GDP
Energy Use
Agricultural area size
Population

Symbol
Ȍ
$
ࢥ
Ȥ
ಏ

Unit
Million tone
Per capita dollar ppp
Per person petroleum equivalent kg
Thousand hectares
Million

Data Source
Turkstat
Worldbank
Turkstat
Turkstat
Worldbank

(ppp: Purchasing Power Parity)

many studies using the following analyses and similar econometric tests to determine the factors affecting CO2 emission [50, 51, 52, 53, 54, 55, 56, 57, 58].
-Unit root test (ADF)
-Johensen Cointegration test
-Full Modified Ordinary Least Square
(FMOLS)
-Ordinary Least Square Regression (OLS)
-Canonical Cointegrating Regression (CCR)
-Granger Causality Test

Population, agricultural area size, GDP and energy use, which are stated to be effective on CO2
emission, have substantially changed in Turkey. In
Turkey where there was an increase in growth and
development efforts especially since the beginning
of the 2000s, the CO2 level has also showed a noticeable increase along with the change in various
parameters. When the changes in variables evaluated in the study are examined, the CO2 level increased by 101.98%, GDP increased by 224.01%,
energy use increased by 61.79%, agricultural area
size decreased by 16.17%, and population increased
by 35.95% [20].
There are various studies both in the world [21,
22, 23, 24, 25, 26, 27, 28] and in Turkey [29, 30, 31,
5, 32, 33, 34, 35, 36, 37] on the relations of CO2 increase and energy use and different indicators of economic growth and on the effect of agriculture [38,
39, 40, 41, 42, 43, 44, 45] and population [46, 47,
48] on CO2 emission [49].
This study developed recommendations for
policy makers by examining the relation between the
change in the greenhouse gas emission, which is the
most important factor of global warming (as a CO2
equivalent) and the change in population, GDP, energy use and agricultural fields in Turkey through a
time-series analysis. Turkey achieved 52.111.042 $
agricultural income in 2017, which constitutes 6.1%
of total GDP. However, there is a shortage of timeseries studies in Turkey on agricultural fields and
population. Therefore, this study intends to fill in this
gap.

Unit root test. The unit root test was used in
the study. Unit root test involves the stationarity
studies. The results obtained from the series including the unit root may be biased. The regression between the variables can be dimensioned to be spurious regression. There are several previous studies
conducted with the unit root test, and the assumptions of these studies are revealed [59, 60, 61, 62, 63,
64, 65, 66]. The relevant studies emphasize the importance of unit root test. This study used the ADF
test statistics for the unit root test. The basic notation
for the unit root test based on the ADF principles can
be stated as follows:


οܺ௧ ൌ ߚ  ߚଵ  ݐ ߚ ܺ௧ିଵ   ߠ οܺ௧ି  ݁௧ ሺʹሻ
ୀଵ

,Q WKH (TXDWLRQ  ȕ0 refers to the constant term; t
refers to the deterministic trend; n refers to the lag
length and et refers to the stochastic term. ADF test
statistic results were compared to the MacKinnon
critical value and accepted/rejected according to the
significance levels of 1%, 5% and 10% [67]. The lag
lengths were determined by the automatic selection
criterion which gave the lag with the lowest AIC/SIC
value. The series that were made stationary were
then tested with the Johensen Cointegration Test,
OLS, FMOLS, CCR and Granger causality test.

MATERIALS AND METHODS
The study covers the period between 1995 and
2016 for Turkey. The data resources and symbols on
the CO2 level, agricultural area size, GDP and energy
use in Turkey during the concerned period are given
in Table 1.
Time series of the variables were created
through the data obtained. Full algorithmic form was
used in the study. Functional approach between CO2
level and other variables under the study can be expressed as follows:
OQȌ f(ln$, lnࢥOQȤOQಏ)
(1)
The functional relation was taken into consideration and the following econometric analyses were
conducted in order to determine the long and short
term relations of variables. In the literature, there are

Johensen Cointegration Test (JCT). Johensen Cointegration Test is an approach that reveals
whether the series act together in the long term.
Equation 3, 4 includes the notation developed by
[68];


ܻ௧ ൌ  ܣ ܻ௧ି  ߚܺ௧  ݁௧ ሺ͵ሻ
ୀଵ

In Equation 4, Xt and Yt are stationary series at
the I(1) level but not stationary at the I(0) level. Series can be brought to the level I(1) and the notation
can be reinstated as follows:
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ିଵ

߂ܻ௧ ൌ ߨܻ௧ିଵ  σୀଵ ߜ ܻ௧ି  ߚܺ௧  ݒ௧ (4)
ே

ିଵ

்
ଶ

כ
Ȳே்
ൌ  ିଵ ා ൫̈́௧ െ ̈́ഥప ൯ ൩

௧ୀଵ

௧ୀଵ
ୀଵ

ே

ିଵ

்

כ
ൌ  ିଵ ා ሺԄ௧ െ തതത
Ԅప ሻଶ ൩
Ȳே்

்

തതതప ሻȲ௧ כെ ܶ߬Ƹ  ൩ ሺሻ
ሺԄ௧ െ Ԅ

௧ୀଵ
ୀଵ

௧ୀଵ
ே
ିଵ

்
כ
Ȳே்

ൌ

்

൫̈́௧ െ ̈́ഥప ൯Ȳ௧ כെ ܶ߬Ƹ  ൩ ሺͷሻ

ିଵ

ሻଶ

ා ሺɖ௧ െ ɖഥప ൩
௧ୀଵ

்

ሺɖ௧ െ ɖഥప ሻȲ௧ כെ ܶ߬Ƹ  ൩ ሺሻ
௧ୀଵ

ୀଵ

ே

ିଵ

்
כ
Ȳே்
ൌ  ିଵ ා ሺᥤ௧ െ ᥤഥప ሻଶ ൩
௧ୀଵ

்

ሺᥤ௧ െ ᥤഥప ሻȲ௧ כെ ܶ߬Ƹ  ൩ ሺͺሻ
௧ୀଵ

ୀଵ

+HUHʌ Įȕ¶ĮDQGȕ¶UHIHUWRWZRPDWULFHV
with the (kxr) dimension and (r) rank [69, 70@ĮUH
IHUVWRWKHDGDSWDWLRQUDWHȕUHIHUVWRWKHORQJUDQJH
cointegration coefficients matrix and r refers to the
rank of the matrix [71]. If the rank is equal to 1, it is
concluded that there is 1 cointegration relation between the variables and if it is more than 1, then there
is the cointegration relation equal to the value of the
rank.

CCR uses the version of variables converted by the
long range covariance matrix to eliminate the deviations in the least squares technique. The goal in this
transformation is to eradicate asymptotical internality caused by the long range correlation [76]. In principle, it is quite similar to FMOLS. Only difference
is that it uses the stationary transformations of data
to be able to reduce the long term correlation between the cointegration equation and stochastic
shocks [77].

Ordinary Least Square (OLS). In the OLS
method which is called as the normal regression
analysis, the extent of partial effect in the dependent
variable by the independent variables in the short
term is determined. Equation 5 includes the notation
on national income per capita according to population, energy use, agricultural area size and purchasing parity that are thought to be affect the CO2 level
for the regression suggested by [72].

Granger Causality Test (GCT). The test developed by [78] expresses the independent variable
to be the cause of the dependent variable if the condition using the past values of the variable determined as independent is more predictable than the
condition not using the same. Equation 10-¶ LQ
cludes the notation on the Granger Causality Test




ܻ௧ ൌ Ɋ   Ɋ ܻ௧ି   ߚ ܺ௧ି  ݁௧ ሺͳͲሻ
Ȍt = ȕ1$t ȕ2ࢥt ȕ3Ȥt ȕ4ಏt + ut

(9)

ୀଵ


ୀଵ


ܺ௧ ൌ ߐ   ߐ ܺ௧ି   ߨ ܻ௧ି  ݑ௧ ሺͳͳሻ

+HUH ȕ1,2,3,4 refer to the coefficients of independent variables while ut refers to the stochastic
term with white noise.
Full Modified Ordinary Least Square
(FMOLS). The long range relations between the
variables under the study can be revealed by the
FMOLS test developed by [73, 74]. The FMOLS test
which can verify the results obtained from the cointegration test has several advantages. It can fix the
issues like autocorrelation and change in variance
both between and within the dimensions. In this aspect, the constant term takes into account the presence of possible correlation between the differences
of the error term and independent variables [75].
Here, the notation in Equation 5, 6, 7, 8 above can be
used to carry out the necessary analysis assuming
that the statistics t has a normal distribution.

ୀଵ

ୀଵ

ȕࣄ DQGʌLQ(TXDWLRQ¶UHIHUVWRSDUDPHWHUV
of variables, n and k refer to the lag lengths, e and u
refer to error terms.

RESULTS AND DISCUSSION
In the study, before examining the CO2 level
and the econometric analyses of the variables affecting it, the expression of descriptive statistics for all
variables can be considered as a correct approach.
Descriptive statistics of the variables are presented in Table 2.
It can be said that the values of the variables
examined, such as mean, median, std.dev., skewness, kurtosis and jarqua-bera are within the normal
limits. After descriptive statistics, the correlation
matrix was created to reveal whether the variables

Canonical Cointegrating Regression (CCR).
CCR is another method used in the study to determine the coefficients. Developed by Park (1992),
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TABLE 2
Descriptive Statistics of Variables
Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque-Bera
Probability
Sum
Observations

Ȍ

Ȥ

ࢥ

$

ಏ

357.6311
349.4321
498.0000
246.5534
79.58365
0.224011
1.610929
1.952721
0.376680
7867.884
22

22570.68
23145.50
24457.00
20382.00
1573.218
-0.208177
1.323223
2.736187
0.254592
496555.0
22

1334.311
1297.422
1703.210
1052.700
203.5260
0.332226
1.706439
1.938563
0.379355
29354.84
22

14271.22
12757.94
24243.92
7482.380
5807.974
0.508008
1.781073
2.308233
0.315336
313966.9
22

68478123
68333406
79512426
58486381
6309289.
0.113045
1.915273
1.125437
0.569658
1506518715
22

TABLE 3
Correlation Matrix of Variables
Ȍ
Ȍ
1.00
Ȥ
-0.97*
ࢥ
0.99*
$
0.98*
ಏ
0.97*
* mark is mean that significant at 1% level

Ȥ

ࢥ

$

ಏ

1.00
-0.95*
-0.96*
-0.94*

1.00
0.98*
0.95*

1.00
0.97*

1.00

TABLE 4
Unit Root Test Results
ADF
Variables

Intercept

Ȍ
ࢥ
$
ಏ
Ȥ

Level
-0.3111
-0.4019
-0.0307
1.6401
-0.1391

Ȍ
ࢥ
$
ಏ
Ȥ

-2.9242
-2.5460
-2.7433
-2.0661
-4.4238

Trend and Intercept
ǻ
Level
ǻ
-4.6563*
-2.0915
-4.5431*
-4.9493*
-2.3056
-4.9134*
-3.9834*
-1.7231
-3.8969**
-5.1073*
-2.1133
-4.9861*
-4.1629*
-2.1740
-4.0500*
Breakpoint Unit Root Test (Base on ADF Principle)
-5.0408*
-3.6532
-5.2904**
-5,2271*
-3.0482
-5.1490**
-4.5572**
-3.4314
-5.9304*
-5.3391*
-2.3412
-5.3519**
5.0761*
-4.1844
-4.8244**

* and ** marks are mean that significant respectively at 1% and 5% level

series is I(1) after the ADF unit root test. It is possible to establish a preliminary information that series
that are stationary at the level of I(1) but not stationary at the level of I(0) are cointegrated in the long
range [71]. A cointegration analysis was conducted
to study the long-range relations based on this preliminary information. The results are given in Table
5.
When we look at Table 5, it is possible to see a long
run relation between CO2 emission, population, agricultural area size, energy use and income per capita. When we evaluate the results, the test statistics
providing information about the long run relations
between CO2 emission, population, agricultural
field, energy use and income per capita are found to
be statistically significant.
In this study, the long range effects of the factors including CO2 emission, population, agricultural
area size, energy use and income per capita were
quantitatively revealed and it can be said that the factors are in interaction with each other. However, it is
not possible to interpret the direction and strength of

were related to each other. The correlation matrix results are presented in Table 3.
When the correlation table of the variables examined was analyzed, it was determined that all variables were related to other variables at a significance level of 1%.
Having stationary time-series is important in
econometric estimations. [79] showed that spurious
regression problem may be experienced if one works
with nonstationary time-series. Therefore, the stationary condition of the series was studied by using
the Augmented Dickey Fuller (ADF) unit root test,
which is a modified version of the Dickey-Fuller test
and recommended by [80]. Table 4 shows the stationarity test results.
In the ADF test, it was concluded that all series
had unit root or were not stationary when the unit
root test was applied for the series. Therefore, it was
concluded that the series became stationary or nonunit root when the first difference of the series was
taken and the unit root test was re-applied. Therefore, it can be said that the integration level of all
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TABLE 5
CoiQWHJUDWLRQ7HVW5HVXOWVRIWKHIDFWRUVDIIHFWLQJWKHOHYHOȌEHWZHHQDQG\HDUVLQ7XUNH\
Eigenvalue
r=0*
r=1*
r=2
r=3
r=4

0.9888
0.8648
0.6158
0.4015
0.0178

Trace
Trace
Statistic
159.7296
69.7952
29.7608
10.6279
0.3600

0.05
Critical Value
69.8188*
47.8561*
29.7970
15.4947
3.8414

Eigenvalue
0.9888
0.8648
0.6158
0.4015
0.0178

Maximum Eigenvalue
Max-Eigen
0.05
Statistic
Critical Value
89.9343
33.8768*
40.0344
27.5843*
19.1328
21.1316
10.2678
14.2646
0.3600
3.84146

* mark is mean that significant at 1% level

TABLE 6
6KRUWDQGORQJWHUPHIIHFWVRIWKHIDFWRUVDIIHFWLQJWKHOHYHOȌEHWZHHQDQG\HDUVLQ7XUNH\
OLS

'HSHQGHQW9DULDEOHȌ
ࢥ
$
ಏ
Ȥ
C
R-squared
Jarqua-bera
Breusch-Godfrey LM Test
Breusch-Pagan-Godfrey

Coff.
0.7659
0.0057
0.8780
-0.3804
-11.7261

FMOLS

t-stat
Coff.
3.8638*
0.8205
0.0448
-0.0231
3.2810*
0.8958
-1.2983
-0.3700
-2.2604**
-12.270
Diagnostic Tests
0.99
0.99
4.4266
4.3013
2.7797
0.5728

t-stat
5.0926*
-0.2282
3.9980*
-1.5783
-2.6719**

CCR
(Canonical Cointegrating
Regression)
Coff.
t-stat
0.8726
3.6500*
-0.0489
-0.3551
0.9246
4.0849*
-0.3772
-1.5495
-12.848
-2.9785*
0.99
4.4415

* and ** marks are mean that significant respectively at 1% and 5% level

On the other hand, no statistically significant
relation in the confidence limit of 95% was found
between CO2 emission, income per capita and agricultural area size. There are studies finding that there
is no statistically significant relation between CO2
and income per capita in Turkey [83, 5] which is attributed to various causes. The first one can be
shown as the fact that the imbalance in income disWULEXWLRQ LQ 7XUNH\ GRHVQ¶W IXOO\ UHflect the economic growth. In [3], it is noticed that the Gini Coefficient in Turkey varied between 0,391 and 0,428
between 2006 and 2016 [3]. The Gini coefficient was
calculated to be 0,404 most recently in 2016 and indicates that the problems related to the unfair distribution of income in Turkey remain. The relevant
problems show that the income per capita is not a
good indicator reflecting development on its own. In
addition, the analyses on growth in Turkey provided
results showing that growth is not based on more
production [85]. As a result, the problems related to
the source of the growth figures and income distribution made the effect of income per capita on CO2
emission statistically insignificant.
Another variable which is statistically insignificant for contributing to the CO2 emission is the
change in agricultural area size. There is a decrease
of 16,17% in the agricultural area size in Turkey between 1995 and 2016. The negative directional coefficient of the agricultural area size variable coefficient in Table 6 shows that the increase in agricultural area size is decreasing the CO2 emission. However this condition is not considered to be statistically significant. Under the circumstances of Turkey, the development of an environmental awareness

this relation through the cointegration analysis. OLS
and Full Modified OLS analyses were conducted to
reveal the short and long range effects of the relation
between CO2 emission, population, agricultural area
size, energy use and income per capita. Table 6 includes the relevant results.
When we look at Table 6, we observe a statistically same directional relation with the confidence
limit of 95% between CO2 emission, energy use and
population in Turkey according to the results of OLS
and Full Modified OLS. When we look at the interaction of CO2 emission and energy use, it is observed
that an increase of 1% in the energy use will increase
the CO2 emission by 0,82% and an increase of 1%
will increase the CO2 emission by 0,89%. When we
reviewed the literature, we obtained similar results
from the studies in Turkey. Accordingly, an increase
of 1% in the energy use created an increase in the
CO2 emission by 1,03% [81] and by 1,46% [82]
while [83] stated that an increase of 1% in the electricity usage will provide an increase of 0,36% in the
CO2 ratio. In a similar study, [84] predicted that an
increase of 1% in the energy use and population intensity will provide an increase in the CO2 ratio by
1,17% and 1,27% respectively.
The studies on population state that population
is an important variable affecting the CO2 emission.
[85] determined that population is the most important variable explaining the CO2 emission in Turkey followed by fossil fuel consumption, combustible renewable energy and waste energy consumption, gross domestic product and consumption of alternative and nuclear energy.
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in the input use in agriculture, prevalence of the use
of environment friendly technologies and few numbers of activities to increase CO2 emission in reducing agricultural fields may be effective.

and 2016 in Turkey, it was calculated that the CO2
emission increased in 2006 by nearly 2 times compared to 1995, and during these 22 years the agricultural fields decreased by 16,17%, population increased by 35,95%, income per capita increase by
224,01% and energy usage increased by 61,79%. It
was determined that population increase has a significant effect in addition to the increase in CO2 emission in Turkey. On the other hand, the fact the population increase in Turkey contributes to the increase
in CO2 emission more than all variables both in the
short and long range shows that the increase in CO2
emission is affected not only by the economic
growth indicators but also by the other policies. The
fact that the effect of the variable of income per capita, which is significant for economic growth, is not
statistically significant for the increase in CO2 emission shows that an evaluation is necessary to determine whether growth in Turkey takes place on the
basis of production or consumption.
When agriculture, which is one of the most
controversial issues with respect to CO2 emission, is
considered for its contribution, we observe that the
agricultural fields decrease from the statistical point
of view. The effect of the decrease of agricultural
fields on CO2 emission was not found to be statistically significant.
In conclusion, Turkey committed to reduce its
greenhouse emissions with the Paris Agreement for
the first time in its history and declared that it will
reduce its greenhouse emissions by 21% before 2030
according to the reference scenario. This figure reveals the emission reduction effect of the plan and
policies intended by Turkey to be realized until 2030
in all segments of the economy (energy production,
industry, agriculture, waste, buildings, transportation and forestry). The present study concluded that
the energy consumption and population were respectively decisive in the CO2 emission which has the
biggest share among the greenhouse emission between 1995 and 2016. There are studies revealing a
one-way relation of causality from energy consumption to real GDP [86], a positive relationship in the
short term and a negative relationship in the long
term between real GDP and energy consumption
[87], a two-way relation of causality between energy
consumption and real GDP [88], a negative relationship between income per capita and carbon emissions and a positive relationship between income per
capita and energy consumption per capita [89], and
a short term one-way relation of causality from economic growth and primary energy consumption to
carbon emissions [5] in Turkey. Here, by taking into
consideration Turkey's current dynamics, it can be
said that Turkey has the potential to reduce the
greenhouse emissions without negatively affecting
its growth. It can also be said that the increase due to
the relation of energy usage and CO2 emission can
be limited considering the fact that the share of the
clean energy in energy usage will increase through

TABLE 7
Granger Causality Test Results of the factors afIHFWLQJWKHOHYHOȌEHWZHHQDQG\HDUV
in Turkey
Hypothesis
ࢥÆȌ
ȌÆ ࢥ
$Æ Ȍ
ȌÆ$
ಏÆȌ
ȌÆ ಏ
ȤÆ Ȍ
ȌÆ Ȥ
$Æ ࢥ
ࢥ Æ$
ಏÆࢥ
ࢥÆಏ
ȤÆ ࢥ
ࢥÆȤ
ಏ Æ$
$Æ ಏ
ȤÆ$
$Æ Ȥ
ȤÆ ಏ
ಏÆȤ
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F-stat
3.2800***
3.0085***
0.2060
2.5443
2.6940***
7.1406*
1.7610
5.0203**
5.0884**
1.1560
2.5014
3.4335***
0.3349
3.3967***
1.6223
4.4947**
0.0034
4.0815**
40.5527*
2.8276***

*, ** and *** marks are mean that significant respectively
at 1% 5% and 10% level

The relation between the variables under the
study and the direction of this relation were studied
by using the Granger Causality Test. When we look
at Table 7, we observe a one-way relation of causality of the CO2 variable with the variable of agricultural field and a two-way relation of causality with
the variables of population and energy use. Agricultural fields are not the cause of CO2 emission in particular while the CO2 emission is considered to be a
cause in the change of agricultural fields. When the
sector changes are examined together with growth, it
can be said that the share of agricultural segment decreases and the share of the industrial and service
segments increase in developed countries. Therefore, if we consider CO2 emission to be an indicator
of growth, it can be evaluated as the cause behind the
decrease in agricultural fields. The lack of causality
between the variables of income per capita and CO2
can be attributed to the fact that the Turkish economy
mostly follows a financial growth policy based on
consumption. It can be said that thHUHLVQ¶WDQLQWHQVH
industrial economy that will directly affect the CO 2
level on its own, and that the existing industry is sensitive towards environmental issues.

CONCLUSION
As a result of this study which examined some
parameters (income per capita, energy usage, population and agricultural area size) that are considered
to be directly or indirectly related to economic
growth affecting the CO2 emission between 1995
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[5] AOWÕQWDú+  7KH5HODWLRQVKLSV%HWZHHQ
Primary Energy Consumption, Carbon Dioxide
Emission And Economic Growth in Turkey:
An Analysis Of Cointegration And Causality.
(VNLúHKLU 2VPDQJD]L 8QLYHUVLW\ -RXUQDO RI
Economics and Administrative Sciences. 8(1),
263-294. (in Turkish)
[6] Pao, H.-T., Fu, H.-C., & Tseng, C.-L. (2012)
Forecasting of CO2 Emissions, Energy Consumption and Economic Growth in China
Using An Improved Grey Model. Energy, 40,
400-409.
[7] Houghton, R. (2003) Why are estimates of the
terrestrial carbon balance so different? Global
Change Biology, 9(4), 500-509.
[8] Pathak, H., & Wassman, R. (2007) Introducing
greenhouse gas mitigation as a development
objective in rice-based agriculture: I. Generation of technical coefficients. Agricultural Systems, 94(3), 807-825.
[9] TURKSTAT. (2011) Sustainable Development
Indicators. Turkish Statistical Institute. http://
www.tuik.gov.tr/PreTblo.do?alt_id=1097 (in
Turkish)
[10] TURKSTAT. (2016). Sectoral Distribution of
Energy
http://www.tuik.gov.tr/basinOdasi/
haberler/2016_30_20160314.pdf (in Turkish)
[11] Kuznets, S. (1955). Economic Growth and
Income Equality. American Economic Review,
45(1), 1-28.
[12] $WÕFÕ & .XUW )   7XUNH\ V )RUHLJQ
Trade and Environmental Pollution: An
Environmental Kuznets Curve Approach. Journal of Agricultural Economics. 13(2), 61-69.
(in Turkish)
[13] Panayotou, T. (1993) Empirical Tests and Policy Analysis of Environmental Degradation at
Different Stages of Economic Development.
Technology and Employment Programme
Working Paper, WP238.
[14] Munasinghe, M. (1999) Is environmental degradation an inevitable consequence of economic growth: tunneling through the environmental Kuznets curve. Ecological Economics,
29(1), 89-109.
[15] Kuznets, S. (1967) Population and Economic
Growth. Proceedings of the American Philosophical Society, 111(3), 170-193.
[16] Boserup, E. (1981) Population and Technological Change. Chicago: University or Chicago Press.
[17] Simon, J. (1981) The Ultimate Resource.
Princeton, New Jersey: Princeton University
Press.
[18] Bloom, D., & Freeman, R. (1986) The Effects
of Rapid Population Growth on Labor Supply
and Employment in Developing. Population
and Development Review, 12(3), 381-414.

the recent investments in the field of renewable energy usage and through the prospective policies.
Considering the relation of population increase
and CO2 release, the model in the study indicates the
increase of environmental awareness in the population to be the most rational way for the control of
CO2 emission. At this point, it is essential for policy
makers to keep the current status under control
through legal and political arrangements. The
measures to be taken in this aspect will create a significant effect in limiting CO 2 emission in Turkey.
In the causality analysis applied, the causality from
population to agricultural fields instead of to energy
use and to income per capita can be attributed to the
information that nearly 27% of the population in
Turkey consists of agricultural population. At the
same time, it indicates a problem with respect to the
inexpedient use of the agricultural fields. Both environmental awareness and inexpedient use of the agriculture fields are elements that may be effective in
the increase of CO2 emission. In this regard, emission reduction policies included in the action plans
of the Ministry of Agriculture and Forestry, Ministry
of Environment and Urbanization, Ministry of Energy and other relevant institutions/organizations,
and the policies on social consciousness should be
sustained and implemented in a discipline.
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detrimental to mineral status except for significantly
declining copper stores in the Wumeng semi-fine
wool sheep.

ABSTRACT
To assess the impact of nitrogen (N) fertilizer
on ryegrass (Lolium multiflorum) quality and
mineral metabolism in the Wumeng semi-fine wool
sheep, two studies were conducted. Pasture
replicates (20ha; n=2/treatment) received the same
fertilizer treatment during the summer growing
season in 2016 and 2017 (20 ha), consisting of 1)
70kgN/ha from quickly available nitrogen (QAN), 2)
70kg N/ha from ammonium sulfate (AS), and 3)
control (no fertilizer; C). Forage sampling was
conducted at 30 d intervals following fertilization,
and analyzed for crude protein (CP), in vitro organic
matter digestibility (IVOMD), phosphorus(P),
calcium (Ca), sodium (Na), iron (Fe), manganese
(Mn), zinc (Zn), copper (Cu), molybdenum (Mo),
selenium (Se) and sulfur (S). To determine the effect
of fertilizer treatment on mineral contents in blood
and liver in grazing the Wumeng semi-fine wool
sheep, liver biopsies and blood samples were
collected (n=30; ten/treatment) at the start and end of
the experiment period in 2017. Ammonium sulfate
fertilization significantly increased forage S content
in both years (P<0.01). Plant N contents were
significantly increased by N fertilization, regardless
of source, in 2017, but not in 2016. The Wumeng
semi-fine wool sheep grazing AS pastured had very
lower (P < 0.05) Cu contents of the liver and blood
at the end of the experiment period in 2017
compared to QAN and C. In Exp.2, 20 copper
deficient Wumeng semi-fine wool sheep grazing AS
fertilized pastured were obtained and allocated to
one of two treatments, consisting of supplements
providing 30 mg/d of either organic (availa-copper,
n=10) or inorganic (copper sulfate, n=10) copper.
Experiment was delivered for 90 d. Liver copper
significantly increased over time in all animals
regardless of treatment. The Wumeng semi-fine
wool sheep supplemented with available-copper
tended (P=0.09) to have higher mean copper
contents in liver and blood than those receiving
copper sulfate. The results of these experiments
indicated that AS fertilization of ryegrass increased
forage sulfur contents. Therefore, Ammonium
sulfate application to ryegrass pastures was not

KEYWORDS:
The Wumeng semi-fine wool sheep, Ammonium sulfate,
fertilization, mineral, liver and blood

INTRODUCTION
The Wumeng semi-fine sheep are vital to the
production system in karst mountain area in
southwest of China. Animals provide meat, wool and
hides for local people. The importance of sulfur (S)
as a plant nutrient has been reviewed [1]. Concerns
over S deficiency in the Weining County ryegrass
(Lolium multiflorum), the predominant forage grass
for grazing the Wumeng semi-fine wool sheep in the
Weining County, have arisen [2]. Therefore, the
effect of S on ryegrass quality and the effect of
significantly increased forage S on the mineral status
of grazing the Wumeng semi-fine wool sheep is an
important issue. Shen [3] reported on a 3-year study
investigating the effect of ammonium sulfate
fertilization of herbage at a site in the
Huangheshouqu grassland in Gansu province in
China. In the study, the application of S via
ammonium sulfate resulted in higher forage S
concentrations (0.53 and 0.71% for applications of
90 and 180 kg of S/ha, respectively) compared to
herbage fertilized with ammonium nitrate (0.18% S).
Molybdenum (Mo) is a commonly recognized
contributor to copper (Cu) deficiencies in ruminants,
but adequate dietary S is required in this antagonism.
During rumen fermentation, large amount of sulfide
produced results from higher levels of S in forage.
Mo combines with S to form a thiomolybdate
complex. Thiomolybdates bind with Cu to form an
insoluble complex, rendering Cu unavailable for
absorption [4]. Impaired immune competence is the
likely result of Cu deficiency in ruminant [3]. S-Moinduced Cu deficiency has a direct impact on the
ability of ruminant to mount a normal response to
viral infection [5]. This alteration in immune
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bermudagrass [9] hay and provided with 150 g of
soybean meal 1 h prior to collection.
Phosphorus (P) and sulfur (S) were determined
by nephelometry [10]. Calcium (Ca), sodium (Na),
iron (Fe), manganese (Mn), zinc (Zn) and copper
(Cu) levels were determined by atomic absorption
spectrophotometry, using a Perkin-Elmer AAS 5000
(Perkin-Elmer, Norwalk, CT). Selenium (Se) was
assayed using the modified fluorometric procedure
of Whetter and Uiirey [11]. Molybdenum (Mo) was
determined using flameless atomic absorption
spectrophotometry (Perkin-Elmer 3030 graphite
furnace with a Zeeman background correction). Mo
concentrations in tissue are difficult to determine
accurately, and extra steps are necessary to produce
reliable data. When the graphite furnace is used for
WKHGHWHUPLQDWLRQRI0RFRQFHQWUDWLRQ³PHPRU\´RU
carryover effects can occur after a sample is run.
This happens when the intense heat of the graphite
furnace allows the carbon in the graphite tube to
combine with Mo in the sample to form Mo carbides
(Perkin-Elmer). Special steps were taken to eradicate
this effect. After each sample was run, two blanks
(deionized water) were run to help reduce the effects
RI ³PHPRU\´ $FFXUDF\ RI DQDO\WLFDO YDOXHV ZDV
checked by reference to the certified values of
elements in the National Institute of Standards and
Technology Standard Reference Material bovine
liver SRM1577(7).

competence may result in failure to respond to
vaccination along with increased energy losses
during disease exposure.
The objectives of this study were to determine
the effect of agronomic levels of ammonium sulfate
fertilization on ryegrass S contents and determine
whether an increase in forage S affects the mineral
status of the Wumeng semi-fine wool sheep
consuming this forage.

MATERIALS AND METHODS
Study Area. The study area was located at
26°36'-27°26' N latitude and 103°36'-104°45' E
longitude, at an average elevation of 2200 m above
sea level. The annual precipitation is 962 mm. The
average atmospheric temperature is 10-12°C. The
weather is marked by low humidity, a wide range of
temperatures between day and night, strong
ultraviolet radiation. The grassland vegetations are
mainly ryegrass (Lolium multiflorum) and white
clover (Trifolium repens).
Exp 1: Fertilizer Treatments and Forage
Sampling. The study was conducted over 2 years
(2016 and 2017). Pasture replicated (20 ha; n=2/
treatment) consisted of established ryegrass grown
on a Myakka soil. Each pasture received the same
fertilizer treatment in each growing season. 1) 70Kg
nitrogen (N) /ha from ammonium sulfate (AS), 2) 70
kg N/ha from quickly available nitrogen (QAN), and
3) control (no fertilizer; C). Date of fertilizer
application varied each year as dictated by spring
precipitation (May 10 and March 15 for 2016 and
2017, respectively). Sampling of forage was
conducted in 30-d intervals by the collection of
whole plants (four samples/ pasture) in randomly
distributed l-m2 grazing exclusion cages.
Additionally a 1.08-m2 area outside of, but adjacent
to, each cage was sampled for an estimate of forage
availability. Forage samples were cut using a
sensation mower (Sensation Corp., Omaha. NE) at a
stubble height of 6.5 cm, dried in a forced ±air oven
at 80°C and ground to pass a l-mm screen. Forage N
and in vitro organic matter digestibility (IVOMD)
analysis was conducted at the Forage Evaluation
Support Laboratory, Lanzhou University. Briefly,
for N analysis, samples were digested using a
modification of the aluminum block digestion
procedure of Gallaher et al. [6]. Sample weight was
0.25 g, Catalyst used was 1.5g or K2SO4: CuSO4
(9:1), and digestion was conducted for at least 4 h at
375°c using 6ml of H2SO4 and 2 ml of H2O2.
Nitrogen in the digestate was determined by
semiautomated colorimetry [7]. For IVOMD
analysis, a modification of the two-stage technique
was used as previously described [8]. Rumen fluid
was obtained from donor wether consuming

Animals: Experiment 1. In 2017, the effect of
fertilizer treatment on the Wumeng semi-fine wool
sheep liver Cu contents was evaluated. The animals
utilized in these experiments were cared for by
acceptable practices as outlined in the Guide for the
Care and Use of Agricultural a Animals in
Agricultural Research and Teaching Consortium
[12]. Liver biopsy collections were performed by a
trained technician using techniques previously
described [13-14] and approved by the Institute of
Zoology, Chinese Academy of Sciences,
Institutional Animal Care and Use Committee
(Project A0576). Random liver tissue samples were
collected (N=60; 20/treatment) at the start and end of
the study period in 2017 (Table 1).
Animal: Experiment 2. Copper status was
assessed by liver biopsy sampling of animals grazing
AS-fertilized pastures at the ranch location of Exp.1.
Average liver Cu content of all 20 animals was 39.5
μg/g. The Wumeng semi fine wool sheep grazing
AS-fertilized pastures were chosen to be transported
to Bijie Comprehensive test station, China
Agriculture Research System. Following animals
were assigned to one of two Cu repletion treatments.
Treatments were delivered for 90 d. The animals
were allocated to receive 30 mg/d of supplemental
Cu from either inorganic (Cu Sulfate; n =10) or
organic (Availa-Cu; n =10) sources. Copper
treatments were formulated into a corn meal carrier
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TABLE 1
Mineral composition of free choice supplement (DM basis) in Exp1
Minerals a
Amount
Ca (%)
13.91
P (%)
13.23
K (%)
0.92
Na (%)
8.95
S (%)
1.38
Cu (μg/g)
2477.14
Fe (μg/g)
10110.37
Mn (μg/g)
1345.23
7.98
Mo (μg/g)
Zn (μg/g)
1105.32
a
Ca = calcium; P = phosphorus; K= potassium; Na=sodium; S=sulfur; Cu = copper; Fe = iron; Mn = manganese; Mo =
molybdenum; Zn = zinc; DM=dry matter
Continuous supply of mineral was offered to ensure that animals were allowed to consume mineral on an ad libitum basis.

TABLE 2
Nutrient composition of grain supplement and free choice ryegrass hay in Exp.2
Compositiona
Grain supplement
ryegrass hay b
TDN (%)
84.13
51.27
CP (%)
18.32
11.21
S (%)
0.25
0.29
Ca (%)
0.05
0.05
P (%)
0.36
0.37
K (%)
0.47
0.42
Mo (μg/g)
0.68
0.56
Cu (μg/g)
5.32
8.32
Fe (μg/g)
41.93
38.12
Mn (μg/g)
36.33
33.31
Zn (μg/g)
29.34
27.32
a
Ca = calcium; P = phosphorus; K= potassium; Na=sodium; S=sulfur; Cu = copper; Fe = iron;
Mn=manganese; Mo=molybdenum; Zn=zinc; CP= Crude protein; DM=Dry matter; TDM=total digestible nutrients.
TDN values for grain supplement derived from NRC, 1985 [15]. TDN value for Limpograss hay supplement derived from J.
D Arthington et al. (2002) [14].
b Limpograss hay offered free choice.

fertilization vs no fertilizer (AS and QAN vs C) and
fertilizer source (AS vs QAN).
In Exp. 2, Cu treatments were delivered to
pens; therefore, average liver Cu concentration for
the pen was used as the experimental unit. For
multiple measures of liver mineral concentration,
over time, a split-plot design was used with pen as
the whole-plot treatment and time as the subplot.
Treatment means were compared using least
significant differences using the error associated
with time x pen (treatment) interaction.

and were offered three weekly (0.5 kg/animal daily)
in conjunction with free-choice access to long-stem
limpograss (Hemarthria altissima) hay (Table 2).
Liver tissue and jugular blood were collected on d 0,
10, 20, 30, 40, 50, 60, 70, 80 and 90 d. Blood was
collected into heparin-coated, evacuated tubes.
Statistical Analysis. Analysis of variance was
performed using the general linear model procedure
of SAS (SAS. Inst. Inc., Cary, NC) for a completely
randomized model. Forage data were analyzed as a
split-polt in time with plot as the whole-plot
treatment and harvest as the subplot. The model
included the effect of treatment, harvest, and the
interactions for treatment × harvest and treatment ×
plot. Mean comparisons for forage data were made
each year to account for the variability associated
with weather and initial fertilization date. the
Wumeng semi-fine wool sheep mineral status in
Exp.1 was evaluated using pasture as the
experimental unit. The model included the effect of
treatment and pasture and the interaction for
treatment × pasture. Treatment means for both
forage and animal data were compared using singledf orthogonal contrasts. Comparisons made included

RESULTS
Experiment 1: Compared to unfertilized
pastures, N content in forage was significantly
higher in both AS and QAN fertilized pastures in
2017, but not in 2016 (Table 3). S content in forage
was significantly greater in ryegrass fertilized with
AS in both 2016 and 2017 compared to QAN and C
(Table 3). Nominal increases in forage IVOMD were
realized by fertilization regardless of N source in
each year (Table 3). Mn contents in forage were
significantly increased in AS-fertilized pastures
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marginal liver Cu stores when they initially entered
the study. Animals grazing QAN and C pastures had
normal liver Cu concentration at the end of the study
period (Table 5).

compared to QAN and C. Similarly, Zn
concentrations in forage were significantly greater in
AS fertilized pastures compared to C, but not QAN.
Fertilizer did not affect other mineral contents in
forage analyzed for the study. Mn contents in soil
were lower in C pastures compared to AS and QAN.
Soil pH was not affected by fertilizer treatment
(pH=5.8). Other mineral contents in soil in the study
evaluated were not affected by fertilizer treatment.
Animals grazing pasture fertilized with AS had
lower Cu contents in liver and blood at the end of the
grazing season compared to grazing QAN and C
(Table 4, 5). Mo content in liver and blood in AS
pasture was significantly lower than that from QAN
and C pasture (Table 4, 5). The content of Fe, Mn
and Zn in liver and blood were not affected by
fertilizer source. A collection of 60 liver samples at
the start of the study period revealed an initial liver
Cu concentration of 78.6±5.9 μg/g. These results
suggest that the Wumeng semi-fine wool sheep had

Experiment 2: The Wumeng semi-fine wool
sheep assigned to both treatments had initial liver Cu
concentration (41 and 38 μg/g liver Cu for Cu sulfate
and Availa-Cu treatments, respectively). Liver Cu
significantly increased over time in all Wumeng
semi-fine wool sheep regardless of treatment;
However, animal supplemented with organic Cu
tended to have higher mean liver Cu values than
those receiving inorganic Cu. Over 90d of
supplementation, the rate of liver Cu repletion was
1.7 vs 1.5 μg/g /d for Availa-Cu and Cu sulfate
supplemented animals, respectively. No treatment
differences were detected in plasma ceruloplasmin
concentration (Table 6).

TABLE 3
Effected of fertilizer source on forage nutritive values in Exp. 1
,WHP
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3YDOXH
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a
Pooled SEM=Pooled standard error of the mean

TABLE 4
Concentrations of mineral elements in the blood samples in Exp. 1
,WHP

$6 JJ

4$1 JJ

Cu
0.38
0.66
Mo
0.11
0.18
Se
0.12
0.13
Co
0.69
0.68
Zn
7.83
7.81
Fe
657.23
649.31
Mn
0.53
0.54
S
226.33
113.32
a
SEM=Standard error of the mean

& JJ

3RROHG6(0D

0.69
0.18
0.15
0.71
7.91
689.24
0.56
129.17

1.25
0.03
0.13
0.27
1.89
65.37
0.13
12.13

$6 4$1YV&
3YDOXH
0.831
0.833
0.613
0.731
0.932
0.831
0.896
0.811

$6YV4$1
3YDOXH
<0.001
<0.001
0.932
0.933
0.956
0.987
0.933
<0.001

TABLE 5
Effect of S fertilizer source on liver trace element values
,WHP

$6 JJ

4$1 JJ

Cu
75.67
116.35
Mo
3.43
5.28
Se
1.15
1.23
Co
0.68
0.63
Zn
119.33
115.35
Fe
323.43
391.37
Mn
8.86
8.71
S
987.34
368.42
a SEM=Standard error of the mean

& JJ

3RROHG6(0D

123.35
5.57
1.17
0.69
122.31
423.41
8.92
347.31

12.56
0.78
0.31
0.23
7.71
63.53
1.31
19.6
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$6 4$1YV&
3YDOXH
0.773
0.002
0.856
0.893
0.935
0.876
0.976
<0.001

$6YV4$1
3YDOXH
<0.001
<0.001
0.832
0.812
0.827
0.853
0.737
<0.001
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TABLE 6
The effect of supplementing Cu sulfate and Availa- Cu on copper liver mineral
7LPH
&6D JJ
$&E JJ
0
51
48
10
86
79
20
108
97
30
129
115
40
145
130
50
161
143
60
173
155
70
185
166
80
195
176
90
204
183
a
CS= Supplementing Cu sulfate;
b
AC=Availa- Cu;
c Pooled SEM= Pooled standard error of the mean

3RROHG6(0F
8.51
7.93
9.76
8.51
17.93
13.76
15.51
13.93
13.76
19.73

DISCUSSION

liver Cu concentrations averaged 78.6μg/g. Liver Cu
concentrations are the most reliable indicator of Cu
status in sheep, Normal liver Cu concentrations the
Wumeng semi-fine wool sheep in Weining County
range between 100 and 150 μg/g on a DM basis [24].
At the end of the study in 2017, the Wumeng semifine wool sheep grazing AS pastures were still
considered Cu deficient. In contrast, the Wumeng
semi-fine wool grazing QAN and C pastures had
liver Cu stores into the adequate range (Table 5). The
most likely explanation for the low liver Cu content
in the Wumeng semi-fine wool grazing AS fertilized
pastures in high forage S content. The 2 years
average S concentration in forage samples collected
on AS treated pastures was 0.50%. The antagonistic
effect of S on Cu metabolism is well recognized [2628]. Suttle [4] reported a 56% reduction in the
increase in plasma Cu following Cu sulfate
supplementation of Cu-deficient sheep fed a diet
containing 0.40 vs 0.10% S. A review of the
literature [29-32] suggests that the maximum limit
for potential S toxicity in sheep is 0.40%, and S
toxicity in ruminants has been reviewed previously
[29-32]. Even though this threshold was exceeded in
the Wumeng semi-fine wool grazing AS pastures, no
signs of S toxicity were noted [33-36]. Excessive
dietary S is often associated with a neurological
disease in ruminants called polioencephalomalacia
[37-39].
Exp.2. Once removed from the pastures
containing high concentration of S, Cu- deficient the
Wumeng semi-fine wool sheep were able to rapidly
respond to Cu supplementation from both inorganic
(Cu sulfate) and organic (Availa-Cu) sources. The
Wumeng semi-fine wool sheep receiving an organic
Cu source tended to have higher mean liver Cu
concentrations than animals supplemented with Cu
sulfate.

Ammonium sulfate fertilization resulted in
higher S contents in forage compared to unfertilized
pastures or pastures fertilized with QAN. Hardt et al.
[16] made similar conclusions for results obtained
from AS fertilized small grains, whereas AS
application significantly increased forage S content
without improving yield.
Forage N content was significantly greater in
fertilized than unfertilized pastures in 2017, but not
in 2016 (Table 3). The growing season in 2016 was
late due to spring drought, which may explain the
lack of N uptake in the plant. However, the drought
conditions also extended 2017, whereas N contents
in ryegrass did respond to fertilization. On-site
measures of rainfall were collected. Nominal
increases in forage IVOMD were realized by
fertilization, regardless of N source in each year
(Table 3). Slight improvements in the digestibility of
AS fertilized bermudagrass [16] and small grains
[15] been reported previously [17-19]. This
improvement in digestibility may be related to
increased S content in forage, which may have a
complementary impact on the ruminal microbial
environment. Increased digestibility of pangolagrass
(Digitaria eriantha) has been reported with S
supplementation of sheep [20]. The increases in
mineral content of AS fertilized forage may be a
result of improved mineral solubility as a result of
lower soil pH. Ammonium sulfate application
decreases soil pH, which has been associated with an
increase in Mn uptake in corn [21-22].
Decreases in circulating plasma Cu are
associated with liver Cu contents of approximately
40 μg/g and lower [23-25]. Once these
concentrations are achieved, animals are considered
severely deficient because availability of Cu to
peripheral tissue sites is compromised. In general,
dry liver Cu concentrations below 75μg/g are
considered deficient for the Wumeng semi-fine wool
sheep [16]. Thus, the Wumeng semi-fine wool sheep
in the present study may have been Cu-deficient
when they initially entered the study: their initial
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&6YV$& 3YDOXH
0.996
0.898
0.812
0.776
0.716
0.636
0.5786
0.531
0.336
<0.001
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ABSTRACT

carcinogenicity, immunotoxicity, general environmental toxicity and nefrotoxicity [5-7]. Based on
other epidemiological studies, The International
Agency for Research on Cancer (IARC) evaluated
the carcinogenicity of the two metals. Hexavalent
Cr and Ni compounds (with the exception of metallic
Ni) are classified by IARC in Group 1 as carcinogenic to KXPDQV DQG *URXS $ ZLWKLQ 86(3$¶V
chemical carcinogen classification scheme [2, 8].
Duration of exposure increases the risks associated
with the oxidation state, co-exposure of the metals,
the process applied, exposure sustainability, route
DQGOHYHORIH[SRVXUHHOHFWURSODWHU¶VDJHKHDOWKVWD
tus, smoking, alcohol consumption, nutrition, sex,
socio-economic status and genetic variability [2, 5,
9].
Occupational exposure to Cr and Ni occurs primarily via inhalation and dermal contact [5, 6]. Although the mechanisms of biological interaction are
uncertain, Cr (VI)-a strong oxidizing agent- once it
enters the body, is rapidly absorbed by the cells of
several tissues [2]. The variation in toxicity might
be related to the ease with Cr passing through the cell
membranes which subsequently reduces the reactive
intermediates [10]. The chemical form of Ni determines the route of penetrating the body. Thus fat soluble Ni carbonyl, can freely cross the cell membranes most probably by ionized molecules or
through Ca channels [11]. These metals absorbed by
humans appear to be quickly excreted mainly via
urine. The biological half-life, after inhalation, is reported to be 17- 39 hours and 15-41 hours for Ni and
Cr, respectively [12]. Therefore, in many epidemiological studies carried out on occupational exposure,
the urine levels of Cr and Ni can be used as indicators to assess these two metals [13, 14].
The accumulation due to co-exposure to Cr and
Ni are substantially higher than those of the metals
alone [15]. Based on previous results, there are synergistic interactions between Cr and Ni. The synergistic effects of oxidative stress and DNA damage
caused by Ni and Cr may enhance the carcinogenicity of these metals [1]. Therefore, investigations on
the role of reactive oxygen species of Cr or Ni are
important to understand the mechanism of carcinogenicity caused by not only Cr or Ni separately but
also by the co-exposure of the two metals.

The urinary levels of 8-hydoxydeoxyguanosine (8-OHdG), which is a biomarker of oxidative
DNA damage, was measured in 117 electroplaters
co-exposed to chromium (Cr) and nickel (Ni). Non
exposed 45 office workers were used as the control
group. Additionally, urinary beta 2-microglobulin
(B2MG) and glomerular filtration rate (GFR) were
used to evaluate to effect of co-exposure to Cr and
Ni produced renal injuries in electroplaters. Correlations between urinary 8-OHdG level and levels of
Cr, Ni in urine, GFR, B2MG, socio-demographic
characteristics (e.g., age, body-weight index, duration of exposure), lifestyles (e.g., habits of smoking
and alcohol consumption) were investigated as well.
The results showed that the urinary mean levels of 8OHdG, Cr, Ni, B2MG in co-exposed workers were
significantly high than those of the control groups. A
significant correlation existed between 8-OHdG and
Ni levels, alcohol consumption and the duration of
exposure. The present study suggested that co-exposure to Cr and Ni may lead to DNA oxidative damage increasing with the duration of exposure in electroplaters. Additionally, occupational co-exposure to
Cr and Ni -known to be carcinogenic- might produce
damage in the renal through oxidative stress in electroplaters.

KEYWORDS:
Co-exposure, chromium, nickel, 8-OHdG, renal, oxidative
damage

INTRODUCTION
Cr or Ni are used extensively in modern industry to form alloys producing stainless steel, chromate
pigment plating, welding, Ni smelting and refining,
tanning (leather) and electroplating as well [1,2]. The
process of electroplating is the oxidation of metals
using electrolytes containing acid or base [3]. Electroplaters are the workers who are exposed to the
processing of Ni and/or Cr containing products [4].
Previous studies showed that electroplaters are under
serious health disorders such as acute and chronic
toxicity, neurotoxicity, dermatoxicity, genotoxicity,
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ZRUNHUV¶ VRFLR-demographic characteristics (e.g.,
age, height, weight, body-weight index, history of
present or previous disease), lifestyles (e.g., habits of
smoking and alcohol consumption), and duration of
exposure to Cr and Ni during their work (Table 1).
Electroplaters who were suffering from liver, kidney
and/or other chronic disorders (cancer, diabetes
mellitus and heart diseases) were excluded. The
study was conducted in accordance with the Declaration of Helsinki. An informed consent was obtained from all workers participating in this study.
The Ethical Committee of the Zeynep Kamil MaterQLW\DQG&KLOGUHQ¶V'LVHDVHV7UDLQLQJDQG5HVHDUFK
Hospital approved the study (Approval Number: 89,
91, Date: June 2015).

The asssessment of 8-OHdG in the urine is a
good marker to measure the reactive radical-induced
oxidative damage [5, 9, 16]. Besides, when urinary
levels of any oxidative lesion that rely on efficient
renal excretion of the damaged products increase, renal impairment can also affect urinary 8-OHdG levels [17]. 7KH GHWHUPLQDWLRQ RI ȕ PLFURJOREXOLQ
(B2M) level of the tubular dysfunction and the glomerular filtration rate (GFR) to evaluate the glomerular function have also been reported to be useful criteria in detecting heavy metals [4, 18].
Although previous studies investigated the
toxic effects induced by Cr or Ni, few were focused
on co-exposure of Cr and Ni. For this reason, more
studies are needed to research the co-exposure oxidative stress and the possible kidney effects induced
by these two metals. The aim of this study is to determine possible correlation between 8-OHdG and
Cr, Ni levels in urine, the indication of B2MG and
GFR as renal damage and the lifestyles of the electroplaters in Turkey.

Urine collection. The spot urine samples (5
mL, each) were collected at the end of the shift. Levels of urine Cr and Ni were measured using graphite
atomic absorption spectrophotometry (GFAAS-Shimadzu AA-630, Shimadzu, Tokyo, Japan) according
to the Association of Official Analytical Chemists
(AOAC) methods. Cr and Ni hollow cathode lamps
were applied at a spectral width of 0.5 nm, which
were selected to isolate the 429 nm and 232 nm, respectively.

MATERIALS AND METHODS
Study groups. This cross-sectional study was
conducted on electroplaters from five different metal
factories in Istanbul, Turkey. The participants were
162 workers, comprising 117 electroplating workers
co-exposed to Cr-Ni and 45 control subjects who
were office workers not occupationally exposed to
Cr or Ni. The urine samples were collected at the end
of the shift. A questionnaire were requested to be
filled in during face to face interviews, included the

Determination of renal function; B2MG,
GFR. Spot urine samples were separately collected
in polypropylene vessels. The urinary pH was set to
between 6-8, by using 1 M NaOH and the levels of
B2MG in urine were measured by chemiluminescent
immunoassay (CLIA method-Kit No: LSF25978) by
Siemens Immulite 20000 XPI).

TABLE 1
Socio-demographic characteristics, level of 8-OHdG, Cr, Ni in urine, GFR, B2MG value in electroplaters
and control groups
Variables
Age (year)
Body Mass Index (BMI) (kg/m2)
Duration of exposure
1-9 year
>10 year
Smoking status
Current smoker
Former
Packet (>1 packet)
Long term smoking (>5
years)
Alcohol consumption
Yes (one day per week)
8-OhdG (μg g-1 crea)
Urine Cr (μg g-1 crea)
Urine Ni (μg g-1 crea)
GFR (mL min-1)
B2MG (ng mL-1)

Exposed (n=117)
Mean±SD
34.87±9.1
25.7±43.7
7.99±2*
10.13±7.8*

Control (45)
Mean±SD
35.8±11
27.1±4
-

54.28 %
4%
18.32±8.4

20%
1%
16.97±9

14.62±2

12.21±6.8

21.42%*
8.1±46.9
0.74±0.53
1.05 ±0.89
126±36.52
52.39±56.15

5%*
4.82±3*
0.34±0.18*
0.78±0.10*
140.82±16.69
38.69±47.14*

* p <0.05, Data are presented as n (%) or; SD:Standart deviation.
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TABLE 2
Prevalence of the urinary 8-OHdG levels in electroplaters from other countries
Electroplater/
8-OHdG levels
Sectors
Country
References
Control
Electroplater/Control
4.65±2.38 pmol/cre (in urine)
Cr plating
Taiwan
48/19
[24]
4.34±1.08 pmol/cre (in urine)
7.2±1.9 residue/104 dG (in blood)
[26]
Cr pigment
Korean
22/16
7.0±2.3 residue/104 dG (in blood)
7.8±2.1 μg/g crea (in urine)
Cr plating
Taiwan
105/125
[23]
4.1±2.1 μg/g crea (in urine)
[5]
Cr plating
Indonesia
37/27
22.83 ng/mL (in urine)
Cr plating
China
157/93
13.65 μg/g crea (in urine)
[4]
0.168±0.025 μg/L (in serum)
Ni Smelting
China
140 /140
[28]
0.145±0.014 μg/L (in serum)
43.76±3489 μg/g cre (in urine)
[13]
Cr plating
China
84/30
27.21±1376 μg/g cre (in urine)

Serum creatinine was used also for accessing
the GFR function. Serum samples were separated
from the blood by centrifugation at 3000 rpm for 10
minutes and then preserved at -20 0C until they were
analyzed. Creatinine levels in urine and serum were
measured using photometric assay (Abbott Architect
C 800 Analyzer). Urinary creatinine levels were used
for evaluating the urinary 8-OHdG levels.

RESULTS AND DISCUSSION
The plating process of Cr with Ni is important
in metal industry [19]. Some authors reported that
toxic effects of in vivo and in vitro exposures to Cr
and Ni were higher than those of co-exposures to two
metals separately [3, 15, 20]. This indicates the existence of synergistic interactions affecting the oxidative stress [14, 21]. Few studies were focused on
toxic effects caused by occupationally co-exposure
to these two metals.
In this study 117 electroplaters (living in Istanbul-Turkey) from five different metal factories were
subjected in terms of occupational co-existence of Cr
and Ni. For this reason this is the first study in literature on oxidative damage caused by co-exposed to
Cr and Ni in electroplaters. As it was shown in Table
1, Cr was higher in the co-exposed group compared
to the control group (0.70±0.75-0.34±0.18; p<0.05).
The demographic information of electroplaters and
the control groups were presented in Table 1. As
seen in the Table, subjected individuals were at the
average age of 34.87±9.1 and 35.8±11 for the electroplaters and the control group, respectively. In this
study, increased Cr and Ni levels were found in elderly electroplaters correlated positively with the duration of exposure (r=0.340, p<0.05). Persoons et al.
[22] showed that the elderly workers were associated
with higher urinary Cr and Ni as 0.43 and 1.69 μg/g
crea, respectively. The influence of electroplating,
duration of exposure and age on the levels of Cr and
Ni may be explained by a less frequent use of respiratory protective equipment.
The measurement of urinary 8-OHdG was used
as biomarker of oxidative DNA damage [3]. Studies
reported from different countries (Table 2) showed
that the urinary 8-OHdG level was high in electroplaters compared to the control group. Our data (exposed
group;8.1±46.9
μg/g
cre;
control
group:4.82±3 μg/g cre, p<0.05) were similar to the
results of Pan et al. [23]. The prevalence of high urinary 8-OHdG levels in electroplaters of some

Determination of urinary 8-OHdG assay.
Urine samples collected from electroplaters were
preserved at -20 oC until they were analyzed. The
urine samples were centrifuged for 15 min at
2000xg. 50 μL of the supernatant was used for the
determination of 8-OHdG with a commercial enzyme-linked immunosorbent assay in terms of manufacturer
instructions
(Cayman
Chemical,
DNA/RNA Oxidative Damage ELISA Kit,
No:589320). The absorbance was measured using a
computer-controlled spectrophotometric plate reader
(Thermo Scientific Multiskan Go UV/Vis Microplate and Cuvette Spectrophotometer) at 450 nm.
The urinary level of 8-OHdG was corrected by using
urinary creatinine levels and expressed as μg 8OHdG/g creatinine (crea).
Statistical analysis. All data were performed
using the Statistical Software Package (IBM SPSS
20). Comparative studies were carried out between
electroplaters and the control group in terms of urine
Cr and Ni levels, using the Mann±Whitney U test.
Levels of Cr and Ni in urine were presented as geometric mean and standard deviation (GM±SD).
3HUDVRQ¶VFRUUHODWLRQZDVXVHGWRDVVHVVWKHFRUUHOD
tion between urinary 8-OHdG and Cr, Ni, GFR,
B2MG in urine and demographic variables (age,
BMI, duration of exposure, smoking, alcohol consumption). p <0.05 was considered to be significant.
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[5].

countries namely Far Eastern was shown in Table 2.
The urinary 8-OHdG levels are higher than our result.
Although some researches showed increase in
urinary 8-OHdG levels correlated with Cr [5,23, 24],
but others on contrary commented the opposite [4,
25, 26]. This occupational co-exposure to Cr and Ni
study is subjected for the first time in the literature
and a significant correlation is found between Ni and
8-OHdG levels in electroplaters (r=234, p=0.05).
This difference in findings can be explained by the
measurement methods of urinary 8-OHdG and/or
co-exposure to Cr and Ni.

B2MG is filtered by the glomeruli and reabsorbed by the proximal tubular cells therefore, increased urinary excretion is a sign of decreased tubular reabsorption and damage of tubular structures
[29]. B2MG concentration of electrolaters was
higher than that of the control group and GFR was
lower than that of the control group in this study.
Similar findings were reported in Cr plating, [30, 31]
which indicated that an accumulated absorption of
the two metals might lead to tubular renal dysfuncWLRQ$GGLWLRQDOO\ZHGLGQ¶WILQGDVLJQLILFDQWFRUUH
lation between 8-OHdG and B2MG concentration
and GFR. This correlation was studied for the first
time, as well.
In conclusion, the electroplaters co-exposed to
Cr and Ni were at a higher risk of chronic diseases
correlated with the duration of exposure. Therefore
personal protection must be taken into consideration.
Additionally more research related to renal damage
is needed to prove the toxicity caused by co-exposure to these two metals, known to be carcinogenic.
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Some other studies reported that the urinary 8OHdG levels were influenced by the duration of exposure, age, BMI, smoking, alcohol consumption,
health status and nutrition [24, 27]. A significant correlation was found between the urinary 8-OHdG levels and the duration to exposure of electroplaters
(r=0.208, p<0.05). The scatter plot of the urinary 8OHdG levels vs. the duration of exposure in electroplaters was given in Fig. 1. Results indicate that the
experienced electroplaters co-exposed to Cr and Ni
were under the risk of induced oxidative damage.
Additionally, our data indicated an increase in the
urinary 8-OHdG level occured after 5-15 years of occupational exposures. Wu et al. [28] reported DNA
damage, increased with the duration of exposing
peaks in 10-14 years. This was the most serious duration of oxidative DNA damage in electroplaters.
Previous results obtained from studies revealed significant correlations between smoking and urinary 8OHdG level in which urinary 8-OHdG reflected oxidative damage in lung tissue due to smoking [4, 24].
However, in our studies no significant correlation
between smoking and 8-OHdG levels were found,
this may be explained by the grade of the cigarette
filters and/or differences in the quality of cigarettes
used. A significant correlation was found between
urinary 8-OHdG and alcohol consumption
(p=0.018). These results were consistent with other
previous reports [5, 24]. Alcohol increases the production of free radicals such as superoxide anion and
hydroxyl radicals, causing oxidative DNA damage
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nomenon of plant composition and distribution,
community succession, and biological invasion in
the ecosystem, and has broad application prospects
[3-5]. At present, allelopathy has become a hot topic at home and abroad. Domestic and foreign
scholars have studied the effects of plants such as
Xanthium sibiricum Patr[6], Peganum multisectum[7], Mikania micrantha Kunth[8], and Crofton
Weed[9-10]. The role was studied in depth.
Sagittaria graminea is a perennial aquatic plant
of the genus Alias, native to North America, classified by the US Department of Agriculture as a Class
B weed, and has become a naturalized species in
Australia. It is a new record of exotic species in
East Asia. Currently, it is only distributed on the
outskirts of China's Yalu River Estuary Wetland
National Nature Reserve and on the riverside wetland along the Yalu River. In recent years, studies
have been conducted on its distribution, reproductive biology characteristics, etc. [11-12], and studies
on the allelopathy of Sagittaria trifolia have rarely
been reported [13].
In order to understand the allelopathic potential of soil catkins, this study used an in-house assay to study the allelopathy of water extracts from
Sagittaria trifolia on cucumbers, oats, and peas in
recipient plants in order to further explore the
mechanism of biological invasion and further research. Ye Xigu's rational use and comprehensive
prevention provide experimental basis.

ABSTRACT
The allelopathy of Sagittaria graminea aqueous extract on the recipient plants Cucumis sativus
Linn, Avena sativa, and Pisum sativum L. was
studied by bioassay. The results showed that Sagittaria graminea aqueous extract had allelopathic
inhibitory effects on the germination rate, germination potential and seed vigor of the seeds of the
three plants within the scope of the test, while the
growth performance of the seedlings of Avena sativa was ³ORZDQGKLJK´3KHQRPHQRQWKDWZKHQWKH
concentration of the extract solution was 0.025
g/mL, the extract had an effect on the seedling
height of Avena sativa, and the root length and
seedling height of other herbages were all inhibited
to varying degrees, and the allelopathic inhibitory
effect was observed. Increases with the concentration of the solution. Sagittaria graminea aqueous
extract had the strongest allelopathic inhibitory
effect on Cucumis sativus Linn. The comprehensive
effect values of Cucumis sativus Linn reached 100
with 0.075 g/mL and 0.1 g/mL Sagittaria graminea
extracts.

KEYWORDS:
Sagittaria graminea, Allelopathic Effects, Seed Germination, Seedling Growth

INTRODUCTION
MATERIALS AND METHODS
Allelopathy refers to the interaction between
plants. The expression of allelopathic effects requires media. This medium is called allelochemicals. Allelochemicals are generally introduced into
the earth's surface or soil through rainwater leaching, leaching, volatilization, and root decomposition. Allelopathy, when allelochemicals in soil accumulate to a certain extent, will produce allelopathic effects on other plants, manifested as promoting or inhibiting the germination and growth of
other plants [1-2]. In-depth study of allelopathic
effects will help explain more reasonably the phe-

Test materials. Sagittaria graminea, an allelopathy receptor plant seeds are cucumber, oats, pea
seeds, purchased in Changchun City Seed Wholesale Station.
Sagittaria graminea fresh plants were harvested from the Yalujiang Wetland of Dandong, Liaoning Province on July 4, 2016. After harvesting,
they were washed and dried for use. Cucumis sativus Linn, Avena sativa, Pisum sativum L. seeds
are all commercially available.
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strength of the allelopathic effect.
Root length of seedlings: Ten roots of similar
growth were selected from each petri dish for
measuring root length (if the number of seed germination was less than 10, the number of measurements was determined based on plant growth). The
seeds of the recipient have more roots, and the total
length of the root should be measured.
Seedling seedling height: Ten seedlings of
similar growth were selected from each petri dish to
measure seedling height (if the number of seed
germination was less than 10, the number of measurements was determined based on plant growth).
Simple vigor index = seed germination rate × fresh
seedling quality (g)
Percentage
of
control
inhibition
=
(1-treatment/control) × 100%

Research methods. Preparation of extract.
Select the air-dried and well-developed Sagittaria
stejnegeri specimens, cut them with scissors, weigh
55g, add 550mL of distilled water and soak for 48h
at room temperature, oscillate during the period,
and then filter with two layers of gauze to obtain a
mass concentration of 0.1 g/mL. The extracts were
diluted and then diluted to an extract with a mass
concentration of 0.075, 0.05, and 0.025 g/mL.
Allelopathy. Distilled water was used as a
control. The mass concentrations of the extracts
were 0.1 g/mL, 0.075 g/mL, 0.05 g/mL, and 0.025
g/mL, respectively, and 10 mL of different concentrations of alfalfa were added to the culture dish
(d=9 cm). Sagittaria aqueous extract, shake and
cover with 3 layers of filter paper, put 30 seeds of
the recipient plant seeds in each petri dish, repeat 3
times, and put it into the incubator. The number of
germinations of each treated seed was recorded
every 12 hours on the first 3 days, and the number
of germinations of each treated seed was recorded
every 24 hours after 3 days until the number of seed
germinations did not change for 3 consecutive days.
The number of seed germination seeds was counted,
and the root length was measured. Seedling height
and the fresh weight of underground and aboveground parts.

Data processing. SPSS Software is used for
statistical analysis of data.

RESULTS AND DISCUSSION
Effects of water extracts from Sagittaria
sagittatum on seed germination of three plants.
Effect on seed germination. The results are shown
in Figure 1. The inhibitory effect of water extracts
of Sagittaria sagitquaflorum L. seedlings with different concentrations on the germination rate of
Pisum sativum L. seed was not significant. Pisum
sativum L. seed germination rate reached 100% in
the control group with distilled water as the culture
solution. In the highest concentration of 0.1% Sagittatum aqueous extract, the germination rate
reached 95.56%, and the maximum germination
rate was less than 5%. The germination rate of Pisum sativum L. seeds under different treatments
had no significant difference from the control group

Statistics. Germination rate (%) = (total number of germinated seeds / total number of test seeds)
× 100%
Fertility potential (%) = (total number of germinated seeds per day/total number of test seeds) × 100%
Allelopathy sensitivity index (RI): RI=1-C/T,
where: C is the control value and T is the treatment
value. RI indicates the intensity of allelopathic effects. A positive value indicates a promoting effect,
and a negative value indicates a suppressing effect.
The magnitude of the absolute value reflects the

FIGURE 1
Effect of water extracts from Sagittaria sagittatum with different concentrations on the germination rate
of three plants
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0.075 g/mL and 0.1 g/mL of Sagittaria indigo.
Germination potential is 8.89%. The seed germination potential of Cucumis sativus Linn and Avena
sativa at different concentrations was significantly
different from that of the control group (P<0.05).
Consistent with the germination rate result. The
germination power of Pisum sativum L. seeds at
0.05 g/mL and 0.075 g/mL Sagittaria chinensis water infusion was 54.44% and 46.67%, respectively,
with no significant difference (P>0.05). Ye Zigu's
germination potential at the water infusion significantly decreased, being only 23.33%. Pisum sativum L. seed germination rate was slower in Sagittatum aqueous extracts treated with different concentrations.

(P>0.05). However, different concentrations of
Sagittatum aqueous extracts had strong inhibitory
effects on the germination rate of two Cucumis
sativus Linn and Avena sativa receptor plants. The
germination rates of the two receptor plants were
inhibited to different extents, and the Cucumis sativus Linn was affected. Saxifrage water extract had
the strongest effect. Cucumis sativus Linn seed
treated with each concentration only germinated at
a low concentration of 0.05 g/mL and 0.025 g/mL
aqueous extract, and the germination rates were
5.56% and 10 respectively. %, significantly different from control (P<0.05). No germination was
observed at a concentration of 0.075 g/mL and 0.1
g/mL. Followed by Avena sativa seeds, the germination rate was 15.56% at the highest concentration
of 0.1 g/mL Sagittatum aqueous extract, a decrease
of 26.66% compared with the control group. The
germination rate of seeds treated with different
concentrations was significantly different from that
of the control group (P<0.05).

Effect of Allelopathy Index on Seed Germination Rate. Allelopathy index (RI) is an important index to measure allelopathy [13]. The results are shown in Fig. 3. The allelopathic effects of
water extracts of Sagittaria trifolia of different concentrations on the seed germination rate of the three
plants were all negative. Therefore, the allelopathic
effects of Sagittaria trifoliata were inhibited. At the
highest concentration of 0.1 g/mL, Sagittatum
aqueous extract had the strongest inhibitory effect
on the three crops. The allelopathic effect index of
Pisum sativum L. seeds in water extracts of Sagittaria sagittatum at different concentrations ranged
from -0.05 to -0.01. The allelopathy effect index of
Avena sativa seeds in water extracts of Sagittaria
sagittatum with different concentrations ranged
from -1.71 to -0.58. On the other hand, Safflower
water extract had the strongest allelopathic inhibitory effect on Cucumis sativus Linn seeds. The allelopathic effect index at the concentration of 0.025
g/mL Safflower water extract was -2.11, and the
concentration was 0.05 g. The allelopathic effect
index of the water extract of Sagittaria sagittifolia
was -4.60.

Effect on seed germination potential. The
germination potential is the percentage of seeds that
normally germinate in the initial period of the germination test and the total number of seeds tested.
It is an important index to measure the germination
rate and seed vigor of seeds [12]. The results are
shown in Fig. 2. The germination power of seeds of
Cucumis sativus Linn and Avena sativa at the concentration of 0.025 g/mL was significantly reduced,
and the germination potential of Pisum sativum L.
seed was not significantly changed. The germination power of Cucumis sativus Linn seeds at 0.025
g/mL and 0.05 g/mL Sagittatum aqueous infusions
was 2.22% and 1.11%, respectively, while at the
concentration of 0.075 g/mL and 0.1 g/mL Sagittaria trifolii There was no germination in the aqueous extract. The germination power of Avena sativa
seed at both 0.025 g/mL and 0.05 g/mL Safflower
water infusion was 10% at the concentration of

FIGURE 2
Effect of water extracts of Sagittaria trifolia in different concentrations on the germination
potential of three plants
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FIGURE 3
Effect of water extracts from Sagittaria sagittatum with different concentrations on the
allelopathic effect index of three plants
TABLE 1
Effects of water extracts from Sagittaria sagittatum at different concentrations on root
length of plant seedlings
Aqueous concentration /
( g/mL)

Pisum sativum L.
root length /cm

Avena sativa
root length /cm

Cucumis sativus Linn
root length /cm

H2O
0.025
0.05
0.075
0.1

6.00±0.25b
4.61±0.32a
4.11±0.20a
3.96±0.21a
2.98±0.14a

26.91±0.30e
20.31±0.49d
15.00±0.37c
10.54±0.36b
5.08±0.26a

61.90±1.60c
25.00±1.56b
7.00±0.91a

Note: Different lowercase letters in each column indicate a significant difference at the 5% level, the same below.

tinued to increase, The inhibitory effect of Sagittaria sagittifolia on the seedling height of plant seedlings is increasing. The seedling height of Pisum
sativum L. seedlings was not significantly different
from that of the control group when treated with a
0.025 g/mL Sagittatum aqueous solution (P>0.05).
There was no significant difference in 0.05 g/mL,
0.075 g/mL, and 0.1 g/mL aqueous infusions
(P>0.05), but there was a significant difference
from the control group (P<0.05). There was no significant difference in the seedling height of Avena
sativa seedlings treated with aqueous extracts of
0.025 g/mL and 0.05 g/mL compared with the control group (P>0.05), but 0.025 g/mL Sagittatum
aqueous extracts promoted Avena. The seedling
height of sativa seedlings was not significantly different under the treatment of 0.075 g/mL and 0.1
g/mL aqueous infusions (P>0.05), but there was a
significant difference from the control group
(P<0.05). The seedling height of Cucumis sativus
Linn seedlings was not significantly different from
that of the control group under different concentrations of aqueous extract (P>0.05).

Effects of Safflower Extract on the Growth
of Seedlings of Three Crops. Effect on seedling
root length. The results are shown in Table 1.
Compared with the control group, 4 different concentrations of Sagittatum aqueous extracts had inhibitory effects on the growth of three different
plant roots. With the constant increase of the concentration of the aqueous extract, the growth inhibitory effect of Sagittaria camphora on plant roots
has been continuously enhanced. Among them, the
inhibition of Cucumis sativus Linn was the strongest. Root lengths of Avena sativa and Cucumis sativus Linn were significantly different at different
concentrations (P<0.05). The root length of Pisum
sativum L. was not significantly different (P>0.05),
but it was significantly different from that of the
control group (P<0.05).
Impact on seedling height. The results are
shown in Table 2. Compared to the control group, 4
different concentrations of Sagittatum aqueous extract had inhibitory effects on seedling height of
Pisum sativum L. and Cucumis sativus Linn seedlings. As the concentration of water extracts con-
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TABLE 2
Effect of water extracts from Sagittaria sagittatum with different concentrations on seedling
height of plant seedlings
Aqueous
g/mL
H2O
0.025
0.05
0.075
0.1

concentration

/

Pisum sativum L.
seed height/cm

Avena sativa
seed height/cm

Cucumis sativus Linn
seed height/cm

2.69±0.16b
2.42±0.17b
1.98±0.08a
1.81±0.12a
1.04±0.09a

8.72±0.37b
10.80±0.56b
7.86±0.44b
5.18±0.49a
4.05±0.41a

4.58±0.16a
4.51±0.41a
3.80±0.53a
-

TABLE 3
Effect of water extracts from Sagittaria sagittatum with different concentrations on plant seed vitality
Aqueous concentration / Pisum sativum L. Seed Avena sativa Seed Cucumis
sativus
g/mL
vitality
vitality
Linn Seed vitality
H 2O
10.21e
3.49±0.09b
4.77±0.95b
0.025
9.56±0.11d
2.55±0.64b
1.18a
0.05
6.68±0.08c
1.37±0.14a
0.56±0.30a
0.075
5.08±0.12b
1.01±0.07a
0c
0.1
3.76±0.12a
0.58±0.15a
0c
TABLE 4
Effect of water extracts from Sagittaria sagittatum with different concentrations on SE
Aqueous concentration/ g/mL
Pisum sativum L. Avena sativa SE /%
Cucumis sativus
SE/%
Linn SE/%
H2O
0.025
21ˊ00
9ˊ00
45ˊ00
0.05
23ˊ00
38ˊ00
64ˊ00
0.075
39ˊ00
58ˊ00
100.00
0.1
58ˊ00
73ˊ00
100.00
centrations of Sagittaria indigotica water extract on
Pisum sativum L., Avena sativa, and Cucumis sativus Linn. The seed vigor, seedling height, and root
length of the plant all had inhibitory effects, and the
allelopathic inhibitory effect continued to increase
as the solution concentration increased. Among
them, Cucumis sativus Linn had the strongest inhibitory effect, and the value of SE was 100 under
the treatment of 0.075 g/mL and 0.1 g/mL Sagittatum.
This experiment mainly studied the allelopathic effects of the exotic species Sagittaria campestris on the native species Pisum sativum L., Avena sativa, and Cucumis sativus Linn. The results
showed that Sagittatum aqueous extract had inhibitory effect on seed germination and seedling growth
of different species of plants, but different species
of plants had different sensitivity to Sagittaria sagitta allelopathy, which may be related to different
species evolutionary history. In this experiment,
Sagittaria sagittifolia had no obvious inhibitory
effect on the germination rate of Pisum sativum L.
seed, but it significantly reduced the germination
potential of Pisum sativum L. seed and enabled the
Pisum sativum L. seed to undergo different concentrations of flooding. After germination, the germi-

Effect on plant seed vigor. The results are
shown in Table 3. Compared to the control group, 4
different concentrations of Sagittatum aqueous extract had inhibitory effects on the seed vigor of Pisum sativum L., Avena sativa and Cucumis sativus
Linn, with the rising concentration of the aqueous
extract. High, the inhibitory effect continues to increase. The seed vigor of Avena sativa was not significantly different from that of the control group in
the treatment of 0.025 g/mL Sagittatum aqueous
extract (P>0.05). There was no significant difference in 0.05 g/mL, 0.075 g/mL, and 0.1 g/mL
aqueous infusions (P>0.05), but there was a significant difference from the control group (P<0.05).
The seed vigor of Cucumis sativus Linn had no
significant difference under the treatment of 0.025
g/mL and 0.05 g/mL aqueous infusion (P>0.05),
and there was significant difference between the
two groups (P<0.05). The seed vigor of Pisum sativum L. increased significantly with the increase of
concentration (P>0.05), and the difference between
treatments was significant.
Comprehensive Effects on Plant Impact
(SE). The results are shown in Table 4. It was found
from the comprehensive effects of 4 different con-

6841

© by PSP

Volume 27 ± No. 10/2018 pages 6837-6843

Fresenius Environmental Bulletin

CONCLUSION

nation time was prolonged and the emergence was
delayed, and this inhibition effect was continuously
enhanced with the increase of Sagittatum aqueous
extract concentration. At the same time, the inhibitory effect of Sagittaria sagittifolia on the seed germination of Avena sativa and Cucumis sativus Linn
was significant, which is consistent with the results
of Nascimento Fernandes et al. [14].
Sagittaria sagittifolia inhibited the growth of
roots of the recipient plants, and its inhibitory intensity was significantly stronger than that of the
upper part of the seedlings. With the continuous
increase in the concentration of the aqueous extract,
the roots of the recipient plant seedlings appear to
grow slowly, and some of them even stop growing,
and the roots turn yellow-brown. Sagittaria sagittifolia also inhibited the seedling height of the recipient plants, but Sagittatum aqueous extract at a
concentration of 0.025 g/mL promoted the growth
of seedlings of Avena sativa seedlings. The concentration of 0.05 g/mL aqueous extract and the The
aqueous extract of 0.025 g/mL played a role in
promoting the seed vigor of Pisum sativum L. This
is consistent with the results of Gong et al. [15].
The Sagittaria trifoliata has obvious allelopathy potential for the plants growing around it. As an
exotic plant, we did not find it spreading in the
ditches, rice fields, and ponds around the Yalu River in our country, but in its growing location in
North America, Ye Xigu grows and spreads in rivers and ditches, hinders smooth water flow, increases the probability of occurrence of floods, and
is likely to invade China's relevant regions in the
future. Therefore, the analysis of effective components of allelopathic effects and timely development of the invasive species is very important.
Necessary [16].
The water extract used in this experiment was
only the crude extract of Sagittaria trifolii. The
purpose was to collect the allelochemicals of Sagittaria trifolii. This is an important part of the study
of allelopathy. The plant allelochemicals that have
been discovered so far include secondary biomass
such as phenols, nitrogen compounds, and polyacetylene, among which phenolic compounds are
important water-soluble allelochemicals. In the
experiment, we used the solvent extraction method,
but the specific components of the allelochemicals
and their effects on seed germination and seedling
growth still need to be further studied.
In addition, the allelopathy mechanism of
plants is very complicated, and the laboratory can
assess whether a plant has the allelopathic potential,
but it is difficult to simulate the real situation in the
natural world, and whether the observed allelopathic effect can still be expressed in nature Further
experimental studies [17-19].

(1) The water extracts of Sagittaria sagittifolia
showed inhibitory effects on the allelopathic effects
of three receptor plants, but the inhibitory effect on
the germination rate of Pisum sativum L. seed was
not significant.
(2) Sagittatum aqueous extract had inhibitory
effects on seed vigor, seedling height, and root
length of all three plants. Allelochemical inhibition
increased with increasing solution concentration,
and allelopathic inhibition of Cucumis sativus Linn
was observed. The strongest role.
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contaminant affecting the microbial communities,
DQG Ȗ-HCH being the main toxic ingredient of
HCHs. This paper provides a relatively scientific basis for the protection and ecological restoration of the
ecosystem in the riparian zone of Liaohe River Conservation Area has been proposed through the correlation analysis of the distribution characteristics of
OCPs and the diversity index, richness index and
evenness index of soil microbial communities in the
riparian zone of Liaohe River Conservation Area.

ABSTRACT
In order to research the influence of the distribution characteristics of OCPs (organo-chlorine pesticides) in the riparian soil of Liaohe River Conservation Area on the diversity of soil microbial communities, 17 cross-section surface soil samples in the
riparian zone from upper, middle, and lower reaches
of the main stream of Liaohe River in the normal
flow period and the high flow period of 2013 were
collected to measure the contents of OCPs in soil at
different sites via the accelerated solvent extraction,
silica gel and alumina chromatographic column purification and gas chromatography-mass spectrometry (GC-MS) analysis. The results show that OCPs
in the riparian soil of Liaohe River Conservation
Area are mainly HCHs and DDTs, with the pesticide
content of DDTs slightly higher than that of HCHs;
the contents of DDTs and HCHs are higher in the
high flow period than that in the normal flow period,
with the average contents being 0.00096 mg/kg and
PJNJ UHVSHFWLYHO\ Ȗ-HCH content in
HCHs is the highHVWDQGȕ-HCH content in HCHs the
lowest, suggesting that the existing HCHs in the riparian soil is not caused by previous pesticide residues.
The ratio of (DDE+DDD)/DDTs is larger than
0.5, suggesting that DDTs have been used in the riparian soil of Liaohe River Conservation Area for a
relatively long time; the diversity index of soil microbial communities (H), richness index (R) and
evenness index (J) calculated with DGGE image
show that diversity index of soil microbial communities (H), richness index (R) and evenness index (J)
of soil at all sampling sites in the riparian zone of
Liaohe River Conservation Area are different. For
the microbial diversity index in soil from upper to
lower reaches fluctuates, with the soil microbial diversity indexes in upper and middle reaches and
lower reaches higher than that in middle and lower
reaches. According to a comparative analysis of soil
samples in the riparian zone of Liaohe River Conservation Area, HCHs is significantly related to microbial community diversity, with HCHs being the main

KEYWORDS:
Liaohe River Conservation Area, Riparian Zone, OCPs
(Organo-Chlorine Pesticides), Microbial Community Diversity, Correlation Analysis

INTRODUCTION
The riparian zone, as a typical ecotone, is a hub
that connects the aquatic ecosystem and the terrestrial ecosystem [1]. With its special habitat conditions, the riparian zone plays a very important role in
water conservation, flood storage and drought control, maintaining biodiversity, ecological balance
and so on; it also serves as a natural protection barrier of the river and an important part and evaluation
symbol of the healthy river ecosystem [2]. The
changes of habitat conditions in the riparian zone
will cause a series of changes in the river ecosystem,
while the soil is an important factor reflecting the
change in the riparian zone changes ; the soil microbes are an important part of the riparian soil, serving as a biomarker to characterize the ecological status of rivers [3]; soil microbes play a great role in
material circulation and energy flow, and the population diversity of soil microbes has been the focus
of microbial ecology and environmental study,
which plays an important role in biogeochemical cycles, such as decomposition of soil organic matters,
nutrient releasing and energy transfer. OCPs, represented by DDTs and HCHs, have been widely used
in 1980s. Easily accumulated, hard degraded and
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between 100 km2 and 1,000 km2[6].

highly toxic, OCPs can generate a continuous impact
on the ecosystem.
The research on riparian soil microbial communities plays an important role in maintaining the
function and securing the recovery of the riparian
zone. At present, scholars in China and other countries have discussed the function, reparation and reconstruction of riparian zones, and studied the land
use in the riparian zone, the biogeochemical processes of riparian ecosystem (C, N, P), dynamic
characteristics and other aspects [4-9], while little research has been done on the correlation analysis of
OCPs and diversity index, richness index, evenness
index of soil microbial communities. Liaohe River
Conservation Area has been chosen as the research
area in this paper to study ecological risks caused by
OCPs in the riparian soil of Liaohe River Conservation Area, to carry out the correlation analysis of
OCPs and microbial diversity, richness, evenness of
the riparian soil of Liaohe River Conservation Area,
and to study the effect of pesticide pollution on microbial community diversity. The correlation analysis of OCPs in the riparian soil of Liaohe River Conservation Area and diversity index, richness index,
evenness index of microbial community is expected
to reveal the spatial variation rules of OCPs in the
upper and middle and lower reaches in the riparian
zone of Liaohe River Conservation Area, search into
the effect of OPCs represented by DDTs and HCHs
on soil microbial community diversity, and provide
a scientific basis for the protection and ecological
restoration of the ecosystem in the riparian zone of
Liaohe River Conservation Area.

Setting of sampling sites. In order to clarify
the diversity characteristics of soil microbial community structure in the riparian zone of Liaohe River
Conservation Area, a total of 17 soil sampling sites
have been set in the upper, middle, and lower reaches
of the riparian zone along the area according to hydrogeological characteristics and human activities
around. 7 sampling sites are set at the upper reach,
including Fudedian (L1), Sanhexiala (L2),
Tongjiang River Estuary (L3), Harbin-Dalian HighSpeed Railway (L4), Shuangan Bridge (L5), Cainiu
(L6), Fanhe River Estuary (L7); 7 sampling sites at
the middle reach, including Stone Buddha Temple
Reservoir (L8), Mahushan Mountain (L9), Juliu
River (L10), Yubao River (L11), Manduhu (L12),
Hongmiaozi (L13), Daniu (L14); and 5 sampling
sites at the down reach, including Dazhang Bridge
(L15), Panshanzha (L16), Dawn Bridge (L17). Refer
to Figure 1 for the distribution of sampling sites.
Sampling method, classification and identification. (1) Collection of soil samples. The sampling was carried out in July, 2015 via quincunx
sampling method at a distance of 10m-20m from the
bank and at a depth ranging from 0m-20cm. The
sampling procedures shall be as follows: mix the 5
samples equally taken from each sampling site, then
take one sample via quartering method from the
mixed samples, and put it into the aseptic plastic bag
after marking it. Remove plant roots, debris and
other foreign bodies in the soil sample, screen it with
2mm sieve, then equally divide it into 2 pieces, with
one placed in the refrigerator at -20°C for soil DNA
extraction, and the other used for determining soil
physicochemical properties.

EXPERIMENT
Profile of the Research Area and Research
Methods. Profile of the research area. Liaohe
River Conservation Area, a long and narrow area set
close to the main stream of Liaohe River, starts from
the Fudedian Town, Changtu County, Tieling City,
where East and West Liaohe River meet. With a total
area of 1,869.2km2, it extends 538 kilometers while
flowing through Tieling, Shenyang, Anshan, Panjin
to Liaodong Gulf. The scope of this area lies between
ODWLWXGHV ƍ DQG  ƍ1 DQG ORQJLWXGHV
ƍƎ DQG ƍ( 7KH &RQVHUYDWLRQ $UHD
features a temperate semi-humid continental monsoon climate, with the annual average temperature
ranging from 4C to 9C, the amount of precipitation
ranging from 600mm to 700mm, and the main soil
types mainly include brown soil, wind sandy soil and
peat swampy soil. There are in total 36 branches in
Liaohe River Conservation Area, including 22 first
level draining branches with a drainage area exceeding 100 km2, namely, 4 large branches with a drainage area more than 5,000 km2, 7 medium branches
with a drainage area between 1,000 km2 and 5,000
km2, and 11 small branches with a drainage area

(2) Sample analysis and test. Extraction of biological DNA shall be carried out by applying
E.Z.N. ATM Soil DNA Kit Omega method, with the
detailed procedures as below: take 0.5g soil samples,
extract the total DNA from the soil sample in accordance with the steps described in the Kit, and detect
the extracted total DNA by applying 1% AGE (agarose gel electrophoresis). For 2PCR - DGGE primer
sequential reaction system and reaction conditions,
the amplified region of this test is V3 region of bacteria 16 SrDNA, with the upstream primer P1 being
GC-338f and the downstream primer P2 being 518R,
carrying out direct PCR amplification of the total
DNA.
(3) DGGE (denaturing gradient gel electrophoresis). Through several times of optimization
operations and tests, the determined basic conditions
for this DGGE test shall be: the gradient range of denaturant: 35%-65% for 7.5h of electrophoresis at
150V, with details as below: mix PCR products and
loading buffer in proportion of 1:1, then add 50L
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FIGURE 1
Sampling sites of riparian soils from Liaohe river conservation area

RESULTS AND DISCUSSIONS

mixed samples into each gel pores via a microinjector, power on, turn on the heating power supply and
water pump power supply, let the sample be subject
to electrophoresis in buffer solution at 60Ԩ and
150V for 7.0h, and after the electrophoresis treatment, remove the gel from 1XTAE buffer solution,
and place the gel into 1×TAE buffer solution mixed
with little EB for dyeing for 30 min. Then place the
dyed gel on the sample stage of gel imaging system,
and finally observe the electrophoresis strip illumination and distribution on DGGE spectrum via BioRa on "Quantity one" software, and photograph it for
subsequent digital processing, analysis and evaluation of diversity index and richness of microbial
communities in different samples.

Distribution characteristics of OCPs in the
riparian soil of Liaohe River Conservation Area.
The pollution characteristics of OCPs in the riparian soil in different periods. The comparison
diagram of DDTs content from different monitoring
points during different periods are drawn on the basis of the test results concerning the DDTs in the
OCPs at each monitoring point during different periods, as is shown in Figure 1. The results reveal that
in the riparian soil of Tongjiang River Estuary (L3),
Harbin-Dalian High-Speed Railway (L4), Mahushan
Mountain (L9), Juliu River (L10), Daniu (L14),
Dazhang Bridge (L15) and Dawn Bridge (L17), the
DDTs content in the normal flow period is higher
than that in the high flow period, while the DDTs
content in the riparian soil of other areas in the high
flow period is higher than that in normal flow period.
The maximum content throughout the year is
0.00032mg/kg, the minimum content is 0.04769
mg/kg, and the average content is between 0.00096
and 0.02467mg/kg. The DDTs content in the riparian
soil in the upper reach to the lower reach at different
periods is higher than that in the middle reach; while
the DDTs content in the riparian soil in the upper
reach at different periods is higher than that in the
lower reach in general.
Similarly, the comparison diagram of HCHs
content at different monitoring points during different periods are drawn on the basis of the test results
concerning the HCHs in the OCPs at each monitoring point during different periods, as is shown in Figure 2. The results show that, the HCHs content in the
riparian soil of Shuangan Bridge (L5), Cainiu (L6),

(4) Data treatment. Process the DGGE images
with the image analysis software - Bio-Rad, "Quantity one", and then assess the soil microbial diversity
in the riparian zone of Liaohe River Conservation
Area by virtue of Shannon-Wiener diversity index
(H), richness index (R) and Pielou evenness index (J)
[10].
The computational formula is as follows:

Wherein: ˯- the number of stripes per sample;
̊i - the number of individuals in the ith population;
N- the total number of individuals in the population, with the number of individuals expressed in
the peak area.
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riparian zone of Liaohe River Conservation Area are
formulated respectively, as is shown in Figure 1 and
Figure 2.
Generally speaking, the content distribution
trend of DDTs differs that of HCHs in the riparian
soil of Liaohe River Conservation Area.
For the spatial distribution, DDTs content
shows a decline trend from the upper reach to the
lower reach, the site with the highest DDTs content
is L2, and the sites with higher DDTs content are
mostly located in the upper reach of L8 sampling
sites in Liaohe River. The content of HCHs shows
an increasing trend from the upper reach to the lower
reach, in which L8 sampling site and sampling sites
in the lower reach of L12 sampling site in Liaohe
River feature higher concentrations of OCPs. The
main reason for such an increasing trend can be attributed to the fact that these sites are located in relatively densely populated areas with serious industrial and agricultural pollution.

Stone Buddha Temple Reservoir (L8), Juliu River
(L10) and Dawn Bridge (L17) in the high flow period is higher than that in the normal flow period,
while the HCHs content in the riparian soil of other
areas in the normal flow period is higher than that in
the high flow period. The maximum content
throughout the year is 0.00189mg/kg, the minimum
content is 0.0 mg/kg, and the average content is between 0.00084 and 0.00285mg/kg. The HCHs content in the riparian soil in the middle reach during
different periods is higher than that in the upper
reach to the lower reach; while the HCHs content in
the riparian soil in the upper reach at different periods is higher than that in the lower reach in general.
Spatial distribution characteristics of OCPs
in the riparian soil of Liaohe River Conservation
Area. According to the detection results of DDTs
and HCHs at each monitoring point during different
periods, the spatial distribution pattern of DDTs and
HCHs content at different monitoring points in the

FIGURE 2
Spatial Distribution Pattern of DDTs Content at Different Monitoring Points during Different Periods

FIGURE 3
Spatial Distribution Pattern of HCHs Content at Different Monitoring Points during Different Periods
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FIGURE 4
DGGE finger-print of riparian soils samples in conservation area

Structural diversity characteristics of soil
microbial communities in the riparian soil of
Liaohe River Conservation Area. PCR-GGE fingerprint spectrum analysis. PCR-GGE fingerprint
spectrum can separate DNA fragments with the same
length but different sequences. From the fingerprint
spectrum, we can see that there are many electrophoretic bands with different number and positions, with
different bands representing different bacteria, and
the more bands of DNA fragments in V3 region of
bacteria 16 SrDNA, the richer the biological diversity is; the fluorescence intensity of the dyed bands
reflects the richness of the bacteria, and the brighter
the band signal is, the more genus will become [13].
The soil samples from the Conservation Area are divided into two groups in accordance with the equipment conditions for DNA extraction and PCR amplification, and DGGE gel imaging is carried out on the
amplification products to form DGGE fingerprint
spectrum. Figure 3 shows the DGGE fingerprint
spectrum of soil samples from the Conservation
Area. The DGGE fingerprint spectrum indicates the
stable existence of many bands in the fingerprint
spectrum in all DGGE lanes, suggesting that the represented microbial communities extensively exist in
the riparian soil of the Liaohe River Conservation
Area.
This paper divides soil samples from the riparian zone of Liaohe River Conservation Area into two
groups for DNA extraction and PCR amplification,
then carry out DGGE gel imaging on the amplification products to form DGGE fingerprint spectrum, as
is shown in Figure 3. The two groups of DGGE spectrum are quantitatively analyzed by the software,
with Shannon-Wiener diversity index, Pielou evenness index and richness index results of soil microbial communities in Liaohe River Conservation Area
calculated, as is shown in Figure 4 - Figure 6. Figure
4 shows that the biological diversity index of the

Composition characteristics of OCPs in the
riparian soil of Liaohe River Conservation Area.
Given the average content of DDTs and HCHs, the
content of DDTs in the riparian soil is slightly higher
than that of the HCHs. The main reason may be that
the water solubility of HCHs is higher than that of
other pesticides, and the high solubility leads to easier precipitation of HCHs from soils and sediments,
thus resulting in lower pesticide content of HCHs in
soil than that of DDTs.
For the content percentage of the four isomers
RI +&+V Ȗ-HCH ranks the highest, reaching
78.88%- 99.63%, suggesting that Ȗ-HCH is the main
DFWLYHFRPSRQHQWRI+&+VĮ-+&+DQGȕ-HCH can
EH GHWHFWHGRFFDVLRQDOO\DQGį-HCH is almost not
GHWHFWHG LQ HDFK VDPSOLQJ VLWH $V IRU Ȗ-HCH, the
VLWHV ZLWK KLJKHU Ȗ-HCH content are basically distributed in the upper reach areas, with the main pollution source originating from river input and polluWLRQGLVFKDUJHDORQJWKHEDQNVȕ-HCH features the
longest retention time among the four isomers of
HCHs in the nature [11]7KHFRQWHQWRIȕ-HCH in
this research is the lowest, suggesting that the HCHs
in the riparian soil is not mainly caused by preious
pesticide residues.
The ratio of (DDE + DDD)/DDTs is generally
used to reflect the degradation of DDT in the environment, and furthermore to determine if there is any
new input of DDTs. Under normal circumstance, if
the ratio of (DDE + DDD)/DDTs over 0.5 suggests
a relatively long term usage of DDTs; while the ratio
of (DDE + DDD)/DDTs below 0.5 suggests a relatively short term usage of DDTs, with most of them
undegraded, or there are new sources of pollution
[12]. The ratio of (DDE+DDD)/DDTs in the upstream area of the Liaohe River Conservation Area
is higher than 0.5, suggesting that DDTs have been
used in the riparian soil of Liaohe River Conservation Area for a relatively long time.
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riparian soil from the Liaohe River Conservation
Area fluctuates, with the soil microbial diversity index of such sampling sites as Fudedian (L1), Sanhexiala (L2), Tongjiang River Estuary (L3), HarbinDalian High-Speed Railway Rubber Dam (L4),
Fanhe River Estuary (L5), Mahushan Mountain
(L6), Panshanzha (L16), Dawn Bridge (L17) higher
than 3.0, suggesting that these sites feature higher
richness of soil microbial species, better ecological
system stability and stronger capacity of maintaining, reproducing and protecting species diversity;
The diversity index at the sampling site of Shuangan
Bridge (L5) and Manduhu (L12) is relatively lower
(less than 2.5), suggesting that these sampling sites
feature relatively lower richness of soil microbial
species, weaker ecological system stability and
poorer capacity of maintaining, reproducing and protecting species diversity; the soil microbial diversity
index at other sampling sites is between 2.5 and 3.0,
suggesting that these sampling sites are featured with
medium richness of soil microbial species, average
stability of ecological system, and average capacity
of maintaining, reproducing and protecting diversity
of specifies.
Figure 5 shows that the maximum richness index of soil microbe in the riparian zone of the upper
reach of Conservation Area is 27, with the average
richness index ranging between 22 and 23, and the
sites with the highest richness index are Sanhexiala

Fresenius Environmental Bulletin

(L2) and Harbin-Dalian High-Speed Railway Rubber Dam (L4), suggesting that the riparian soil at the
upper reach features higher biological diversity;
DGGE richness indexes of the riparian soil in the
lower, reach is between 11 and 26, and that of the
middle and upper reach is between 10 and 25, which
are close, and the average values are 19.2 and 16.6,
respectively, suggesting that the riparian soils in the
lower reach and upper and middle reach share similar microbial diversity richness; the minimum
DGGE richness index of the riparian soil in middle
and lower reach of the Conservation Area ranges
from 9 to 17 with an average value of 12.6, suggesting that the richness of the microbial diversity of the
riparian soil in middle and lower reach of the Conservation Area is the lowest.
Species evenness index, a reflection of the
evHQQHVVRIHDFKVSHFLH¶VLQGLYLGXDOGLVWULEXWLRQUH
fers to the distribution of all species individuals in a
community or habitat conditions. The Pielou evenness index (J) is used to measure the evenness of miFURRUJDQLVPV¶GLVWULEXWLRQQDPHO\WKHODUJHUWKe index is, the evener the distribution of microorganisms
in the community is [14-16]. Figure 6 shows that the
evenness index of soil microbes is close to 1 except
that at Juliu River (L10), which is slightly higher,
suggesting that the degree of evenness of the microbial communities in each sampling site in the Conservation Area is similar.

FIGURE 5
Diversity index of soil microbial community in riparian soils samples in Liaohe river conservation area

FIGURE 6
Richness index of soil microbial community in riparian soils samples in Liaohe river conservation area
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FIGURE 7
Evenness index of soil microbial community in riparian soils samples in Liaohe river conservation area

FIGURE 8
Species-sensitivity distribution curve of DDTs and HCHs
in a unified way: take the minimal value from multiple toxicological data for this species under the same
exposure condition; take the geometric value of multiple toxicological data obtained from the species under different exposure conditions. Exposure conditions include: time exposed to contaminants, the water body types exposed to contaminants, exposure
temperature, barometric pressure at exposure, etc.
Since the toxicological data for some species in
the database are overly concentrated, toxicological
data on the obtained specific species shall be
screened. Screening principles: the tested species
shall cover at least 3 trophic levels (e.g. algae, crustaceans, and fish) in the ecosystem, with more than
8 species in order to ensure that their trophic levels

Correlation analysis between OCPs and soil
microbial communities in the riparian zone of
Liaohe River Conservation Area. Ecological risk
analysis of OCPs in the riparian zone. The
acute/chronic toxicity data of aquatic organisms of
p,p㸪DDT, p,p㸪DDE, p,p㸪'' Į-+&+ Ȗ-+&+ įHCH, total-HCH and other substances are obtained
from
the
EPAECOTOX
database
(http://cfpub.epa.gov/ecotox/) of the Environmental
Protection Agency (EPA).
Screen and combine the acquired toxicity data
for specific aquatic organisms and then convert all
data to a uniform unit of measure (ug/L). Several
toxicological data for the same species are processed
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be more evenly distributed and better conformed to
the real environment.
Species Sensitivity Distribution curves (SSD
curves) of HCHs and DDTs can be built based on the
acute data obtained, as is shown in Figure 7.
Put the concentrations of OCPs measured in the
riparian soils samples from Liaohe River Conservation Area into the model to calculate the corresponding ecological risk of each pesticide. The results are
shown in Table 1.

CONCLUSION
HCHs and DDTs are the main two kinds of
OCPs in the riparian soil of Liaohe River Conservation Area, with the pesticide content of DDTs
slightly higher than that of HCHs; the contents of
DDTs and HCHs are higher in the high flow period
than in the normal flow period, with an average contents of 0.00096 mg/kg and 0.02467mg/kg respectively; the ratio of (DDE+DDD)/DDTs of the riparian soil in Liaohe River Conservation Area is larger
than 0.5, suggesting that DDTs have been used for a
UHODWLYHO\ORQJWLPHȖ-HCH content in HCHs is the
KLJKHVWDQGȕ-HCH content in HCHs is the lowest,
suggesting that the existing HCHs in the riparian soil
is not mainly caused by previous pesticide residues.
The diversity index of soil microbial communities (H), richness index (R) and evenness index (J)
calculated with DGGE image show that diversity index of soil microbial communities (H), richness index (R) and evenness index (J) of soil at all sampling
sites in the riparian zone of Liaohe River Conservation Area are different. For the microbial diversity
index in soil from upper to lower reaches fluctuates,
with the soil microbial diversity indexes in upper and
middle reaches and lower reaches higher than that in
middle and lower reaches. The microbial community
diversity and richness index of the riparian soil in
Liaohe River Conservation Area has a more obvious
correlation with DDTs risks than with HCHs risks.
A scientific basis for the protection and ecological restoration of the ecosystem in the riparian zone
of Liaohe River Conservation Area has been proposed through the correlation analysis of the distribution characteristics of OCPs and the diversity index, richness index and evenness index of soil microbial communities in the riparian zone of Liaohe
River Conservation Area.

TABLE 1
Risk of OCPs in riparian soils samples in Liaohe
river conservation area
sampling site
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17

Ecological risks
DDTs
HCHs
0.252
0.13
0.495
0.12
0.41
0.105
0.28
0.105
0.415
0.14
0.413
0.12
0.4
0.125
0.38
0.175
0.32
0.125
0.33
0.128
0.38
0.14
0.23
0.15
0.24
0.128
0.24
0.12
0.34
0.12
0.419
0.128
0.39
0.14

Correlation analysis between the ecological
risks of OCPs in the riparian zone and microbial
diversity index. The correlation analysis between
the calculated risks of OCPs in the surface sediment
of Daling River Basin and the microbial diversity index (H), the richness index (R) has drawn the results
in Table 2.
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to control livestock pests might lead to damage on
non-target plants, hazard to human health, increase
pollution of nearby soil and water [5, 2, 3]. In addition, the animal feed might contaminate with pesticide residues. All these contamination cases might
lead the pesticides residues to accumulate in fatty tissues of animals, thus reaching through the food chain
to human tissues, particularly mother breast milk [2,
6, 3]. These disadvantages let several Jordanian scientific organizations to investigate the issues. The
Ministry of Environment of Jordan has asked the
Royal Scientific Society to monitor pesticides residues in animal products [2, 3]. Despite Ministry of
Agriculture of Jordan has banned the use of organochlorine pesticides since the early eighties of the last
century, several compounds has been detected in different commodities including animal products [2, 7,
8, 9, 3].
It is the aim of this study to monitor the pesticide residues of organochlorine compounds and their
metabolites in the animal products in northern governorates of Jordan in 2014 and 2015 to collect data
to be useful for the decision makers to take right decision concerning animal products contamination
with these organochlorine pollutants to protect citizens.

INTRODUCTION

MATERIALS AND METHODS

Chemical control, particularly the use of pesticides is still the major method to control pests attacking agricultural crops, public health insects and livestock farms [1, 2]. Ectoparasites and endoparasites
in livestock farmers should be controlled regularly
with veterinary pesticides despite being expensive
and time consuming. Ectoparasites are not only annoyance but they are able to transmit diseases to infested animals [1, 2, 3]. These ectoparasites include
insects, mites and ticks which affected animal
productivity [4].
Pesticides are used to protect and treat humans,
food and non-food crops, homes, pets, livestock and
keep various industrial processes pest-free and functioning efficiently [ 5, 4, 1, 3]. The use of pesticides

The international analysis method (10, 2] has
been adopted by the laboratories of the Royal Scientific Society in Amman (Jordan) for extracting the
residues of chlorinated pesticides from animal products.

ABSTRACT
One hundred and twenty animal products samples were collected from five governorates in north
Jordan in 2014 and 2015 and analyzed to monitor
residues of organochlorine pesticides. Seventeen of
the whole samples contained residues but less than
the maximum residue limits (MRL). The contamiQDWHG VDPSOHV FRQWDLQHG Į- ȕ- Ȗ-HCH, dieldrin,
SS¶-DDE and SS¶-DDT. Four analyzed egg samples
contained pesticides residues less than the MRL. Ten
of the analyzed meat samples contained pesticides
residues but less than the MRL. Three analyzed milk
product samples contained organochlorine pesticides
but less than the MRL. The samples of animal origin
were analyzed in the laboratories of the Royal Scientific Society under the request and supervision of the
Ministry of Environment. Conclusions and recommendations were suggested to minimize the concentration of organochlorine residues in foodstuff of animal origin in Jordan.

Glassware and Tools. A Soxhlet extractor,
separatory funnels with glass stopper and Teflon
stopcocks, chromatography columns (id =20 mm, L
= 40-50 cm) with Teflon-stopcocks, round bottom
flasks, and volumetric flasks were used. All parts of
glassware were washed thoroughly with water,
soapy water, distilled water, acetone and finally hexane, dried in a drying oven at 120 ºC, and kept tightly
closed after cooling to room temperature. Each
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fat was placed in a 250-ml separating funnel with 15
ml petroleum ether and 30 ml of acetonitrile saturated with petroleum ether, and then mixed thoroughly for 3 min. The organic layer was separated
and gathered in a 1-L separating funnel. Two portions each of 30 ml of acetonitrile saturated with petroleum ether were added to the aqueous layer in the
250-ml funnel, shaken well and then added to the 1L funnel. Then, 600 ml distilled water, 40 ml saturated sodium chloride solution and 100 ml petroleum
ether were added, and mixed thoroughly. The aqueous layer was separately placed in another separating
funnel with 100 ml petroleum ether, mixed thoroughly and then, the aqueous layer was discarded.
The remained organic layer was added to the 1-L
separating funnel. The pooled organic extracts were
passed through anhydrous sodium sulfate, and then
evaporated using the rotary evaporator. At this stage,
the % fat can be calculated [2].

glassware piece was washed several times with acetone prior to use [2].
Standards, Solvents, Chemicals and Gases.
A certified standard mixture containing all the targeted chlorinated pesticides (purity 99.5-99.9%,
1000 ppm; purchased from Ehrenstorfer (Augusburg/Germany) was diluted to 0.1 ppm with n-hexane containing 0.1 ppm isodrin as internal standard.
Petroleum ether (40-60ºC), dichloromethane,
acetone, n-hexane, methanol, acetonitrile and diethyl
ether of pesticide residue grade were purchased from
Riedel-deHaën (Hannover-Germany) and used as
solvents without further purification. Double-distilled water was prepared for use.
Anhydrous sodium sulfate (grDGH ³IRUUHVLGXH
DQDO\VLV´ ZDVKHDWHGDW&IRUKDQGNHSWLQD
FORVHG FRQWDLQHU )ORULVLO RI ³SHVWLFLGH UHVLGXHV
JUDGH´ -100 mesh) was also heated at 550 ºC for
12 h, kept in a closed container and heated once
again at130 ºC for 1 h prior to use. Quartz wool was
extracted with petroleum ether. Helium used as carrier gas was of 99.999% purity (grade 5). Argon/ methane (95/5% v/v) was used as make-up gas (99.9%
purity) [2].

Clean-up. The fat residues (meat and milk)
were dissolved in petroleum ether and passed
through an activated Florisil column for clean-up using petroleum ether/dichloromethane (80/20, v/v) as
eluent. The eluate was collected in a 500-ml round
bottom flask and evaporated to dryness at 30 ºC and
12 mbar. The residues were dissolved in 2 ml n-hexane containing 0.1 μg isodrin per ml (internal standard). This final solution was ready for GC injection
[2].

Gas Chromatography. A Varian CP-3800 gas
chromatograph, equipped with two capillary columns and a 63Ni-electron capture detector (ECD),
was used. The first column was a DB-1701 (30 m x
0.32 mm, film thickness 0.25 μm, moderately polar).
The second column was a HP-5 (30 m x 0.21 mm,
film thickness 0.25 μm, non-polar). Carrier gas (He)
of 99.999% purity was used at a flow-rate of 1.1
ml/min. The make-up gas (Ar-CH4) was used at a
flow-rate of 25 ml/min. Injector temperature was 280
ºC, while detector temperature was 300 ºC. The column temperature program was as follows: Initial
temperature 150 ºC (5 min), 150-220º C (13 ºC/min),
220 ºC (20 min), 220 ± 250 ºC (20 ºC/min) and 250
ºC (10 min). HP-3395 integrator operated at a chart
speed of 5 mm/min was used. Injection volume was
1 μl, and split ratio was 1:25 [2].

TABLE 1
Instrument Detection Limits and % recovery of
the studied organochlorine pesticides
Pesticide
Aldrin
Dieldrin
Endrin
Į-endosulfan
ȕ-endosulfan
HCB
Į-HCH
ȕ-HCH
Ȗ-HCH
Heptachlor
RS¶-DDE
RS¶-DDD
RS¶-DDT
SS¶-DDE
SS¶-DDD
SS¶-DDT

Extraction Methods. Extraction of fat from
meat products. A meat sample of 2-3 kg was
cleaned from the bones, and then minced with a meat
mixer. For eggs, the yolks of 30 eggs were mixed
well. A 30 g aliquot of the homogenous meat sample
(15 g of the homogenous yolk) were weighed and
mixed with 50 g anhydrous sodium sulfate. The sample was placed in a thimble and extracted for 6 h in a
Soxhlet apparatus using 250 ml petroleum ether. The
extract was rotary-evaporated (12 mbar) nearly to
dryness at 30 ºC. The residue was left in desiccators
for half an hour, and then the fat residue was weighed
to obtain % fat in the sample [2].

Detection limit
(mg/kg)
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

Recovery
(%)
99.0 ± 1.8
87.8 ± 2.2
79.9 ± 2.4
94.5 ± 2.0
99.2 ± 1.7
79.3 ± 2.3
94.8 ± 2.1
91.9 ±1.9
94.1 ± 2.1
99.0 ± 1.7
94.8 ± 2.2
86.9 ± 2.3
94.7 ± 2.0
98.7 ± 1.8
90.3 ± 1.9
90.3 ± 1.8

Recoveries and Quality Control. For the evaluation of the extraction efficiency, blank samples
were spiked with standard solution mixture of the
studied pesticides, and the spiked samples were analyzed using the above-mentioned procedure. Table 1
shows the calculated percent recoveries, and the instrument detection limits for the used ECD which
was calculated on the basis of signal to noise ratio of
3. Quality control program was applied through the

Extraction and determination of fat content
from milk products. Milk sample with less than 3 g
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Mafraq (25 samples) and north Shounah district (20
samples). The total number of all samples was 120.

food analysis performance assessment scheme
(FAPAS) in Britain. Quality control on samples was
done nationally through the cooperation with the
pesticides analytical laboratory in the Environment
Research Center of the Royal Scientific Society, and
with the Ministry of Agriculture, to ensure the accuracy of the analysis.

RESULTS AND DISCUSSION
One hundred and twenty from the local and imported animal products collected from five northern
governorates of Jordan in 2014/2015 were analyzed
(Tables 3, 4 and 5). 17 of these samples (14.17%)
were found contained pesticides residues but less
than the MRL according to the Codex Alimentarius
Committee [12] which is adopted by Jordan (Al-Antary et al., 2012). The contaminated samples conWDLQHGĮ- ȕ-Ȗ-HCH, dieldrin, SS¶-DDE and SS¶DDT. Three analyzed samples (2.5%) contained pesticides residues more than the MRL. Several authors
indicated that animals might acquire some of the organochlorine pesticides residues through ingestion,
absorption and inhalation [13, 2].
Thirty five egg samples from the 120 samples
were analyzed. Four samples of the table eggs
(11.43%) contained residues less than the MRL.
Two samples (5.71%) contained residues more than
the MRL (Table 3). The maximum residues limit
(MRL) in eggs (shell free) was recommended not to
exceed 0.2 mg/kg [14, 15, 16, 2, 3].

Sampling. Sampling was done according to
methods adopted by several authors [11, 2]. Particularly samples collection, storing and transferring
from collection regions to the laboratory. The samples were transferred in an ice box. All needed information about samples was recorded, and all collected
samples were kept in a special refrigerator for this
project.
In this study, animal products were divided into
4 groups. Group 1 contained fresh milk products
(Yoghurt, white cheese, Labaneh). Group 2 contained local chicken meat and imported chicken
meats. Group 3 contained red meats which are
Balady (local) and cooled and frozen imported
meats. Group 4 contained Balady- and farm table
eggs.
Table 2 shows the number of animal product
samples taken from different regions of northern Jordan in the period 2014/2015 as follows: Irbid (25
samples), Jarash (27 samples), Ajloun (23 samples),

TABLE 2
Number of samples in the different animal products taken from different regions in Jordan in 2014/2015
Animal Product
Eggs

Milk

Meat

Balady
Farms
Labaneh
Yughurt
White Cheese
Local red meat
Imported cooled
Red meat
Imported frozen
Red meat
Poultry

Total

Number of
each type
15
20
10
10
10
15

Number of
imported
-

Number of
local
15
20
10
10
10
15

10

10

-

20

20

-

10
120

5
35

5
85

Total of each group
35
30

45

120

TABLE 3
Concentration of pesticides (mg/kg fat) in table eggs (Farms and Balady) collected in the period
between Sep. 2014 and Oct 2015
Sample type/Location
Farm egg/
N. Shounah
Balady egg/Ajloun
Balady egg/Ajloun
Balady egg/Ajloun
Balady egg/
N. Shounah
Balady egg/
N. Shounah

Į-HCH

ȕ-HCH

Ȗ-HCH

-

Heptachlor
-

-

-

0.005

-

0.01
-

0.005

-

-

Dieldrin

-

RS¶DDE
-

SS¶DDD
-

SS¶DDE
-

SS¶DDT
0.02

0.34
-

0.01
0.13
-

-

-

-

-

-

-

-

-

-

-
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TABLE 4
Concentration of pesticides (mg/kg fat) in local and imported meat samples collected
in the period between Sep. 2014 and Oct 2015
Sample type/Location
Local lamb/ Jarash
Localcow/
Jarash
Local cow/
N. Shounah
Imported
lamb/
Mafraq
Imported frozen
cow/ Ajloun
Imported lamb/
Ajloun
Imported frozen
cow/ N.Shounah
Imported frozen
cow/ N. Shounah
Imported
lamb/
Mafraq
Imported
lamb/
Mafraq

Į-HCH

ȕ-HCH

Ȗ-HCH

0.03

Heptachlor
-

-

RS¶DDE
-

SS¶DDD
-

SS¶DDE
-

SS¶DDT
0.02
-

-

-

0.003

-

-

-

-

-

-

-

-

0.02

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.03

-

0.01

-

-

-

-

-

-

-

-

0.16

-

-

-

-

-

-

-

0.26

0.09

-

-

-

-

-

-

-

-

0.05

-

-

-

-

-

-

-

-

0.03

-

-

-

-

-

-

-

-

Dieldrin

TABLE 5
Concentration of pesticides (mg/kg fat) in milk products collected in the period
between Sep. 2014 and Oct. 2015
Sample type/
Location
Yughurt/
N. Shounah
Labaneh/
N. Shounah
White chees/
N. Shounah
White chees/
Ajloun

Į-HCH

ȕ-HCH

Ȗ-HCH

-

Heptachlor
-

-

-

0.09

-

-

0.33

-

0.01

-

Dieldrin

-

RS¶DDE
-

SS¶DDD
-

SS¶DDE
0.01

SS¶DDT
-

-

-

-

-

-

0.15

-

-

-

-

-

-

-

-

-

-

-

-

-

0.01

Ȗ-HCH, 1.75% contained SS¶-DDE, 4.17% SS¶DDT, 10.8% dieldrin in the five governorates (Irbid,
Jarash, Ajloun, Mafraq and north Shounah). The
samples which contained several organochlorine
pollutants represent 3.33% such as Labaneh sample
from north Shounah. Several authors [16, 13, 18, 17,
14, 15, 2, 3] reported that animals might expose to
pesticide residues through the food chain. It is recommended to continue the monitoring of organochlorine pollutants in the local and imported animal
products in Jordan to be sure that no contamination
and not exceeding the MRL.

Thirty samples of milk products (25%) from the
total samples (120 samples) were analyzed (Table 4).
Three samples (10%) of the thirty samples contained
organochlorine pesticides residues but less than the
MRL. There was one sample (3.33%) of the thirty
samples contained residues more than the MRL.
Milk and milk products are the main item in the diet
of infants and babies. They should receive particular
consideration [16, 17, 2, 3].
Fifty five samples of local and imported meat
and poultry (45.8%) from the total samples (120
samples) were analyzed. 29.2% of the whole samples were imported ones (Table 5). Ten samples
(18.18%) of the total analyzed meat and poultry samples were contained pesticides residues, but less than
the MRL. No analyzed samples contained residues
more than the MRL. However, it is necessary to
monitor pesticides residues in animal feed products
through the various steps of animal feeding including harvesting feed, storage and feeding (Cummings
et al., 1967, WHO, 2009, Al-Antary et al., 2012,
Alawi et al., 2016)
From the present study, results showed that
RIWKH ZKROHDQDO\]HGVDPSOHVFRQWDLQHGĮHCH, 0.83% FRQWDLQHGȕ-HCH and 1.7% contained
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DETERMINATION OF IN-VITRO ANTIOXIDANT,
ANTI-UREASE, ANTI-HYALURONIDASE ACTIVITIES BY
PHENOLIC RICH BEE PRODUCTS FROM
DIFFERENT REGION OF TURKEY
Zehra Can*
Department of Urgent Aid and Disaster Management, Faculty of Applied Sciences, Bayburt University, 69000, Bayburt, Turkey

ulcer, and gout encourage people to use plants and
bee products more effectively for therapeutic approaches. Well known bee products are honey, pollen, royal jelly, and propolis. In addition to usage of
these products in industries as food sources, they
take an important role in traditional complementary
medicine. Lots of scientific studies show that these
natural products have therapeutic effect on human
health [1]. Honey is one of the most common bee
products that are used for treatment of illnesses.
Also, the other bee products like propolis and pollen
has become important to therapeutic approaches in
recent years because propolis and pollen have quite
high amounts of proteins, vitamins, minerals, and
antioxidant components, such as phenolic compounds and flavonoids [2, 3]. Bee products are also
remarkable resources of flavonoid glycosides, which
show not only antioxidant activities but also anti-inflammatory, anti-allergen, antiulcer, antibiotic and
anti-carcinogenic properties [4].
Turkey has a very rich flora and thanks to consists of various species plants. This plants species allow the formation of a wide variety of honey species.
Although Turkey is one of the world's leading countries which bees and bee products, there are very limited data about therapeutic usage of bee products in
Turkey. In this purpose, this study was established
and is different from the studies in the literature due
to various honey, pollen and propolis samples that
were used. The purpose of this study is to investigate
enzyme inhibitions, antioxidant activities, and RPHPLC-UV with phenolic compounds of various
honey, pollen, propolis samples and to determine the
importance of these components for human health.

ABSTRACT
In this study, enzyme inhibition of urease and
hyaluronidase are clinically important functions
were examined by different authenticity bee products. Different floral honey, pollen and propolis samples were analyzed in terms of total phenolic compounds (TPC), total flavonoid contents (TFC), ferric
reducing antioxidant capacity (FRAP), cupric reducing antioxidant capacity (CUPRAC), and 2,2-diphenyl-1-picryhydrazyl (DPPH) free radical scavenging
activities as antioxidant determinants. For the determination of the phenolic composition of the products, RP-UV-HPLC was used. TPC of the honey,
pollen and propolis samples were ranged from 17 to
95 and 770 to 989 mg of gallic acid (GAE)/100g,
135-258 mg of GAE/g, and TFC was 1 to 10
mgQE/100g, and 78 to 99 mgQE/100 g, and 9 to 10
mg of QE/g, respectively. Among the bee products,
propolis samples were showed the highest phenolic
componds, that contained different quantity of protocatequic acid, catechin, caffeic acid, p-coumaric
acid, p- hydroxybenzoic acid, ferulic acid and rutin.
The urease inhibition vales (IC50) were changed
from 7.02 to 33.25 mg/mL, 5.00 to 8.78 and 0.16 to
1.98 mg/mL in the honey, pollen and propolis samples, respectively. The hyaluronidase inhibition values (IC50) were changed from 0.02 to 0.46 g/mL,
0.02 to 0.26 g/mL and 3.26 to 9.21 μg/mL in the
honey, pollen and propolis samples, respectively.
Honey, pollen and propolis have a significant inhibition on the enzymes, the inhibition may be due to
secondary metabolites of phenolic compounds and
the mechanism of the inhibition should be studied in
detailed.

MATERIALS AND METHODS
KEYWORDS:
Bee products, urease, hyaluronidase, enzyme inhibition,
antioxidant

Materials. All the reagents used were of analytical grade. All phenolic acid and flavonoids standards, were obtained from Sigma-Aldrich Chemie
GmbH (Germany) and Merck (Darmstadt, Germany). Trolox was supplied by AppliChem (Darmstadt, Germany). Folin±CiocaOWHX¶V SKHQRO UHDJHQW
and TPTZ were purchased from Fluka Chemie

INTRODUCTION
In recent years, increasing cases of some global
diseases like cancer rheumatoid, antiaging, gastric
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using a UV/vis spectrophotometer (1601UV-Shimadzu, Australia). Acetohydroxamic acid was used
as the standard inhibitor. The IC50 of the extracts
were calculated from the dose response curve generated using different concentrations of the extracts.
Second enzyme inhibition of a modified version of the Sigma protocol was used to determine the
anti-hyaluronidase activity of each sample [6]. The
reaction mixture consisted of 100mL of hyaluronidase (1.67 U/mg), 100 mL of phosphate buffer (200
mM, pH 7, 37 °C) with 77 mM sodium chloride, and
0,01% BSA mixed with 25 mL sample extract solution. After pre-incubation at 37 °C for 10 minutes,
the reaction was initiated by adding 100mL of substrate solution in the form of hyaluronoic acid
(0.03% in 300mM sodium phosphate, pH 5.35). The
assay mixture was incubated at 37°C for 45 minutes.
The undigested hyaluronoic acid was precipitated
with 1 mL acid albumin solution prepared of 0,1%
bovine serum albumin in 24 mM sodium acetate and
79 mM acetic acid, with a pH of 3.75. After leaving
the mixture at room temperature for 10minutes, the
absorbance was measured at 600nm using Thermo
Scientific Evolution 260 spectrophotometer
(Thermo Scientific, Waltham, MA). The assay was
done in triplicate. The IC50 value was determined as
the concentration of compound that gives 50% inhibition of maximal activity.

GmbH (Switzerland). Jack bean urease, urea, acetohydroxamic acid, sodium nitroprusside, iron(III)
chloride hexahydrate (FeCl3.6H2O), 2,4,6-Tris(2pyridyl)-s-triazine (TPTZ), iron(II) sulfate heptahydrate (FeSO4.7H2O), and DPPH (2,2-Diphenyl-1(2,4,6-trinitrophenyl) hydrazyl) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Sodium
acetate, ferric chloride, and glacial acetic acid were
obtained from Merck. LC syringe filters (RC-membrane, 0.2 μm) were obtained from Sartorius Minisart RC 15, Sartorius (Darmstadt, Germany).
Extract Preparation. For the enzyme inhibition, samples were obtained from experienced beekeepers in 2017 from the various regions in Turkey.
For anti-urease activity, extracts in ethanol were prepared 5 g each honey and pollen and 1 g propolis of
the powdered samples were placed in 50 mL 70%
ethanol in a glass flask and stirred on a shaker (Heidolph Promax 2020, Schwabach, Germany) at room
temperature for 24 hours. The suspension was centrifuged at 10.000 rpm for 15 minutes, and then the
supernatants were evaporated. The residue was dissolved in minimal volumes of 70% ethanol. For antihyaluronidase activity, nearly 5g of powdered samples of honey, pollen and 0.5 g propolis were mixed
with 20 mL ultrapure water in a glass flask and
stirred on a shaker (Heidolph Promax 2020, Schwabach, Germany) at room temperature for 6 hours.
The suspensions were filtered with filter paper
(Whatson).
For antioxidant activity and phenolic compounds, approximately 10 g of honey sample and 5
g of pollen and 2.5 g propolis were placed in a falcon
tube with 50 mL methanol (99 %) and stirred with a
shaker (Heidolph Promax 2020, Schwabach, Germany) at room temperature for 24 hours, and then
sonicated for 3 hours with a sonicator (Elma
Transsonic Digital, Germany). The suspensions
were filtered with filter paper (Whatson) and concentrated in a rotary evaporator (IKA-Werke, Staufen-Germany) under reduced pressure at 40 °C. The
residue was then resuspended with a minimal volume of methanol and kept at 4 °C until use.

Determination of Total Phenolic and Flavonoid Contents. For the determination of the total
phenolic contents, the Folin-Ciocalteau procedure
was employed and gallic acid was used as the standard [7]. %ULHIO\ȝ/RIGLVWLOOHGZDWHUȝ/RI
0.5 N Folin-&LRFDOWHXUHDJHQWȝ/RIYDULRXVFRQ
centrations of gallic acid and samples were mixed
and vortexed. After a 3 minute-LQFXEDWLRQȝ/
of Na2CO3 (10%) solution was added and vortexed.
Then, the mixture was incubated for 2 hours at 20 °C
with interrupted shaking. Absorbance measurement
was carried out at 760 nm at the end of the incubation
period. A standard curve was prepared using gallic
acid as a standard with different concentrations of
gallic acid, total phenolic content is expressed as gallic acid equivalents in mg (GAE) per 100 g honey
and pollen samples and mg (GAE) per g propolis
samples.
The concentration of total flavonoid present in
the methanolic extracts was measured by using a
spectrometric assay. Briefly, 0.5 mL samples, 0.1
mL of 10% Al(NO3)3 and 0.1 mL of 1 M
NH4.CH3COO were added to a test tube and incubated at room temperature for 40 minutes. Then, the
absorbance was measured against a blank at 415 nm.
Quercetin was used for the standard calibration
curve. The total flavonoid concentration was demonstrated as mg of quercetin equivalents per 100 g and
per g samples [8].

Determination of anti-urease and anti-hyaluronidase activities. Jack bean urease was used to
determine the urease inhibition activity of the extracts. The production of ammonia was measured using the indophenol method by Waetherburn [5]. Reaction mixtures including 200 mL of Jack Bean Urease, 500mL of buffer (100mM urea, 0.01 M
K2HPO4, 1 mM EDTA and 0.01 M LiCl, pH 8.2) and
100 mL of the propolis extract were incubated at
room temperature for 20 min. The phenol reagent
(550 mL, 1% w/v phenol and 0.005% w/v sodium
nitroprusside) and alkali reagent (650 mL, 0.5% w/v
sodium hydroxide and 0.1% v/v NaOCl) were added
to each tube and an increasing absorbance at 625 nm
was measured at the end of 50 minutes incubation by
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The organic phases were combined and solvents
were removed with a rotary evaporator. The final
residue was re-dissolved in methanol and the final
volume was completed to 2 mL of methanol before
the HPLC analysis [12, 13, 14].
Fourteen standards of phenolic compounds
were analyzed using HPLC (Elite LaChrom Hitachi,
Japan). The sample was injected into the HPLC system with a reverse phase C18 column (150 mm x4.6
PP ȝP )RUWLV  $FHWRQLWULOH ZDWHU DQG DFHWLF
acid were used for the mobile phase by applying the
programmed gradient. The mobile phase consisted
of (A) 2% acetic acid in water and (B) acetonitrile:
ZDWHU   7KH VDPSOH¶V LQMHFWLRQ YROXPH ZDV
ȝ/WKHFROXPQWHPSHUDWXUHZDVDW&DQGWKH
flow rate was at 0.75 mL/ min. The programmed solvent used began with a linear gradient held at 95% A
for 3 minutes and then started decreasing gradually
to 80% A at 10 min, passing to 60% A at 20 minutes,
20% A at 30 minutes, and finally back to 95% at 50
minutes [15].

Determination Ferric Reducing / Antioxidant Power (FRAP) and Cupric Ion Reducing /
Antioxidant Power (CUPRAC). A FRAP assay
was also conducted to determine the total antioxidant
capacity of the samples. This method is based on the
reduction of tripyridyltriazine complex (Fe
(TPTZ) 3+) to blue colored Fe(TPTZ)2+ by antioxidants in acidic medium [9]. The preparation of working FRAP reagent was carried out by mixing 25 mL
of 0.3 M acetate buffer at pH 3.6 with 2.5 mL of 10
mM 2,4,6-tripyridylstriazine (TPTZ) solution in 40
mM HCl and 2.5 mL of 20 mM FeCl3.6H2O solution.
The reaction mixture consisting of 100 μL of the
sample and 3 mL of freshly prepared FRAP reagent
was incubated at 37 °C for 4 min. Then, the absorbance was determined at 593 nm against blank prepared with distilled water. A calibration curve prepared with an aqueous solution of ferrous sulfate
FeSO4.7H2O in the range of 100- ȝ0
FeSO4.7H2O was also tested under the same conditions as a standard antioxidant compound. FRAP
YDOXHVSUHVHQWWKHZHLJKWRIWKHVDPSOHVDVȝPRODQG
mmol of ferrous equivalent Fe (II) per g sample.
CUPRAC method determines the total antioxidant capacity of the samples. The method is based on
the reduction ofa cupric neocuproine complex
(Cu(II)±Nc) by antioxidants to the cuprous form
(Cu(I)±Nc) [10]. The CUPRAC assay uses the copper (II)-neocuproine reagent as the chromogenic oxidant. It involves mixingthe antioxidant solution
with solutions of CuCl2, neocuproine, and ammonium acetate at pH 7, and measuring the absorbance
at450 nm after 30 minutes. The standard calibration
curve of trolox in the range of 100- ȝ0 ZDV
used. Trolox was also tested under the same conditions as a Standard antioxidant compound. CUPRAC
values demonstrated the weight of the sample as
ȝPRODQGPPRORI&X , SHUJVDPSOH

Statistical Analyses. Results are presented as
mean values of three replicates. Data were manipulated in Excel tool of Microsoft office 2013. Pearson
correlation was used to reveal differences and relations. Significant differences were statistically considered at the level of p < 0.05 otherwise given.

RESULTS AND DISCUSSION
Anti-urease and anti-hylaruronidase activities. The inhibition study was conducted to examine
the components that have enzyme inhibition effect in
honey, pollen and propolis. Enzyme inhibition studies were performed for urease and hyaluronidase
falling into important enzyme inhibitors. A low IC50
value from anti-urease and anti-hyaluronidase activity assays indicates a high inhibition. The inhibition
results are shown in Table 1. The urease inhibition
results have a range between 7.02 to 33.25mg/mL in
the honey samples, 5.00 to 6.60 mg/mL in the pollen
samples and 0.50 to 0.72 mg/mL in the propolis samples. The result of urease inhibition in the propolis
extracts was better than the other results. (Table 1).
The urease enzyme is nickel-dependent metalloenzymes which catalyzes the hydrolysis of ammonia and carbon dioxide of urea, which is involved in
serious infections caused by Helicobacter pylori in
the gastric tract. Ureases that produce excess ammonium are also involved in the development of urolithiasis, pyelonephritis, hepatic encephalopathy, hepatic coma urolithiasis, and urinary catheter encrustation in humans and animals [16]. In recent years,
various natural urease inhibitors have been studied
for the treatment of these infections. This study was
used as the natural urease inhibitor honey, pollen and
propolis samples. The inhibition results range between 7.02 to 33.25mg/mL in the honey samples,

Free Radical-Scavenging Activity of DPPH.
Antioxidant activity of a compound can be determined by various in vitro and in vivo methods. The
free radical scavenging ability was determined by in
vitro methods by Molyneux [11] to determine the
radical scavenging capacity of the metholic extracts.
This simple method is based on the DPPH radical
scavenging ability of the antioxidants in the extracts.
For each sample, 0.75 mL of the extracts at six different concentrations was mixed with 0.75 mL of 0.1
mM of DPPH in methanol, and the absorbance was
read at 517 nm. The values were shown as SC50
mg/mL and μg/mL sample representing the concentration of each sample that resulted in 50% scavenging of DPPH radicals.
Analysis of Phenolic Compounds by HPLC.
For HPLC analyses, the residue was dissolved in 10
mL acidified deionized water (pH:2) and extracted
three times with 15 mL of a mixture of cold diethyl
ether and ethyl acetate and 1:1 (V/V) by shaking.
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5.00 to 6.60 mg/mL in the pollen samples and 0.50
to 0.72 mg/mL in the propolis samples. This result
shown in the inhibition of urease was better in the
propolis extracts. (Table1). In addition, it was determined urease inhibition of phenolic standards (Table
1). These are catechin, p-coumaric acid, protocatequic acid and ferulic acid (Figure 1). This result
shown in the inhibition of urease was better in the
ferulic acid. Indeed, propolis sample has ferulic acid
rich and was found to be quite high in anti-urease
activity. A previous study reported that the IC50 result of oak honey was between 0.012 and 0.021
mg/mL [4]. When our study was compared to other
studies, it was determined that the IC50 values of
honey were similar. When the inhibition concentration was compared to the known standard for this enzyme, our findings were lower than that of the acetohydroxamic acid. The lower enzyme inhibition
values compared to these pure enzyme inhibitors
may be explained by the purity of the samples. This
study also aimed to determine whether the honey,
pollen and propolis exhibit an inhibitory effect on
enzymes which is of vital importance in human
health. The enzyme inhibition in consumed foods
provide several protective aspects for human bodies
[17]. Propolis is a high urease inhibitor due to its
high phenolic and flavonoid composition. According
to our results, propolis may be a good hyaluronidase
and urease enzyme inhibitor. Common inhibitors of
enzymes will be important in alternative medicine as
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protective agents and in the treatment of cancer,
rheumatoid, antiaging, gastric ulcer, and gout.
Hyaluronic acid (HA), an important glycosaminoglycan in the extracellular matrix and connective tissue, is degraded by the enzyme hyaluronidase
[18]. Hyaluronic acid is very important in the treatment of joint pain, strengthening of the immune system and skin aging. Hyaluronic acid has been used
frequently in the recent years, particularly in cosmetic products. In our previous study, it was found
that HAase inhibition was related to the phenolic
contents of honey. The higher the phenolic content
in honey, the greater the inhibitory effects could be
mentioned [19]. The results indicate that polyphenolic and flavonoids contribute to hyaluronidase enzyme inhibition. According to the results, it was determined that propolis were strong enzyme inhibitors
compared to honey and pollen. It was found in the
study that the highest anti-hyaluronidase activity
among the honey types was seen in oak honey, followed by chestnut and buckwheat [19]. The anti-hyaluronidase activity of buckwheat honey was found
to be 0.125 to 0.126 g/mL [19]. The present study
results are similar to previous studies. Hyaluronidase
enzyme is known to be included in allergic effects
[21], inflammation. These results seemed to indicate
that potent HAase inhibitors especially propolis
might have antiallergic effects. In this result, it might
be thought that propolis is power HAase inhibitor
and could become leading compounds in the development of new cancer and cosmetic drugs.

TABLE 1
Inhibition concentrations (IC50) of honey, pollens, propolis samples and some phenolic standards
Samples
B.H.1
B.H.2
B.H.3
O.H.1
O.H.2
C.H.1
C.H.2
R.H.1
R.H.2
H.H.1
H.H.2
B.P.1
B.P.2
C.P.1
C.P.2
C.Pro.1.
C.Pro.2
O. Pro.1
O. Pro.2
Catechin
p-Coumaric acid
Ferulicacid
Protocatechuic acid
Acetohydroxamic acid

Urease-IC50
(mg/mL)
14.90±0.07
16.46±0.12
16.90±1.16
8.95±0.04
11.13±0.05
7.68±0.05
7.02±0.08
21.05±0.06
33.25±0.09
8.78±0.02
8.21±0.07
6.60±0.04
6.21±0.05
5.46±0.09
5.00±1.00
0.66±0.01
0.72±0.01
0.50±0.02
1.98±0.02
39.34±0.04
32.07±0.02
29.69±0.05
45.50±0.03
25.09±0.02

HYA-IC50
(g/mL)
0.10±0.01
0.12±0.04
0.11±0.02
0.02±0.00
0.05±0.00
0.09±0.00
0.08±0.00
0.26±0.02
0.46±0.00
0.16±0.04
0.22±0.02
0.03±0.01
0.02±0.01
0.03±0.00
0.02±0.00
5.00±0.01
5.54±0.02
3.26±0.01
9.21±0.02
-

*Propolis samples hyaluronidase IC50 values μg/mL and phenolic standards and acetohydroxamic acid urease IC50
values μg/mL. *B.H.: Buckweat honey, O.H.: Oak honey, C.H.: Chestnut honey, R.H.: Rhodondendron honey,
H.H.: Heather honey, B.P:Buckweat pollen, C.P.: Chesnut pollen, C.Pro.1.: Chesnut propolis, O.Pro.: Oak propolis
* Means ± standard deviations.
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FIGURE 1
Chromatograms of phenolic acid standards
1.Gallic acid, 2. Protocatequic acid, 3. p-OH benzoic acid, 4. Catechin, 5. Vanilic acid, 6. Caffeic acid, 7. Syringic acid, 8. Epicatechin, 9. pCumaric acid, 10. Ferulic acid, 11. Rutin, 12. Daidzein 13. t-cinnamic acid, 14. Luteolin

TABLE 2
Antioxidant activity results of honeys pollens and propolis samples
Samples
B.H.1
B.H.2
B.H.3
O.H.1
O.H.2
C.H.1
C.H.2
R.H.1
R.H.2
H.H.1
H.H.2
B.P.1
B.P.2
C.P.1
C.P.2
C.Pro.1.
C.Pro.2
O. Pro.1
O. Pro.2
Troloxs
(mg/mL)

Total poliphenol
(mgGAE/100g
sample)
51.07±1.00
48.73±1.66
45.85±1.21
88.93±2.13
75.36±2.28
95.28±4.25
92.36±4.05
32.26±0.07
17.65±0.04
89.68±0.09
85.26±0.09
770.29±3.05
787.12±1.00
890.97±1.10
989.78±1.00
210.98±0.32
200.83±0.36
258.28±0.63
135.40±0.78

Total Flavonoid
(mg QE/100g
sample)
3.25±0.04
3.12±0.04
2.17±0.09
10.13±0.01
9.87±0.02
8.89±0.02
8.73±0.04
1.02±0.02
1.00±0.09
5.84±0.11
5.12±0.06
78.63±2.01
86.19±1.02
91.20±4.86
97.45±5.87
10.46±0.21
9.89±0.09
19.00±0.11
7.60±0.01

FRAP
(μmolTrolox/g
sample)
2.11±0.02
2.16±0.03
1.20±0.04
9.04±0.05
8.53±0.04
4.00±0.02
3.89±0.01
0.830±0.10
0.780±0.09
1.14±0.10
1.00±0.08
49.00±0.53
49.08±0.83
54.04±2.50
67.03±2.25
0.95±0.01
1.65±0.01
2.43±0.02
1.99±0.02

CUPRAC
(μmolTrolox/g
sample)
1.99±0.03
2.78±0.09
2.39±0.06
10.23±0.07
8.89±0.06
5.68±0.04
2.86±0.06
1.03±0.09
0.93±0.05
1.62±0.10
0.99±0.12
10.89±0.17
11.00±0.09
13.65±1.39
15.89±1.00
0.90±0.01
1.20±0.01
2.64±0.01
2.00±0.01

DPPH SC50
(mg/mL)
57.00±0.06
68.00±0.54
73.19±2.15
8.65±0.06
9.36±0.09
19.65±0.09
21.06±0.26
65.45±0.05
81.02±0.01
25.68±0.21
30.21±0.10
2.02±0.02
2.00±0.03
2.46±1.11
1.79±1.00
22.30±0.01
25.00±0.01
10±0.00
63±0.00
0.004±0.00

*propolis samples Total poliphenol and flavonoid results mg/g samples, FRAP and CUPRAC results mmol Trolox/ g sample and DPPH SC50
results μg/mL.*B.H.: Buckweat honey, O.H.: Oak honey, C.H.: Chestnut honey, R.H.: Rhodondendron honey, H.H.: Heather honey, B.P:
Buckweat pollen, C.P.: Chesnut pollen, C.Pro.1.: Chesnut propolis, O.Pro.: Oak propolis

The RP-HPLC chromatograms of the standard phenolic compounds were given in Figure 1. Phenolic
compounds are considered as antioxidant constituents, and they could be stated as components that account for antioxidant activity of honey, pollen and
propolis samples.
Phenolic compounds are known as major secondary metabolites in plants and plant products. Phenylalanine and tyrosine are their precursors. They are
known to have antioxidant activities and it is likely

Antioxidant activity and phenolic content.
Antioxidant activity and phenolic composition were
determined in the second part of the study. The results were shown in (Table 2). The ferric reducing
antioxidant assay (FRAP) and the cupric reducing
antioxidant assay (CUPRAC) were performed to determine the total antioxidant capacity. DPPH assay
shows the total radical scavenging capacity and the
results were shown in Table 2.
Phenolic constituents of the honey, the pollen
and the propolis extracts were measured by HPLC.
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that the activity of these extracts is due to this compound [21]. The total phenolic and flavonoid content
was determined in this study. The total phenolic contents in the examined plant extracts using the Folin&LRFDOWHX¶V UHDJHQW LV SUHVHQWHG LQ WHUPV RI JDOOLF
acid equivalent. The total phenolic contents of the
honey and pollens ranged between 17.65 and
95.28mg GAE/100 g honey extracts and 770.29 to
989.78 mg GAE/100 g pollen extracts and 135.40 to
258.28 mgGAE/ g propolis extracts (Table 2). Propolis samples exhibited the highest TPC. The content
of flavonoids was presented in terms of quercetin
equivalent. The total flavonoid contents of honey
and pollens ranged from 1.00 to 9.87 mg QE/100 g
honey extracts and 78.63 to 97.45 mg QE/100 g pollen extracts and 7.60 to 19.00 mgQE/g propolis extracts (Table 2). According to these results, total phenolic and flavonoid content of the propolis is higher
than honey and pollen.
The samples show ferric reducing effects that
are related to the antioxidant capacity, and the propolis samples have higher FRAP values than the
honey and pollen samples. The bis(neocuproine)copper(I)cation chromophore is soluble both in
water and organic media. Therefore, the CUPRAC
method is capable to assay both hydrophilic and lipophilic antioxidants. Many studies indicated that
honey, pollen and propolis have an important activity of free radical scavenging activity [22]. The data
of the study show that honey, pollen and propolis
have DPPH radical scavenging activity. The propolis
has a higher radical scavenging activity than honey
and pollen as well as FRAP and CUPRAC values.
The results show that propolis has a stronger antioxidant capacity than honey and pollen, and that its
consumption as a potential antioxidant is more appropriate. The study determined that propolis, which
has a strong antioxidant activity, is a potent enzyme
inhibitor.
Due to the structure of the basic carbon skeleton, polyphenolic compounds can be divided into
three subgroups. These are C6í C1 phenyl-carboxyl
acids derivatives of benzoic acid, e.g. protocatechuic
acid and gallic acid, C6 í &3 phenyl-propene acids
derivatives of cinnamic acid, e.g. ferulic acid or caffeic acid, C6 í&3í C6 flavonoid which include, flavones and flavonols, e.g. quercetin and rutin, flavonones, flavanols, anthocyanins. The study determined the phenolic acid and flavonoid compounds in
the various honey, pollen and propolis samples. Protocatequic acid and p-OH benzoic acid were in
nearly all honey samples (Table 3). Catechin was
founded major flavonol only in heather honey samples and all in polen samples. It is known that polyphenols inhibit H. pylori, especially flavonoids are
urease inhibitors [17]. Previous study, genistein is an
isoflavone, was determined to inhibit H.pylori urease by 50% while its 7-O-glucoside derivative exhibited no effect on the enzyme activity [23]. Another
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study tea catechin was determined effect on H.pylori. [24]. In this study, it may be thought that
heather honey and pollen samples show that anti
H.pyolori properties inhibition urease because of the
fact that these samples include catechin.
Flavonols are the most abundant flavonoids in
foods. Flavonoid groups are responsible prevention
of fat oxidation. p- Coumaric acid was founded in all
pollen and propolis samples. Coumaric acid is a hydroxy derivate of cinnamic acid, which includes
three isomers, these are o-coumaric acid, m-coumaric acid, and p-coumaric acid. Among these p-coumaric acid is widely is found in plant products. pCoumaric acid possesses antioxidant properties that
reduce the risk of stomach cancer by suppressing the
formation of carcinoge nicnitrosamines [25, 26].
Many studies have been determined p-coumaric acid as a potent tyrosinase inhibitor that can inhibit melanin biosynthesis. In our findings, p-coumaric acid was detected in all samples of pollen and
propolis. In this study, pollen and propolis samples
might be thought to be due to the content of the pcoumaric acid as a result of higher anti hyaluronidase
and anti-urease activity. In this regard, it is thought
that patients with stomach cancer may benefit from
pollen and propolis consumption for treatment. Ferulic acid was founded in some honey and all propolis
samples and not founded in pollen samples. Ferulic
acid C6-C3 phenyl-propone acids are derivated of
cinnamic acid. Ferulic acid with high antioxidant effect has a high radical scavenger effect for free radicals such as hydrogen peroxide, superoxide, hydroxyl radical, and nitrogen dioxide. Indeed, this
study results, propolis DPPH values ranged to 10-63
μg/mL. Besides, Ferulic acid is potent urease inhibitor. In our findings propolis contains high ferulic
acid. In previous study the effects of ferulic acid on
oral cancer in rats, suggest that ferulic acid has
chemo-preventive activity on oral cancer [27]. According to our findings, propolis may be effective for
oral cancer.

CONCLUSION
In this study, provided from different regions
bee products that are widely known as honey, pollen,
and propolis were used. Results of this study demonstrated the different activity degrees of anti-urease,
anti-hyaluronidase, and antioxidant as well as the
phenolic compounds of various honey, pollen and
propolis samples. It is well known that honey, pollen
and propolis can exhibit some antioxidant activity.
Propolis samples showed the highest antioxidant activity as well as the total phenolic content. The phenolic profiles of honey and pollen samples were similar. However, t-cinnamic acid, and catechin were
determined in pollens while they were not detected
in honey. In the future, phenolic profiles of honey,
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pollen and propolis may be correlated with treatments of specific diseases such as cancer and ulcer.
Therefore, bee products such as honey, polen and
propolis may be targeted for patients. It was determined that the propolis samples had high levels of
total phenolic and total flavonoid as well as high inhibition effect on urease and hyaluronidase enzymes
(the lowest IC50 value). As a result, bee products
such as honey, pollen and propolis are not only consumed as food but may also be used particularly in
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the pharmaceutical and cosmetic industries as they
are strong enzyme inhibitors and have a rich natural
antioxidant activity. In conclusion, this report if
propolis, a natural bee product, is consumed more
than other bee products these are honey and pollen it
can be thought that many diseases may prevent neurodegenerative, peptic ulcer, gastric cancer and gout
diseases and also aging.

TABLE 3
Phenolic acid content of honey, pollen and propolis samples
μg (phenolic compound)/ g sample

B.H.1
B.H.2
B.H.3
O.H.1
O.H.2
C.H.1
C.H.2
R.H.1
R.H.2
H.H.1
H.H.2
B.P.1
B.P.2
C.P.1
C.P.2
C.Pro.1
C.Pro.2
O.Pro.1
O.Pro.2

Gallic
acid
n.d.
n.d.
n.d.
6.23
6.00
1.01
1.10
0.04
0.21
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
70.02
75.06
n.d.
n.d.

B.H.1
B.H.2
B.H.3
O.H.1
O.H.2
C.H.1
C.H.2
R.H.1
R.H.2
H.H.1
H.H.2
B.P.1
B.P.2
C.P.1
C.P.2
C.Pro.1
C.Pro.2
O.Pro.1
O.Pro.2

Epi
catechin
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

Vanillic
Caffeic
Proto
p-OH
Catechin
acid
acid
catechuicacid
benzoic acid
17.16
1.31
n.d.
n.d.
n.d.
11.40
0.49
n.d.
n.d.
n.d.
12.16
1.05
n.d.
n.d.
n.d.
4.21
0.10
n.d.
n.d.
4.96
4.00
0.45
n.d.
n.d.
3.54
8.20
16.35
n.d.
n.d.
8.56
6.36
19.08
0.21
n.d.
13.45
n.d.
9.01
n.d.
0.32
4.44
0.20
2.40
n.d.
n.d.
0.33
21.65
28.02
22.04
n.d.
n.d.
22.78
27.68
20.08
n.d.
n.d.
n.d.
0.33
46.21
n.d.
n.d.
n.d.
0.41
44.23
n.d.
n.d.
n.d.
n.d.
50.87
n.d.
n.d.
n.d.
n.d.
57.03
n.d.
n.d.
45.08
120.03
n.d.
280.05
2222.89
43.70
128.90
n.d.
290.10
2008.45
n.d.
n.d.
n.d.
n.d.
4987.00
n.d.
n.d.
n.d
n.d.
2989.59
μg (phenolic compound)/ g sample
p-coumaric
Ferulic
Daid
t-cinnamic
Rutin
acid
acid
zein
acid
1.65
0.49
n.d.
n.d.
n.d.
0.84
0.11
n.d.
n.d.
n.d.
1.51
0.40
n.d.
n.d.
n.d.
2.62
3.03
13.41
n.d.
0.96
2.50
3.07
26.71
n.d.
n.d.
5.43
1.45
2.68
n.d.
1.42
5.89
0.60
2.50
n.d.
1.21
n.d.
0.83
n.d.
n.d.
0.21
n.d.
n.d.
0.89
n.d.
0.32
3.08
n.d.
n.d.
n.d.
0.24
3.14
n.d.
n.d.
n.d.
0.56
12.04
22.00
n.d.
n.d.
2.10
13.05
22.03
n.d.
n.d.
2.06
6.56
n.d.
16.04
n.d.
n.d.
4.35
n.d.
17.88
n.d.
2.09
1550.74
2789.64
30.29
210.25
50.20
1098.65
1368.80
57.27
101.43
60.25
760.04
1010.18
3220.21
323.80
n.d.
865.08
3000.43
1700.44
n.d.
n.d.

Syringic acid
n.d.
n.d.
n.d.
n.d.
n.d.
0.30
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
107.26
145.89

Luteolin
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

*n.d.: not detected, *B.H.: Buckweat honey, O.H.: Oak honey, C.H.: Chestnut honey, R.H.: Rhodondendron honey, H.H.: Heather honey, B.P:
Buckweat pollen, C.P.: Chesnut pollen, C.Pro.1.: Chesnut propolis, O.Pro.: Oak propolis
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RESPONSE OF WATER RESOURCE TO FUTURE CLIMATE
SCENARIOS IN SONGHUA RIVER HARBIN SECTION,
CHINA
Zhe Li, Li Wang*, Fang Ma
State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China

It is closely related to human existence, which not
only affects the hydrological cycle process, but also
changes the living environment of human beings and
other creatures [3]. Climate change has a significant
impact on water resources. Assessing the impact of
climate change on water resources has been a global
research hotspot. Many experts have done special research on it. At present, study of the impact of future
climate change on water resources in the basin is
usually achieved by coupling the climate model with
the hydrological model [4, 5]. First, climate models
are used to predict future climate change in the assumption scenarios and to simulate meteorological
factors required by hydrological models. Meteorological factors output by the climate model should be
downscaling processing because the climate models
have a low spatial resolution. Using the meteorological factors directly without downscaling will bring
biggish error to hydrological model. Commonly
used downscaling methods include the statistical
downscaling model (SDSM) and dynamical
downscaling model (RCM)[6-8]. After downscaling
processing of these meteorological factors, the processed data can be used to drive the hydrological
model to simulate the future water resources in the
basin.
The Soil and Water Assessment Tool (SWAT)
has been proved to be an effective tool to study the
influence of environmental change on hydrology and
water resources [9, 10]. SWAT is a hydrologic
model developed by the United States Department of
Agriculture, Agricultural Research Service (USDAARS) [11, 12], which is a semi-distributed hydrological model based on the physical process. It is used
to simulate the physical processes of water cycle in
the basin, mainly used to simulate and forecast the
long-term effects of climate change, land use and agricultural management measures on the water, sediment and chemical nutrients [13].
In this study, the study area was Songhua River
Harbin Section (SRHS), which was one of the most
important commodity grain bases in the country. Climate in this region has become warmer and drier in
the past half century [14, 15]. It is important to find
how climate will impact on flow across the basin.
Previous studies in this area mostly focused on the
change law in the past [16]. There is little research

ABSTRACT
To improve the scientific management capacity
of water resources in Songhua River Harbin Section,
SWAT model was used to simulate the hydrology
change in the mid and late 21st Century. Results
show that SWAT model performed good for both the
calibration and validation periods. Three Global Climate Model (GCMs) in scenario SRES A1B were
chosen as the future Climate Scenarios. Multi-year
mean temperature in the mid and late 21st Century
of three GCMs was all significantly increased. Precipitation in mid 21st Century was increased for Canadian Centre for Climate Modelling and Analysis
(CCCMA) and Model for Interdisciplinary Research
on Climate (MIROC). Precipitation in late 21st Century was all increased for all the three GCMs. Due to
the change of temperature and precipitation, flow in
CCCMA and Geophysical Fluid Dynamics Laboratory (GFDL) show a downward trend in future,
GFDL has the most reduce rate. The flow of GFDL
will be reduced to 1256m3/s and 1342m3/s in mid
and late 21st Century respectively. Possibility of
flow reduction in future will lead to the shortage of
water resources. Therefore, the study area was divided into low, medium and high area according to
their ability to provide water resources. Different areas can make more reasonable water arrangement.
This study predicts the changes of water resources in
future. The results provide technical guidance for the
regional water resources management and utilization.

KEYWORDS:
Future climate scenarios, GCM, SWAT, Flow, Songhua
river

INTRODUCTION
Global greenhouse gas has led to a temperature
increasing in the middle and late 20h Century all
over the world [1]. Precipitation, land climate and
hydrological cycle system have also affected by the
greenhouse effect [2]. Climate change has become
the focus of the international scientific community.
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on the impact of future weather on hydrology. The
objective of this study was to find out the changing
trend of temperature, precipitation in the SRHS basin; and explore the flow response to future climate
scenarios.
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Model parameterization and data sources.
For parameterization of the SWAT model in the
study area, significant amounts of data and information were required as follows:
Digital elevation model (DEM) was from International Scientific & Technical Data Mirror Site,
Computer Network Information Center, Chinese
Academy of Sciences with 90-meter resolution.
Soil map was from Cold and Arid Regions Sciences Data Center at Lanzhou with 1000-meter resolution.
Land-use map was from Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences with 1000-meter resolution.
Climate data of daily precipitation, temperature, relative humidity, wind speed and solar radiation were from The China Meteorological Assimilation Driving Datasets for the SWAT mode
(CMADS) [19, 20] between 2008 and 2014.
Flow data was from Harbin hydrology and water resources survey station between 2008 and 2014.

DATA AND METHODS
Study area. SRHS locate at the middle reaches
of Songhua River, with a range of 124°2'E-128°3'E,
45°9'N-46°57'N. The total length of Songhua River
Harbin Section is about 65.05km. The basin belongs
to the temperate continental monsoon climate, which
has a large seasonal variation of precipitation and
flow. The average annual precipitation increases
from 400mm in the west to 750mm in the east [17].
SRHS is sensitive to global climate change due to its
high-latitude location [18].

),*85(
/RFDWLRQRI65+6

),*85(
0DSRI65+6
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Many countries have developed their own climate models in CMIP3. According to the previous
studies, three GCMs were selected as follows, Canadian Centre for Climate Modelling and Analysis, the
third generation coupled global climate model
(CCCMA CGCM3.1) [28] from Canada, Geophysical Fluid Dynamics Laboratory (GFDL CM2.0) [29,
30] form America, Model for Interdisciplinary Research on Climate(MIROC3.2) [31] from Japan. All
the three GCMs have a good performance in Asia
[32].
As for Songhua River Harbin Section was a
concentrated farming area, the emissions scenario
was set as SRES A1B. A1B is a moderate emissions
scenario for greenhouse gases belongs to one of the
A1 scenarios. In the A1 scenario, economy had a
rapid growth and the global population decline in the
middle of 21 Century with technology continues to
develop. A1B emphasizes the balanced utilization of
energy under the sustainable development [33].

Model set-up. SWAT was used for simulation
of monthly flow. As the data was from 2008 to 2014,
2008-2009 was set up as a warm up period to minimize the effects of the uncertainty relating to initial
conditions in water balance. 2010-2012 were used
for the calibration and 2013-2014 were used for validation [21].
The study watershed was delineated into 25
sub-basins. Then the sub-basins were further divided
into 346 Hydrological response units (HRUs) after
repeated tests. HRUs were defined by 5%, 5% and
10% threshold values for land use, soil, slope, respectively, which was recommended by Winchell et
al. [22].
The Soil and Water Assessment Tool Calibration and Uncertainty Analysis Program (SWATCUP) [23, 24] was used for calibration.
Model performance. Percent bias (PBIAS),
the coefficient of determination (R2), and Nash-Sutcliffe efficiency (NSE) are used to evaluate SWAT
model performance [25, 26].
The performance rating of flow is summarized
in Table 1.

RESULTS
Calibration and validation of SWAT. SWAT
had many parameters to run the model. The most
sensitive parameters were selected for calibration
and validation. The five most sensitive parameters
are CN2, ALPHA_BF, GWQMN, SOL_AWC and
SOL_K [34, 35].
Parameters were changed systematically to
match the simulated data with the observed data.
Monthly flow was used for calibration and validation.

Future climate data processing. The
downscaled global climate model simulations
(CMIP3) were developed by The Nature Conservancy
for
The
World
Bank
(http://cmip.tamu.edu/cmip). Temperature and precipitation were provided from CMIP3 directly while
relative humidity, wind speed and solar radiation
were generated by the Weather Generator in SWAT.
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Calibration

Validation
),*85(
5RIFDOLEUDWLRQDQGYDOLGDWLRQRIPRQWKO\IORZ

),*85(
&DOLEUDWLRQDQG9DOLGDWLRQRIIORZ

),*85(
,QFUHDVHRIPXOWL\HDUPHDQWHPSHUDWXUHRIWZRIXWXUHVFHQDULRV
R2 was 0.7725 in calibration period and 0.8152
in validation period. Figure 4 shows the results of R2
in calibration and validation.
NSE was 0.76 in calibration period and 0.74 in
validation period. PBIAS was 1.42% in calibration
period and -0.61% in validation period. Compared
with the model performance ratings in Table 1, the
results showed that SWAT model was good to simulate flow in Songhua River Harbin Section. Figure
5 shows the results of calibration and validation for
the monthly flow.

Temperature and Precipitation changes in
future scenarios. According to the meteorological
data, two periods of 21st Century were chosen as the
representatives. 2046-2060 and 2085-2099 represent
the mid and late 21st Century respectively. 20082014 were set as a base period.
Figure 6 shows the changes of the multi-year
mean temperature in the study area. The increase of
multi-year mean temperature is compared with the
mid 21st Century, the late 21st Century and the base
period.

6870

© by PSP

Volume 27 ± No. 10/2018 pages 6867-6875

Fresenius Environmental Bulletin

While in the late 21st Century, precipitation has
larger changes relatively. CCCMA has increased the
most precipitation, reaching 248mm. Linear regression is used to analysis the trend of precipitation. Results show that both the trend of increase and decrease are not significant.

The results show that different GCMs patterns
have different output, but all temperature indicators
increased in the two future periods of the 21st Century. The increase in the late 21st Century is higher
than the increase in the mid 21st Century. The
growth of multi-year mean temperature for
CCCMA, GFDL and MIROC are 2.12°C, 2.54°C
and 0.65°C respectively in mid 21st Century. While
in late 21st Century, the growth are 3.48°C, 3.81°C
and 2.06°C respectively. Linear regression is used to
analysis the trend of temperature. Results show that
all the three GCMs in two periods have a significant
increase.
Figure 7 shows the changes of the multi-year
mean precipitation in the study area. The multi-year
mean precipitation is compared with the mid 21st
Century, the late 21st Century and the base period.
The results show that precipitation of CCCMA
and MIROC increase in both mid and late 21st Century. Precipitation of GFDL has a decrease in mid
21st Century but has an increase in late 21st Century.
Overall, precipitation of the three GSMs do not
change much in the mid 21st Century. CCCMA has
increased the most precipitation, reaching 158mm.

Flow changes in future scenarios. Figure 8
shows the changes of the multi-year mean flow in the
study area. The multi-year mean flow is compared
with the mid 21st Century, the late 21st Century and
the base period.
CCCMA and GFDL show a downward trend in
future and MIROC show a upward trend in future.
GFDL has the most reduce rate. The flow of GFDL
will be reduced to 1256m3/s and 1342m3/s in mid
and late 21st Century respectively.
According to Figure 9, flow of CCCMA in mid
21st Century exceeded the base line in May and
June. Flow of MIROC in mid 21st Century exceeded
the base line in March, April, May and July. All the
other months in mid and late 21st Century have a
lower flow than the base line.

),*85(
3UHFLSLWDWLRQLQGLIIHUHQWSHULRGV

),*85(
0XOWL\HDUPHDQIORZLQIXWXUHSHULRGV

),*85(
7KHDQQXDOIORZRIWKUHH*&0VLQIXWXUH
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and allow specific recommendations for agriculture,
forest management [37]. In the future water resources planning, more attention should be paid to
the rational allocation of water resources.
Two GCMs show a downward trend in future.
The possibility of runoff reduction in the future scenario is great. According to the above situation,
SRHS is divided into low, medium and high area according to their ability to provide water resources
[38]. Low water resource area should carry out the
soil and water conservation, such as returning farmland to forest. Medium water resource area should be
mainly planted with dry land crops and reduce paddy
field cultivation. High water resources area should
mainly rely on planting paddy fields, which can
make full use of regional water resources for natural
irrigation.

In the base line period, wet season flow from
April to September account for 71.6% of the whole
year. While in the mid 21st Century, wet season flow
of CCCMA, GFDL and MIROC account for 65.3%,
60.8% and 63.1% respectively. In the late 21st Century, wet season flow of CCCMA, GFDL and MIROC account for 57.4%, 52.5% and 56.7% respectively.

DISCUSSION
Results of Calibration and Validation were both
at a good level which was not the best performance
rating. Parameter sensitivity analysis used Global
Sensitivity method in SWAT-CUP. SUFI2 was chosen as algorithm. The initial results of calibration and
validation were both at a very good level but some
parameters were out of its actual physical meaning.
Therefore, manual tuning was used after the SWATCUP, and the final result declined slightly to the
good level.
In the future scenarios, the flow of two GCMs
shows a decreasing trend. This is mainly because
there is no significant increase of precipitation, but
with the increase of temperature, surface evapotranspiration is exacerbated. The result is similar with
author He Yanhu [36]. His conclusion was in the
Dongjiang basin, temperature increased significantly, evaporation and sunlight decreased strongly,
while precipitation showed a nonsignificant increase.
The Songhua River is an important water
source in Harbin City. In the future scenario, two
GCMS flow reduction is more obvious, which will
increase the shortage of water resources. It will seriously restrict the economic and social development
of the region and the protection of the ecological environment. A better understanding of the changing
properties of future hydrological situation will
greatly benefit humans and ecosystems in the region

CONCLUSIONS
SWAT model is used to investigate changes of
hydrology to future climate scenarios in SRHS. Results show the SWAT model performed good for
both the calibration and validation periods. NSE was
0.76 in calibration period and 0.74 in validation period. PBIAS was 1.42% in calibration period and 0.61% in validation period.
Multi-year mean temperature in the mid and
late 21st Century of three GCMs was all significantly
increased. Precipitation in mid 21st Century was increased for CCCMA and MIROC. Precipitation in
late 21st Century was all increased for all the three
GCMS. Due to the change of temperature and precipitation, flow in two GCMs show a downward
trend in future, GFDL has the most reduce rate. The
flow of GFDL will be reduced to 1256m3/s and
1342m3/s in mid and late 21st Century respectively.
Flow reduction in future will lead to the shortage of water resources. Therefore, the study area was
divided into low, medium and high areas according
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[8] )RZOHU+-%OHQNLQVRS67HEDOGL&  
/LQNLQJ FOLPDWH FKDQJH PRGHOOLQJ WR LPSDFWV
VWXGLHV UHFHQW DGYDQFHV LQ GRZQVFDOLQJ
WHFKQLTXHV IRU K\GURORJLFDO PRGHOOLQJ ,QW -
&OLPDWRO
[9] :RQ . &KXQJ (6 &KRL 68  
3DUDPHWULF $VVHVVPHQW RI :DWHU 8VH
9XOQHUDELOLW\ 9DULDWLRQV 8VLQJ 6:$7 DQG
)X]]\ 7236,6 &RXSOHG ZLWK (QWURS\
6XVWDLQDELOLW\%DVHO
[10] 6HWHJQ 6* 5D\QHU ' 0HOHVVH $0
'DUJDKL % 6ULQLYDVDQ 5   ,PSDFW RI
FOLPDWHFKDQJHRQWKHK\GURFOLPDWRORJ\RI/DNH
7DQD %DVLQ (WKLRSLD :DWHU 5HVRXU 5HV 
:
[11] *DVVPDQ 3: 5H\HV 05 *UHHQ &+
$UQROG -*   7KH VRLO DQG ZDWHU
DVVHVVPHQW WRRO +LVWRULFDO GHYHORSPHQW
DSSOLFDWLRQV DQG IXWXUH UHVHDUFK GLUHFWLRQV 7
$VDEH
[12] $ERXDEGLOODK $ 2XHVODWL 2 'H *LURODPR
$0/R3RUWR$  0RGHOLQJWKH,PSDFW
RI &OLPDWH &KDQJH LQ D 0HGLWHUUDQHDQ
&DWFKPHQW 0HUJXHOOLO 7XQLVLD  )UHVHQ
(QYLURQ%XOO
[13] *DVVPDQ 3: 6DGHJKL$0 6ULQLYDVDQ 5
 $SSOLFDWLRQVRIWKH6:$70RGHO6SHFLDO
6HFWLRQ2YHUYLHZDQG,QVLJKWV-(QYLURQ4XDO

[14] /L )3 =KDQJ *; ;X <-  
6SDWLRWHPSRUDO YDULDELOLW\ RI FOLPDWH DQG
VWUHDPIORZ LQ WKH 6RQJKXD 5LYHU %DVLQ
QRUWKHDVW&KLQD-+\GURO
[15] 0LDR&<<DQJ//LX%<*DR</L6/
 6WUHDPIORZFKDQJHVDQGLWVLQIOXHQFLQJ
IDFWRUVLQWKHPDLQVWUHDPRIWKH6RQJKXD5LYHU
EDVLQ 1RUWKHDVW &KLQD RYHU WKH SDVW  \HDUV
(QYLURQ(DUWK6FL
[16] :DQJ6-:DQJ<-5DQ/66X7  
&OLPDWLF DQG DQWKURSRJHQLF LPSDFWV RQ UXQRII
FKDQJHVLQWKH6RQJKXD5LYHUEDVLQRYHUWKHODVW
 \HDUV   1RUWKHDVWHUQ &KLQD
&DWHQD
[17] :DQJ < :DQJ 3 %DL <- 7LDQ =; /L
-:6KDR;0XVWDYLFK/)/L%/  
$VVHVVPHQW RI VXUIDFH ZDWHU TXDOLW\ YLD
PXOWLYDULDWHVWDWLVWLFDOWHFKQLTXHV$FDVHVWXG\
RI WKH 6RQJKXD 5LYHU +DUELQ UHJLRQ &KLQD -
+\GUR(QYLURQ5HV
[18] /L)3=KDQJ*;;X<-  $VVHVVLQJ
&OLPDWH&KDQJH,PSDFWVRQ:DWHU5HVRXUFHVLQ
WKH6RQJKXD5LYHU%DVLQ:DWHU6XL
[19] 0HQJ;<:DQJ+/HL;+&DL6<:X
+--L;1:DQJ-+  +\GURORJLFDO
0RGHOLQJLQWKH0DQDV5LYHU%DVLQ8VLQJ6RLO
DQG:DWHU$VVHVVPHQW7RRO'ULYHQE\&PDGV
7HK9MHVQ

to their ability to provide water resources. Different
areas can make more reasonable water arrangement.
Low water resource area is used as soil conservation.
Medium water resource area is used as dry land agricultural areas. High water resources area is mainly
used for water conservation and planting in paddy
fields.
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,PSURYHG &OLPDWH 6LPXODWLRQ E\ 0,52&
0HDQ6WDWHV9DULDELOLW\DQG&OLPDWH6HQVLWLYLW\
-&OLPDWH
[32] 3DUN0-+D5.LP1:/LP.-.LP
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*XDQJGRQJ 3URYLQFH XVLQJ LQGLYLGXDO DQG
LQWHJUDWHG FOLPDWH LQGLFHV ,QW - &OLPDWRO 

[38] )UDQFHVFRQL:6ULQLYDVDQ53HUH]0LQDQD
( :LOOFRFN 63 4XLQWHUR 0   8VLQJ
WKH6RLODQG:DWHU$VVHVVPHQW7RRO 6:$7 WR
PRGHOHFRV\VWHPVHUYLFHV$V\VWHPDWLFUHYLHZ
-+\GURO

[20] 0HQJ ;< :DQJ +   6LJQLILFDQFH RI
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'DWDVHWVIRUWKH6:$70RGHO &0$'6 RI(DVW
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ERGLHV IRU XVH LQ HQYLURQPHQWDO ULVN
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&KDQJHV LQ )XWXUH &OLPDWH 6FHQDULRV$ &DVH
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new way to solve regeneration questions of high-polymer-bearing wastewater media. However, the axial
dynamic backwashing time mainly adopts hydraulic
backwashing time based on the gravity field [9, 10],
which is leading to large deviation in practical application. Therefore, the establishment of theoretical
time of axial dynamic backwashing method under
the action of complex field has a guiding significance for its popularization and application.
In this paper, the backwash effluent concentration is used as the research object, the backwashing
mathematical model is established, and then the theoretical backwashing time is analyzed and discussed.

ABSTRACT
There are problems such as poor regeneration
and low filtration efficiency for Deep bed filter in
oilfield, this study will load the swirl field into media
hydraulic backwashing process, a new method of the
axial dynamic backwashing media regeneration is
put forward. The axial dynamic backwashing process based on the complex field is studied, to take oil
contaminants as a research object in the main working zone, and the mathematical model is established.
The parameters of the model are solved, and the control equations of the axial dynamic backwashing are
established. The theoretical backwash time is determined, which is 9-12 min. The comparison of theoretical and experimental results shows that the theoretical model of axial dynamic backwashing is correct and the theoretical backwash time is reasonable.

MATERIALS AND METHODS
Experimental Configurations. Experimental
setups consisted of axial dynamic backwashing filter, water tank, backwashing pump and flow meter.
The structure size of axial dynamic backwash filter
LV ĳ î P WKH ILOWUDWLRQ EHG filled withĳ1.6mm walnut shell, and the depth of media is 1.2
meter. The volume of water tank is 1.8m3. The schematic experiment is shown in Figure 1.

KEYWORDS:
Axial dynamic backwashing, filtration, theoretical backwashing time, mathematic model

INTRODUCTION

Water Sample and Analytic Method. The experiments were carried out in oily wastewater treatment station in Daqing Oilfield. The oil concentration of wastewater is 50.0-150.0mg/l, and is determined by spectrophotometry at 430nm.

Walnut shell media has excellent oil-water separation performance [1-3], and it is widely used in
oilfield wastewater treatment [4, 5]. However, with
the popularization and application of polymer flooding technology in oilfield, the viscosity of
wastewater increases, the rheological characteristic
becomes worse and the adhesion between oil and
walnut shell media is enhanced. Traditional AutoShell [6] and Hydromation [7] backwashing mode
can not make the media regenerate effectively, leading to filter media pollution, a decreasing filtration
efficiency and other issues, which make the quality
of oilfield injected water or wastewater discharge exceed standards seriously.
The study will load the swirl field into hydraulic backwashing process based on gravity field, a
new method of the axial dynamic backwashing process is put forward [8]. Which mainly achieve effective regeneration of media by the complex role of
swirl field and gravity field. Which will provide a

Description of Axial Dynamic Backwashing
Process. The backwashing is to wash the filter media
layer with larger reverse flow, making the media bed
reach the state of controlled fluidization. The axial
dynamic backwashing is the process of hydraulic
backwashing under the combined field. In the backwashing process, A mixture containing the media
makes the internal circulation flow in the space and
is subjected to an alternate effects of gravity field
and complex field, which strengthens the collision
and friction between media particles, and then
achieve media backwashing regeneration in situ. At
the same time, the centrifugal action of swirl flow
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1 Axial dynamic backwashing filter; 2 Water tank; 3 Backwashing pump; 4 Flow meter
FIGURE 1
Flowchart of axial dynamic backwashing experiment

Backwashing water flow into the zone constantly,
and mixes with oil contaminants continuously, finally, the backwashing wastewater containing oil
contaminants flow out of the main working zone,
and thus the contaminants was eliminated from the
main working zone. The volume V of the main working zone is obtained through experimental and theoretical analysis, and proportional to the effective
length of the dynamic separation zone. Mathemati-

field is beneficial to the separation and removal of
backwashing wastewater.
Assumptions: (1) While backwashing, the
backwashing water mixes with the oil contaminant
immediately and completely, after enters the main
working zone. (2) At time t, the concentration of oil
contaminant is uniform and stable in the main working zone. (3) There is no short-circuit phenomenon
in the main working zone. (4) To simplify the model
calculations, it is assumed that the oil contaminant
are not excluded until the maximum concentration is
reached in backwashing process. The error is eliminated by increasing removal contaminant amount
before 1min on the basis of total accumulated contaminant amount.

cally can be expressed as: V 0.3065hSD .
The effective length h of the dynamic separation
zone is 1m in experimental model, and yields an expression given by equation (1):
2

V

0.3065SD 2

(1)

Boundary Conditions. When backwashing
starts, the total amount of accumulated oil in the
main working zone is m1 /g, the oil concentration of
backwashing water is C0JP-3, the volume of main
working zone is V/m3,the backwashing time is t/s,
the backwashing intensity is q /L·s-1·m-2,the diameter of the main working zone is D/m, the flowrate of
backwashing influent is Q/ m3·s-1, the internal circulation flowrate is jQ/ m3·s-1, and the oil separation
HIILFLHQF\LQG\QDPLFVHSDUDWLRQ]RQHLV; X 

Axial Dynamic Backwashing Controlling
Factor. Axial dynamic backwashing is a complex
process that involves the detachment of contaminants which adhered to the media surface and the removal of backwashing wastewater. These two processes are not independent and interact with each
other. which are controlled by two independent parameters²the backwashing intensity and time. The
two process of detachment and wastewater removal
is simultaneous under the action of complex field,
but the removal process is affected by many factors,
so the removal of backwashing wastewater is a controlling factor.

The Foundation of Mathematical Model.
When the backwashing time is t, the amount of oil
contaminants is m in the main working zone. In the
given time interval [t,t+dt], the amount of oil contaminants flowing into the main working zone is

The Main Working Zone of Axial Dynamic
Backwashing. The main working zone is the place
of mass transfer in axial dynamic backwashing process, whose shape is approximately cylindrical with
the dynamic separation zone as the center.

C0Qdt,and thus the oil concentration is

m  C 0 Qdt
V

in the zone. Meantime, the internal circulation
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Q

k

m+C Qdt
V

Qdt

0

jQ

jQ

(j+1)Q
m+C Qdt
V
0

C

0

V

Qdt

Q

FIGURE 2
The mass balance diagram at time interval dt in the main working zone

Integration of equation (3) and substitution of
the value of the constant of integration obtained from
the boundary condition of m = m1, when t = 0, results
in the following expression:

mixing liquid flows into the dynamic separation
zone with the total flowrateδ1+jε·Q together with
the backwashing water, the amount of oil contaminants is
(m  C 0 Qdt )
(1  j )
Qdt in the zone, and thus the
V
amount of oil contaminants eliminated from the
main working zone at time interval dt is
(1  j )  X  (m  C0 Qdt )
Qdt . Let k=δ1+jε·X, hence

m

V

m
Q2
dt  kC 0
(dt ) 2
V
V

Q

k V t

(4)

Both sides of the equation (4) simultaneously
divided by the volume V, the oil concentration of
main working zone C can be expressed as,

C

WKHUH DUH N according to the physical meaning.
Then the amount of oil contaminants flowing out
from the main working zone can be expressed as
m  C 0 Qdt
Qdt . The mass balance diagram at time
k
V
interval dt in the main working zone is shown in Figure 2.
To take oil contaminants as a research object in
the main working zone, the oil mass balance is as
follows:
The change amount dm of oil contaminants =
The amount of oil contaminants flowing into the
main working zone -The amount of oil contaminants
flowing out the main working zone
m  C 0 Qdt
dm C 0 Qdt  k
Qdt
V
From which
dm C 0 Qdt  kQ

C0V  (m1  C0V )e

C0  (

Q
m1
k t
 C0 ) e V
V

(5)

2
Substitution of equation (1), Q SD q and

4000

t=60T in equation (6) would yield the following expression:
we get the relationship between the backwashing effluent concentration C and the backwashing
time T
30

C


kqT
m1
C0  (
 C 0 )e 613
2
0.3065SD

(6)
It is easily seen that the comprehensive separation factor k is dependent on the mixing characteristics of main working zone and oil separation efficiency X. According to instantaneous oil concentration changes curve in different backwashing time,
we assume that comprehensive separation factor is
N DW WKH EDFNZDVKLQJ WLPH EHWZHHQ 7 PLQ
comprehensive separation factor is k1 at the backZDVKLQJ WLPH EHWZHHQ 7 PLQ FRPSUHKHQVLYH
separation factor is k2 at the backwashing time beWZHHQ7PLQFomprehensive separation factor
is k3 DWWKHEDFNZDVKLQJWLPHEHWZHHQ7PLQ$F
cording to different k value, equation (6) can be expressed by equation (7).

(2)

2
At infinitely small dt , kC 0 Q (dt ) 2 is the
V
m
higher order infinitesimal of kQ dt about dt. IgV
noring the terms there will be the following differential equations:
dm
Q
(3)
 k m C0Q
dt
V
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m1

C

 C a )T
(
a
°
2
S
0
.
3065
D
°
30

k 0 q (T 1)
m1
°
613
C
e
)
C0  (

0
°
0.3065SD 2
30
°

q >k 0  k1 (T  2 ) @
m1
°
613
C0  (
C
e

)
®
0
0.3065SD 2
°
30

q >k 0  2 k1  k 2 (T  4 ) @
m1
°
613
C
C
e


(
)
0
0
°
0.3065SD 2
°
30

q >k 0  2 k1  3 k 2  k 3 (T  7 ) @
m1
613
°C  (
C
)
e

0
0
°
0.3065SD 2
¯

0  T d1
1d T d 2
2dT d 4
4dT d7
T !7

(7)
curve between the oil concentration of instantaneous
effluent and backwashing time. After the integral operation, the amount of accumulated oil contaminant
m1 is 1727.81g during the filtration period.

RESULTS AND DISCUSSION
Backwashing Intensity q and Comprehensive Separation Factor k. The backwashing intensity q is a constant that does not change with time,
the definition is the backwashing flowrate per unit
filtration area in L·s-1·m-2. q is 9.2L·s-1·m-2 in this
study. The comprehensive separation factor k is a parameter related to the separation efficiency x in dynamic separation zone and the internal circulation
flowrate Q. Because the process of dynamic backwashing is more complex, the comprehensive separation factor k is difficult to solve theoretically. It is
determined by the measured concentration of effluent in different backwashing time based on inverse
method.

Solving Comprehensive Separation Factor
k. When m1 =1727.81g, C0 JP-3, D= 0.4m,
q /V-1P-2. with this condition, the expression
for k0, k1, k2 and k3 can be evaluated as presented in
equation (8).
C  15
613

k0 
ln
°
276(T  1) 11205.59
°
C  15
613
°
k 0  k1 (T  2) 
ln
°
276
11205
.59
®
° k 0  2k1  k 2 (T  4)  613 ln C  15
°
276 11209.59
C  15
613
°
°¯k 0  2k1  3k 2  k 3 (T  7)  276 ln 11205.59

The Concentration of Effluent in Different
Backwashing Time during Backwashing Experiment. When bacNZDVKLQJLQWHQVLW\LV/V-1P-2,
the independent experiments is carried out many
times. Its relationship between the mean oil concentration of instantaneous effluent and backwashing
time is shown in Table 1.

(1  T d 2)
( 2  T d 4)
4dT d7
T !7

(8)
Separation Factor k0. Substitution of T=2min
DQG& JP-3 in the first term of equation (8)
would yield the value k0=0.95. This contradicts with
the physical meaning of the comprehensive separation factor k. It is mainly because the assumption
condition of instantaneous complete mixing can not
be fully satisfied in the backwashing initial stage.

The Amount of Accumulated Oil Contaminant m1 during Backwashing Experiment. According to the physical meaning, the amount of accumulated oil contaminant for filtration bed m1 is the
product of backwashing flowrate and graphical area,
which enclosed by the time axis and the relationship

Separation Factor k1. Substitution of T=3min,
& JP-3 and k0=0.95 ; T=4min,C = 1164.4
JP-3and k0=0.95 respectively in the second term of
equation (8) would yield the mean value k1= 2.02.

TABLE 1
The oil concentration of instantaneous effluent in different backwashing time
Backwashing time T
(min)
The mean oil concentration of effluent C
(PJ/-1)

0

1

2

3

4

5

7

9

12

15

391.4

11204.8

7306.1

2900.9

1164.4

626.7

198.6

113.5

72.0

49.4
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Separation Factor k2. Substitution of T=5min,
& JP-3, k0=0.95 and k1=2.02; T=7min, C=
JP-3, k0=0.95 and k1=2.02 respectively in the
third term of equation (8) would yield the mean
value k2= 1.389.

Usually the time is taken as the theoretical
backwash time T* to remove more than 99.0% contaminant [11].
The Total Virtual Amount of Accumulated
Oil m*. According to the assumptions, the total virtual amount of accumulated oil m* is the sum of the
amount of accumulated oil contaminants m1 and the
removal amount of contaminant before 1min m0.

Separation Factor k3. Substitution of T=9min,
C = 113.5gm-3, k0=0.95, k1=2.02 and k2=1.389;
T=12min, C = 72.0 gm-3, k0=0.95, k1=2.02 and
k2=1.389 respectively in the fourth term of equation
(8) would yield the mean value k2= 0.577.
This contradicts with the physical meaning of
the comprehensive separation factor k. It is mainly
because the oil concentration of main working zone
is lower before the backwashing end, the assumption
condition of instantaneous complete mixing can not
be fully satisfied.
At last, Substitution of k0=0.95, k1=2.02, k2
=1.389 and k3=0.577 in equations (7) would yield
the following expression:

C

m1

 C a )T
Ca  (
°
0.3065SD 2
°
57

q (T 1)
m1
° C (
 C 0 )e 1226
0
2
°
0.3065SD
30
°

q ( 2.02T 3.09 )
m1
°
613

)
C
e
® C0  (
0
2
0.3065SD
°
30

q (1.389T  0.566 )
m1
°
613


(
)
C
C
e
0
0
2
°
0.3065SD
°
30

q ( 0.577 T  5.118 )
m1
°C  (
 C 0 )e 613
0
2
°
0.3065SD
¯

The Removal Amount of Oil Contaminant
Before 1min m0. The removal amount of contaminant before 1min m0 is the product of backwashing
flowrate and graphical area, which enclosed by the
time axis EHWZHHQ 7 PLQ DQG WKH relationship
curve between the oil concentration of effluent and
EDFNZDVKLQJWLPHEHWZHHQ7PLQ7KHPDWKH
matical expression is shown as:
m0

K*

K

0

m1
)
0.3065SD 2
400

3SD 2 q (C a 

(10)
1dT d 2
2dT d 4
4dT d7
T !7

The Total Virtual Amount of Accumulated
Oil m*. According to its definition, it is easily seen
that,
m1
3SD 2 q(Ca 
)
*
0
.
3065
SD 2
m m1  m0 m1 
400
(11)
The Accumulated Oil Contaminant RePRYDO5DWHȘ(1) When backwashing time 0 <T<1,
the oil concentration of instantaneous effluent increases constantly during backwashing, the oil conWDPLQDQWUHPRYDOUDWHȘ*can be expressed as.
 :KHQEDFNZDVKLQJWLPH7WKHRLOFRQ
centration of instantaneous effluent decreases gradually during backwashing, the oil contaminant rePRYDOUDWHȘLVHDVLO\VHHQWKDW.
From equation (9) - (13), the relationship between the contaminant removal rate Ș and backwashing time T is shown as follows:

Determination of Theoretical Backwashing
Time. The theoretical backwashing time is defined
as the time interval from the backwashing start to
end. For the backwashing process of depth bed, it is
time required to remove all of accumulated oil contaminant in bed. Ș is defined as the accumulated contaminant removal rate, and is the ratio of the amount
of contaminants removed to the total amount of accumulated contaminants.

T

m
ª
º
³0 60 u «¬Ca  ( 0.30651SD 2  Ca )t »¼Qdt
1

0  T d1

(9)

³

Fresenius Environmental Bulletin

m1
ª
º
60 u «Ca  (
 Ca )t »Qdt
2
0
.
3065
S
D
¬
¼
m1  m0

3m1  0.9195SD 2Ca
3SD 2Ca
qT 2 
qT
112.6
200
m1  (0.0266m1  0.00684SD 2Ca ) q

7 (12)
3m1  0.9195SD 2 C a
3SD 2 C a
q 
q
m1  C  V
112.6
200

2
m1  m 0
m1  (0.0266 m1  0.00684SD C a ) q
7) (13)
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(14)







Theoretical curve of oil concentration



Measured curve of oil concentration



Theoretical remvoval rate
Measured removal rate































FIGURE 3
Comparison of the theoretical and experimental curves in different backwashing time
Model Validation and Theoretical Time Determination. When the backwashing intensity q is
9.2L·s-1·m-2, the model is analyzed and validated, by
comparing the theoretical and measured relationship
curves (oil concentration of effluent or the oil contaminant removal rate) with respect to backwashing
time.

C

400  10061.498T

57
q (T 1)

°
1226
15
10446
.
498
e

°
30
q ( 2.02T 3.09 )

°
® 15  10446.498e 30613
q (1.389T  0.566 )

°
613
°15  10446.498e 30
q ( 0.577T  5.118 )

°
613
¯15  10446.498e

0  T d1
1dT d 2
2dT d 4
4dT d7
T !7

(15)

Theoretical Oil Concentration of Effluent
and Removal Rate. The oil concentration of influent C0 IRUJP-3, the oil concentration of effluent
Ca IRUJP-3 when backwashing starts. After the
integral operation, the amount of accumulated oil
contaminant m1 is 1610.92g during the filtration period. Substitution of C0 JP-3, Ca JP-3,
m1 = 1610.92g, D=0.4m and q= 9.2L·s-1·m-2 in equationsδ9εand (14) respectively would yield the following expression.

 0.1882T  0.01374T
°
 0.4277T  0.4277
°°0.9992  0.7972e
 0.9095T 1.3913
® 0.9992  0.7972e
°0.9992  0.7972e  0.6254T  0.2549
°
°¯ 0.9992  0.7972e  0.2598T  2.304
2

K

0  T d1
1d T d 2
2dT d 4
4dT d7
T !7
(16)

The Calculation of Experimental Oil Removal Rate. The experimental oil removal rate ȘR is
defined as the ratio of the removal amount of oil contaminants to the total virtual amount of accumulated
oil contaminants m*. According to the relationship
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between experimental oil concentration of effluent
and backwashing time, the experimental oil removal
rate ȘR is easily seen that:

KR


3SD 2 q(C a  CT )
°
400
°
u 100%
0 dT d1
3SD 2 q(C a  CT )
°

m
1
°
400
®
3SD 2 q(C a  C1 )
°
 m1  0.3065SD 2 CT
° m0  m1  CT V
400
u 100% T ! 1
° m m
3SD 2 q(C a  C1 )
1
0
°
m1 
400
¯

(18)
The Final Theoretical Time Determination.
The theoretical and experimental curves (oil concenWUDWLRQ RI HIIOXHQW & DQG RLO UHPRYDO UDWH Ș  ZLWK
backwashing time T are plotted on a biaxial chart,
the results are shown in Figure 3.
Can be seen from Fig.3, the theoretical and experimental curves (whether oil concentration of effluent C or RLOUHPRYDOUDWHȘ are in good agreement.
The theoretical removal rate was only slightly higher
than the experimental removal rate when backwashing time is 15 min. It is mainly because most of the
accumulated oil contaminants have been removed
before the end of backwashing, the complete mixing
assumptions can not met due to mixing non-uniformity and short-circuit. When the backwashing
time reaches 9min, the removal rate of accumulated
oil is more than 99%. Further, by comparing theoretical with experimental result, we conclude that the
model calculation results are correct, backwashing
time of 9-12min is consistent with the actual result.

Fresenius Environmental Bulletin

backwashing operation / g·m-3, through experimental statistical analysis, Ca = 300~500 g·m-3; C0²
The oil concentration of backwashing water (JP-3);
CT²The experimental oil concentration of effluent
when backwashing time is T min; D²The diameter
of the main working zone (m); h²The effective
length of the dynamic separation zone (m); k ²
Comprehensive separation factor related to separation efficiency X; m1²The total amount of accumulated oil contaminants in main working zone when
the backwashing start (g) ; q ² the backwashing intensity (L·s-1·m-2); Q ²The backwashing flowrate
(m3·s-1); T²backwashing time(min); V²The volume of the main working zone (m3).
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OPINIONS AND PRACTICES OF TURKISH PRODUCERS ON
THE USE OF CHEMICAL INPUTS: THE CASE OF YUREGIR
PLAIN-TURKEY
Muge K Davran*, Burhan Ozalp
Department of Agricultural Economics, Faculty of Agriculture, University of Cukurova 01330 Adana, Turkey.

substituted for domestic seed species. However, the
higher level of productivity obtained with the use of
hybrid seeds in comparison to domestic seeds has
become dependent on the use of chemical pesticides
against pests and plant diseases on one hand and
chemical fertilizer on the other [1,2]. The use of
hybrid seeds and chemical pesticides and fertilizers
is vital for the success of intensive farming. From
this perspective, 10 dominant companies in the
world control 75.3% of the seed market, 94.5% of
the pesticide market and 41% of the fertilizer market [3]. Thus lies the foundations of a widely foreign-input based agricultural industry and causes
unfavourable price structure for producers [4,5]
which is reflected in product-input parities. While it
was possible to buy 1.69 kg of fertilizers for 1 kg of
wheat in Turkey in 2002, the same figure was 1.27
kg in 2014. Similar decrease in product-input parities have been observed for many different products
including corn, sunflower, paddy, cotton, milk and
red meat [6]. Intensive farming based on the wide
use of inputs has not only increased costs but has
also caused many other problems including water
pollution, soil erosion, pesticide residues and development of plant diseases resistance to chemicals
[5]. Summarily, while intensive farming provided
an increase in productivity in the short term, it has
caused negative effects on human and environmental health in the long run [4,7,8,9,10].
In the 1990s, intensive farming started to be
questioned for its negative environmental, economic and social impacts, which in turn created a search
for alternative practices that would transform agriculture into a more sustainable industry [11]. The
debates that started in the 1990s remained topical
until the 2000s when the negative effects of intensive farming on nature and its life-threatening effects on both human and other living creatures
through the food chain began to attract as much
attention as industrial or urban pollution sources
[12]. All of these developments have brought to the
fore WKHWRSLF³sustainable farming´ which has been
suggested as an alternative to the intensive farming
model.
The notion of sustainable farming is an approach targeted at ensuring a balance between agronomic, environmental, social and economic dimensions of agricultural production. In addition to

ABSTRACT
The use of hybrid seeds, chemical fertilizers
and pesticides in intensive farming became widespread after the Green Revolution. While it generated increased productivity in the short term, intensive farming has caused negative effects on human
and environmental health in the long run. As a
result, sustainable farming has been proposed as an
alternative to intensive farming even though intensive farming practices continue to be dominant
among producers as a form of production. In this
study, face-to-face interviews were conducted on
114 farmers in Yuregir Plain, Adana province,
Turkey. For data analysis, chi-square statistic in
SPPS software was used. The results of the study
showed that 67.5% of producers favoured the use of
excessive amounts of chemical fertilizers which
damages the soil, while 86.8% favoured the use of
excessive amounts of chemical pesticides which
damages human and environment health. The chisquare independence test did not reveal any correlation between the opinions of producers on the use
of chemical fertilizers and pesticides and the use of
chemical inputs. This study therefore highlights that
SURGXFHUV¶ awareness about the negative impact of
using excessive chemical inputs on human and
environmental health do not prevent them from
continuing intensive agricultural production with
chemical inputs.

KEYWORDS:
Chemical Fertilizer, Chemical Pesticide, Chi-Square,
Environment, Turkey

INTRODUCTION
After the Green Revolution started in Mexico
in 1940 and became widespread in the 1960s, this
form of agricultural production entered into a new
phase. The Green Revolution made intensive farming a major means to provide increased revenues
through high productivity, instead of the environmental-friendly traditional farming. With the advent
of the Green Revolution, highly productive hybrid
seeds developed by agricultural corporations were
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chemical fertilizer use rose by 22% [20] therefore
indicating an increase in the amount of chemical
fertilizer used per unit area. This situation deserves
evaluation from the point of human and environmental health.
Agricultural pest control involves various
methods, one of which is chemical control, that is
the use of pesticides. Although chemical pest control is only one of the methods used for agricultural
pest control, it is by far the most used when compared to other methods [21]. It is common
knowledge that the wide use of chemical pesticides
in modern farming causes side effects, harms flora
and fauna and pollutes both underground and surface waters. Probably, the most important problem
with chemical pesticides use is that there is no reliable information about the concentration and stage
at which they enter into the food chain. As an example, farm animals consume and digest plants
contaminated by chemical pesticides, after which
pesticide residues move LQWRWKH³JXW´EDFWHULDDQG
UHPDLQ LQ WKH DQLPDOV¶ ERGLHV 6LQFH these animals
are subsequently consumed as food by people, it
must be considered that there is a possibility for
these chemicals to accumulate in the human body
(particular for children) [22]. Presently, the human
and environmental health risks posed by pesticides
have been seriously evaluated in developed countries. While they continue to use pesticides in a
conscious and controlled manner, they have also
taken steps to restrict or even totally stop the use of
dangerous/toxic pesticides [21]. In Turkey, although there is an expansion in the areas where good
agricultural practices stipulating restricted use of
chemical inputs are applied, their share in the total
amount of agricultural areas is scarce [6]. While the
negative effects of chemical pesticides are well
known, their use is still the dominant method of
pest and disease control in Turkish agriculture.
Ertürk et al. [23], reported that 55.8 and 77.9% of
producers opined that chemical pesticides damage
both the environment and human health, respectively.
These developments and reasons make it clear
that it is necessary and important to raise the level
of SURGXFHUV¶ consciousness about the problems
caused by excessive and wrong use of inputs in
agricultural production. The fact that there are numerous studies covering several topics on human
and environmental issues, the use of chemical inputs, sustainable farming and organic farming
[17,21,5,24,16,25,23,19,26,4,10], it is important to
sustain the actuality of the subject.
The purpose of this study is to reveal the opinions and practices of intensive farming producers in
the Yuregir Plain, the largest delta plain in Turkey,
on the use of chemical inputs with regards to human
and environmental health and provide suggestions
for policy makers.

sustaining the level of productivity, sustainable
farming aims to reduce the negative effects of intensive farming on the environment, keep the economy buoyant both in the short and long term, improve the quality of living for those employed in the
agricultural industry and thus develop practices in
this direction. In order to achieve these goals, production techniques that do not create negative externalities, such as crop rotation, soil improvement
methods and biological control have to be put in
place. In other words, instead of intensive farming
that only seeks productivity and growth, sustainable
agriculture focuses on increasing the capacities of
natural inputs [11,12,13]. Furthermore, policies that
control the risks of chemical use in the European
Union have been introduced since 40% of the agricultural chemicals produced in the European Union
from 2004 to 2013 are harmful to the environment
[8]. This is due to the support policies of China [14]
and Africa [15] on food security which has led to
widespread use of pesticides and fertilizers by
farmers.
The use of chemical fertilizers is one of the
most important factors that determines the level of
fertility and agricultural productivity [16]. However, today, it is well known that the excessive use of
chemical fertilizers without suitable techniques,
causes soil pollution. Specifically, the excessive and
unsuitable use of nitrogen and phosphorus fertilizers, though providing some advantages, affects the
physical and chemical structures of soil and causes
pollution and various other problems [12,17]. Parallel to this is the need to restore the ecological balance which has been disrupted as a result of improper practices. The following are therefore suggested to establish a human and environmentfriendly production system: prohibition or restriction of unconscious and excessive use of pesticides; ensuring fertilizer application is done at the
appropriate time, place and amount; preference for
organic and green fertilizers; soil protection and
reclamation; utilization of natural methods of pest
and weed control and; improving product quality
and output. Finally, upon soil analyses, the application of organic or chemical fertilizers and soil improvers should be done in order to achieve the expected level of productivity [18]. However, the
application of chemical fertilizers is still seen to be
done in an unconscious manner. In a study by Güldal [19], 33.5% of agricultural enterprises that
carried out soil analyses preferred to use fertilizers
based on the results of the analyses. On the other
hand, a joint study in 2017 [4] revealed that the
average amount of fertilizers used by corn producers in Adana province is higher than the recommended amount. The study by <ÕOPD] HW DO. [16]
states that 57.14% of producers prefer to use higher
amounts of chemical fertilizers to improve productivity. However, while the total cultivated area
reduced by 14% in Turkey between 2002 and 2015,
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FIGURE 1
Map of Turkey showing the study area. (a) Adana Province; (b) Yuregir Plain.
MATERIALS AND METHODS

Favourable ecological conditions and irrigation are not the only reasons for increased productivity and production in the area; the use of quality
seeds, intensive pest control and high level of
mechanization and fertilizer use are also among the
important factors. In addition, the study area is one
of first places in Turkey where modern agricultural
technologies were gradually put into intensive use
[29] hence it was chosen as the area of study.

Materials. Primary and secondary data were
used in this study. Primary data were collected
through face-to-face interviews with the administration of questionnaires, while domestic and international researches and information from related institutions were used to collect secondary data.
Method. Method Applied in Sampling. The
study area consists of selected villages located in
the Yuregir Plain (Figure 1). Yuregir Plain was
chosen as the study area because it is the largest
delta plain in Turkey, formed by the Seyhan and
Ceyhan rivers on an area of 125,000 hectares
[27,28].
In Turkey, irrigated farming practices first
started and is most intensively practiced in Yuregir
plain. The total area used for irrigation farming
gradually increased after the Seyhan Dam was built
on the Seyhan River in 1956. The Lower Seyhan
Plain irrigation project significantly expanded irrigated areas [29]. In this well-irrigated area (enriched by the alluvium carried by the Seyhan,
Ceyhan and Berdan Rivers), highly diverse agricultural crops can be cultivated due to favourable ecological conditions hence, productivity levels are
generally higher than the average figures in other
areas in Turkey and even many developed countries
[30].

Data Analyses. Primary data were collected
through face-to-face interviews of 114 registered
irrigation farmers. In Turkey, producers have to be
registered with Irrigation Unions to practice irrigation farming. There are 63 villages and 10 Irrigation
Unions in the Yuregir Plain. During the meetings
held with the District Directorate of Agriculture in
Yuregir, Adana, 33 villages were identified to be
intensively engaged in agricultural activities. Personal interviews were conducted on 10 producers
registered with each irrigation union and at least 3
producers from each of the 33 villages included in
the study. Producers were randomly selected using
the simple random sampling technique. However,
for accuracy and reliability, voluntary producers
were preferred.
The data collected were analysed by the SPSS
software. Frequency and percentage of the analysed
data were obtained. In addition, cross tables were
formed between the attitudes of producers towards
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The structure of agricultural production.
The monthly average income of the producers was
determined as 9,570.18 TL.1 US Dollars is equal
to 3.8 Turkish Liras (TL) [34]) 59.7% of the producers had monthly incomes of between 7,000 and
9,000 TL and average land size of 237.89 decares.
According to the last General Agricultural Census
(GTS) of 2001, the proportion of Turkish agricultural enterprises with a total area of 100 decares or
less was 84.3%, while the average land size was 61
decares [32]. Average land size in the study area
seems to be larger when compared to the national
average.
In the study area, the major crops cultivated
were wheat (46.5%), soybean, corn and cotton,
followed by vegetables (2.1%) and horticultural
plants (16.7%). The study shows that 15.8% of the
producers cultivated more than one crop. In the
research conducted by 'D÷OÕR÷OX [33], the proportion of corn, wheat and oilseed producers in the area
was found to be 44.4%, while vegetable and horticultural plant producers were 11.2 and 27.4%, respectively.

chemical fertilizer use and the level of education
they received for using chemical inputs, and between their attitudes towards chemical pesticide use
and the education they received for using chemical
inputs. Chi-Square independence test was used to
determine the correlation between two categorical
variables in the cross tables. Chi-square test is used
to evaluate the existence of independence. For the
purposes of the test, a two-sided table (contingency
table) formed by arranging the observation results
REWDLQHGIURPDVDPSOHJURXSZLWKDYROXPHRI³Q´
based on the two qualitative variables was used.
7KH³5´URZVRIWKHFRQWLQJHQF\WDEOHDUHDOORFDWHG
WR WKH FDWHJRULHV RI RQH YDULDEOH ZKLOH ³&´ FRlumns are allocated to the categories of the other
variable (R×&  2Q WKH RWKHU KDQG ³REVHUYHG IUeTXHQFLHV´ were entered in the cells located on the
intersection points of rows and columns. In the chisquare independence test, hypotheses are defined as
follows [31]:
H0: There is no correlation between the variables.
H1: There is correlation between the variables.
In the chi-square test performed to determine
the correlation between the attitudes of producers
towards chemical fertilizer use and the education
they received for chemical input use, since the proportion of cells with an expected value of <5 in the
total number of cells was under 20% in the cross
table (two-sided table), the test result was evaluated
based on the Pearson chi-square significance level.
However, the chi-square test performed for the
correlation between the attitudes of producers towards the use of chemical pesticides and the education they received for use of chemical inputs, since
the proportion of cells with an expected value of <5
in the total number of cells was over 20% in the
cross table and the expected minimum value was
<5, the test result was evaluated based on the FishHU¶V exact test significance level. In the study, the
significance level for accepting or rejecting the H0
hypothesis was 0.05.

Use of Agricultural Inputs. Use of Fertilizers. The results showed that producers had used
chemical fertilizers for nearly 28 years. 77 (67.5%)
producers opined that excessive use of chemical
fertilizers could damage the soil (Table 1).
TABLE 1
Attitudes of Producers towards the Use of
Chemical Fertilizers
Statement

Attitude
Yes
No
N %
n %

I
use
excessive
amounts of fertilizers
77 67.5
and it damages the
soil

37 32.5

Total
n %
114 100.0

A similar result was reported by Özalp and
Güldal [4] whose study was carried out on corn
producers. In their study, corn producers widely
acknowledged that the chemical fertilizers they use
causes soil damage, reduces soil productivity,
harms useful living creatures in the soil, pollutes
underground and surface waters and exerts negative
effects on human health. In another study conducted
by Gençler [24], the producers were asked if they
thought that chemical fertilizers were harmful to
human health, crops and the environment and
60.5% of them were in the affirmative.
The fact that more than half of the producers
in the study considered the amount of fertilizers
they use excessive and harmful to soil makes it
more important to determine whether soil analyses
were carried out to determine the amount of fertilizer required. When reviewed from this perspective,
81 producers (71.1%) had carried out soil analyses.

RESULTS AND DISCUSSION
Sociodemographic
Information.
While
93.9% of the producers in the research population
were male and 6.1% of them were female, their
average age was 49 years. Minimum and maximum
values of experience in farming among the producers were 5 and 50 years, respectively, with an average value of 30 years. The average years of education among the population was 9 years with 38%
high-school graduates, 34% middle-school graduates and 23% primary-school graduates. only Only
5% of the producers possess a university degree.
The age and years of education in the current study
were found to be in parallel with the results of a
study by Özalp and Güldal in Adana province [4].
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was no correlation between education provided on
the use of inputs and the opinions about excessive
chemical fertilizer use and soil damage (Table 2).

However, 35 producers (43.2%) who carried out
soil analyses did not determine the type and amount
of fertilizer in line with the results of the analyses.
Accordingly, 40.4% of the 114 producers who participated in the study carried out soil analyses while
46.5% used their farming experiences as the basis
for fertilizer application.
In Güldal¶V study [19], it was reported that
33.3% of agricultural enterprises used fertilizers
based on soil analysis results. In the same study,
65.1% of the producers who had soil analyses carried out and 71.4% of the producers who did not
applied fertilizers on the basis of their own experiences. Similarly, Özalp and Güldal [4] revealed that
63.2% of corn producers determined fertilizer types
and amounts based on their previous experiences.
Therefore, these studies showed that most of the
producers do not make fertilizer use and application
decisions based on the results of soil analyses.
In this study, 15.8% of the producers were
shown to be trained in the use of inputs, while the
proportion of producers who opined that the amount
of chemical fertilizers used was excessive and damaged the soil was 67.5%. The chi-square test was
used to determine if there was any relation between
this and the education received. The proportion of
producers who thought that the amount of chemical
fertilizers used was excessive and it damaged the
soil was 83.3% among the producers who received
education and 64.6% among those that did not.
However, the test result was evaluated based on the
Pearson chi-square significance level and H0 was
accepted since 0.119>0.05. It was found that there

Use of Pesticides. The study showed that producers have used chemical pesticides for nearly 27
years. The proportion of producers who opined that
they used excessive amounts of chemical pesticides
which damage human and environmental health
was 86.8% (Table 3).
A similar result was found by Özalp and Güldal [4]. In their study, corn producers widely
acknowledged that the chemical pesticides they use
causes soil damage, reduces soil productivity,
harms useful living creatures in the soil, pollutes
underground and surface waters and causes negative effects on human health. The vast majority of
producers in Bangladesh agreed that the pesticides
they used were harmful to water (approximately
100%), air (75% and more), human (86%) and
agricultural products (41%) [9].
In this study, the way and how pesticide use is
decided by the producers was even more important
since 86.6% opined that the amount of chemical
pesticides used was excessive and it damaged the
environment. From this perspective, the decisionmaking mechanisms of the producers on pesticide
applications were reviewed. Accordingly, 60.5% of
the producers applied pesticides when they encountered diseases or pests, 13.2% when recommended
by publications and 26.3% as a measure. Considering the effect on human and environmental health,
this proportion is significant.

TABLE 2
Correlation between the Attitudes of Producers towards the Use of Chemical Fertilizers and Education on
the Use of Chemical Fertilizers
Education
Yes
No
Total
Chi-square tests

The amount of fertilizer I use is excessive and it damages the soil
Yes
No
N
%
n
%
15
83.3
3
16.7
62
64.6
34
35.4
77
67.5
37
32.5

Pearson chi-square
Continuity correctionb
Likelihood ratio
Fisher's exact test
Linear-by-linear association
No. of valid cases
a

Value

df

2.431a
1.651
2.681

1
1
1

Total
n
18
96
114

Asymp. Sig.
(2-sided)
.119
.199
.102

Exact
sided)

Sig.

.171
2.410
114

%
100.0
100.0
100.0
(2- Exact Sig.
(1-sided)

.096

.121

0 cells (0.0%) have expected count of < 5. The minimum expected count is 5.84.
Computed only for a 2×2 table

b

TABLE 3
Attitudes of Producers towards the Use of Chemical Pesticides
Statement
I use excessive amounts of chemical pesticides
and it damages human and the environment

Attitude
Yes
n

%

No
n

%

Total
n

%

99

86.8

15

13.2

114

100.0
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TABLE 4
Correlation between the Attitudes of Producers towards the Use of Chemical Pesticides and Education on
the Use of Chemical Pesticides
Education
Yes
No
Total
Chi-square tests

I use excessive amounts of chemical pesticides and it damages human and the environment
Yes
No
Total
n
%
N
%
n
15
83.3
3
16.7
18
84
87.5
12
12.5
96
99
86.8
15
13.2
114

3HDUVRQ¶VFKL-square
Continuity correctionb
Likelihood ratio
Fisher's exact Test
Linear-by-linear association
N of Valid Cases
a

Value

Df

.230a
.010
.218

1
1
1

Asymp. Sig.
(2-sided)
.631
.920
.641

Exact Sig.
sided)

.704
.228
114

%
100.0
100.0
100.0
(2- Exact Sig.
(1-sided)

.434

.663

1 cells (25.0%) have expected count less than 5. The minimum expected count is 2.37.
Computed only for a 2×2 table

b

cultural production with the wide use of chemical
fertilizers and pesticides, even though they are
aware of its associated harms and damages. On the
other hand, when a comparison is made with previous researches by Gökçe and Davran [39, 5] the
level of consciousness among producers on the
negative effects of chemical inputs is seen to be
significantly higher in the current study. However,
as Özalp and Güldal states, adoption of a production form that damages human and environmental
health is not caused by the lack of consciousness,
but the following 3 objective conditions [4]:
x The Point of Agricultural Input Markets: Seed, chemical pesticide and fertilizer markets are under the control of transnational companies and they carry out lobbying activities in order
to drive policy decisions of governments in in their
favour.
x The Point of Crop Markets: The market
demand created by agro-industries tends towards
intensive agricultural products.
x The Point of Production and Support
Policies: Production and support policies are geared
towards organic production to meet a certain demand created by individuals who have sufficient
income to purchase organic food, instead of the
macro level and nationwide expansion of sustainable agriculture.
This study includes the following contributions to the three reasons specified above. From the
point of crop markets, the demand for intensive
cultivated agricultural products is created not only
by agro-industry, but also by buyers of other agricultural products. When considered from the point
of production and support policies, it is true that the
government supports sustainable agricultural products in addition to organic products. However, such
support is given on the condition that the agricultural product is included in the certification process.
The fact that many producers in Turkey find the
certification process costly makes it difficult for

In this study, 15.8% of the producers were reported to be trained in the use of inputs, while the
proportion of producers who opined that the amount
of chemical pesticides was excessive and it damaged humans and the environment was 86.8%. The
chi-square test was used to determine if there was
any relation between this and the education received. The proportion of producers who thought
that the amount of chemical pesticides was excessive and it damaged human and environmental
health was 83.3% among producers who received
the education and 86.8% among the producers who
did not received the education. However, the test
result was evaluated based on the Pearson chisquare significance level and H0 was accepted since
0.704 > 0.05. It was found that there was no correlation between education provided on the use of
inputs and the opinions about excessive use of
chemical pesticides and the damage exerted to humans and the environment (Table 4).

DISCUSSION
The debates on the problems caused by intensive farming started in the 1990s and still continues.
While sustainable farming came to the fore as an
alternative, intensive farming is still the dominant
form of agricultural production in Turkey. However, most of the producers in the study area are seen
to widely use chemical fertilizers and pesticides in
agricultural production, even though they are aware
of their harmful effects. In many studies in the
literature, the insensitivity of producers towards
human and environmental health is generally associated to the lack of sufficient education.
[16,35,36,37,19,26]. Hence, it is suggested that the
the amount of studies and education on these issues
be increased. However, both in this study and previous studies [17,5,24,25,23,4,10,38], it has been
reported that producers continue to undertake agri-
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stubble burning is a useful practice, while 73.7% of
them found it useless. In a research conducted in
Adana province [5], the proportion of producers
who considered stubble burning useful was found to
be 47.0%. However, with a circular letter issued in
Turkey in 2006 [43], stubble burning was banned.
For this reason, in order to be able to obtain accurate responses, the producers were not asked if they
personally practiced stubble burning, they were
asked about the stubble burning practices of other
producers in the area. As a result, the producers
stated that other producers in the study area were
burning stubbles and they specified the reason as
the high cost of land preparation and cultivation
without burning stubbles. Based on the figures
given by the producers, the average stubble burning
rate was calculated as 75.5%. Once again, it is revealed that an agricultural practice is adopted because of cost reasons, even when it is acknowledged to be harmful to the environment.

them to implement organic or sustainable agriculture techniques. All these reasons pose as obstacles
to the nationwide expansion of human and environment-friendly agricultural production.
The fact that intensive farming imposes an agricultural production approach that aims to obtain
high income only with high productivity levels,
should encourage producers to use more chemical
inputs by partially ignoring their harmful effects on
human and environmental health. In a Nigerian
study, 91.3% of producers stated that they or their
family members had health problems while using
pesticides or afterwards but they continued to use
pesticides [40].
<ÕOPD] HW DO [16] reported that 57.14% of
producers believe in the advantage of using higher
amounts of fertilizers to improve productivity, and
72.45% of them stated that they would use even
more fertilizers if they could afford it ,Q *OGDO¶V
study [19], 61.90% of the producers who performed
soil analyses and 78.57% of the producers who did
not stated that they would use higher amounts of
fertilizers if their economic situation had been better. On the other hand, in a study by Olhan [17], in
which a comparison was made between producers
performing contract organic farming and traditional
farming in terms of the use of chemical fertilizers, it
was found that 35.6% of the contract organic farmers used chemical fertilizers for products other than
organic crops. Such values should not be ignored
when it is considered that the proportion of the
producers who acknowledged the damages caused
by excessive use of fertilizers, pesticides and hormones on soil, environment and animals, respectively was 77.9%. Therefore, it can be argued that
there are objective reasons that influence producers¶
decisions in this regard. On the other hand,
*HQoOHU¶V VWXG\ [24] showed that some producers
cultivated vegetables using animal manure and
without using chemical pesticides for their own
consumption. In the same study, it was stated that
market-oriented producers gave secondary importance to environmental protection because of
income maximization. In another study [41], the
opinions of producers on whether pesticide residues
were harmful were examined and the results
showed disregard towards the issue. The results of a
previous study by [42] showed that producers actually want to protect nature but were forced to use
pesticides because of economic pressures.
In this study, the environmental sensitivity of
producers was also reviewed from the point of
stubble burning practices, in addition to the use of
chemical inputs. Stubble burning is a widely adopted practice performed after harvesting. Despite its
advantages of making it easier to cultivate the soil,
prevents plant diseases by killing insects and pests
and improving soil productivity, it has negative
effects on the environment [43]. Accordingly,
26.3% of the producers in the study area agreed that

CONCLUSION
In conclusion, this study shows that awareness
of the negative effects of of chemical fertilizers and
pesticides uses in agricultural production on human
and environmental health does not prevent some
practices. This is supported by the fact that no correlation was found between the education received
on the use of chemical inputs and the harms of
chemical inputs. The situation is created by market
demands and objective conditions. In addition,
Özalp and Güldal [4] reported that the free market
theory states that government should not intervene
in markets. However, when human and environmental health are taken into consideration, it is clear
that there is a question of public interest and scarcity of resources. The human and environmental
health problems created by intensive farming is at
the macro level, hence the government should enact
legal regulations that would increase the supply of
and demand for sustainable agricultural products
without intervening in the pricing mechanisms of
the market. The Ministry of Food, Agriculture and
Livestock is a widespread and well-organized agricultural organization. Based on public interest, the
scope of its related publications should be definitely
expanded in order to ensure that sustainable agriculture techniques are learnt, adopted and applied by
producers all over the country. The fact that only
27.8% of the educational works on chemical inputs
are performed by the Ministry clearly reveals the
lack of importance placed on the matter by the
government on the matter. The benefits offered by
cooperatives in both agricultural production and
marketing are well known. Since the problems
created by intensive farming are at the macro level,
the Ministry should make regulations to pave the
way for the establishment and expansion of cooper-
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atives. To provide farming support to producers on
the condition that agricultural production is
achieved on the basis of sustainable agriculture
techniques and production can be considered as a
method of regulation. In addition, sales activities
should be performed through cooperatives. However, considering that cooperatives also provide inputs
suitable for intensive farming, it can be argued that
this structure be modified to the realities of today.
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pesticides residues becomes an important issue globally to protect human health and to minimize the human exposure to hazardous residues which can be
taken by consumers [6, 11, 7, 5, 12]. The residues of
some pesticides might be accumulated in the fatty
tissues in the animals and humans and throughout the
food chain might make their way into the human
body [11, 13, 14, 4, 5].
In the last 15 years, the cancer cases in Jordan
have been increased rapidly. This can be attributed
to several reasons, including the misuse of pesticides
[15, 7, 5, 16]. Therefore, the Ministry of Environment has made agreement with the Ministry of Agriculture for monitoring pesticides residues in different imported and local samples of fruits and vegetables collected from southern parts of Jordan, in 2016
and 2017. However, it is the aim of this investigation
to monitor pesticide residues in imported and locally
collected agricultural crops gathered from four regions in southern parts of Jordan in 2016 and 2017
to make focusing on the use of pesticides, protect citizens and other environmental components from pesticides residues and to improve pesticides regulations in Jordan.

ABSTRACT
240 local and 400 imported crop samples were
gathered from four southern governorates of Jordan
and analyzed for pesticides residues in 2016 and
2017.The results showed clearly that no detected residues for the banned organochlorine pesticides.
Fourteen (5.83%) of the analyzed local samples contained residues more than the maximum residue limits (MRL). 17 samples (7.08%) contained residues
less than the MRL. 209 local samples were free of
pesticides (87.08%). Moreover, three imported crop
samples (0.75%) contained residues more than the
MRL. Five imported samples (1.25%) contained residues less than the MRL. 392 imported samples
(98.0%) did not contain residues. It is recommended
to continue regularly monitoring pesticides residues
in local and imported crops to Jordan to protect citizens, keep the imported crops with restricted monitoring in origin countries and to minimize the misuse
of pesticides.
KEYWORDS:
Pesticides, Residues, Agricultural crops, Monitoring
study, Jordan.

MATERIALS AND METHODS
INTRODUCTION
Local Samples. 240 samples of different fruits
and vegetables were separately and randomly collected from four governorates located in southern
Jordan in 2016 and 2017. The governorates were Tafilah, Karak, 0D¶DQDQG$TDED7KHVDPSOHVL]HZDV
depended on fruit type [1, 11, 5]. The collected samples were separately placed in labeled bags in ice box
and then transferred to the Center for Pesticides
Analysis in the Ministry of Agriculture in Amman,
for residue analysis as soon as possible.

The presence of pesticides residues in agricultural crops in Jordan and everywhere in the world is
of great concern due to the hazardous effect in human beings [1, 2, 3, 4, 5]. In Jordan, monitoring of
pesticides residues in fruits and vegetables and other
environmental components has been regularly carried out through the Ministry of Environment and
Ministry of Agriculture [6, 7, 4, 5, 8, 9, 3]. However,
consumers are highly concerned about organochlorine pesticides residues in agricultural crops, because
many pesticides have been caused and associated
with diseases and cancers for infants and human in
general [10, 11, 8, 9, 3, 6, 7, 4, 3, 2, 12]. Agricultural
practices are generally associated with intensive use
of pesticides to control plant pests. Monitoring of

Imported Samples. 400 samples of different
fruits and vegetables were separately and randomly
collected from imported crops through the different
boarder' centers in 2016 and 2017. These centers
were King Hussein bridge custom, Zarqa free zone
custom, Queen Alia airport custom, Amman custom
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Carrier gas: Argon at constant flow rate of 2
mL/min.
Detector temperature: 300ºC
Injector temperature: 225ºC
Oven temperature: 90ºC
Injection volume: 1 μL

and Northern pass Agricultural Center, Aqaba custom [11]. Sample size and residue analysis were as
in the local samples [1, 11, 5].
Analytical Method. Detection limits and %
recovery. To evaluate the efficiency of the extraction method, blank samples of each type were spiked
with standard solution and treated as mentioned later
in the analytical method. In addition, blank samples
were analyzed for each type of samples. Quality control program was applied through analyzing some
samples in the laboratories of the Royal Scientific
Society; Forensic Research Laboratories; joining Inter-Laboratory Comparison Program organized by
the German GIZ and other analytical programs for
quality assurance. Detection limits and % recoveries
were calculated.

Chemicals, standards, solvents and glass
wares. The following chemicals were used for extraction and clean-up of the analyzed pesticides:
- Anhydrous magnesium sulfate (MgSO4, assay
99%) (Sigma-Aldrich, USA), ached at 500 ºC for 5
hours was carried out before use to eliminate
phthalates and remained of water.
- Acetonitrile (CH3CN, HPLC-grade, assay of
99.8%) (LAB-SCAN analytical science, Ireland).
- Primary Secondary Amine (PSA) sorbent,
with 40-60 μm particle size (Agela Technologies,
USA).
- Acetone (C3H6O, GC-grade, assay 99.8%)
(AVONCHEM, UK).
All used pesticides standards were obtained
from Dr. Ehrenstorfer GmbH (Augsburg, Germany)
with certified purity of > 97%. All organic solvents
XVHG ZHUH RI ³SHVWLFLGHV UHVLGXHV DQDO\VLV JUDGH´.
All glass wares were washed with soap water, distilled water, acetone and then dried in a drying oven
at 80 ºC.

Sample preparation and extraction. The homogenized samples were analyzed according to the
QuEChERS (quick, easy, cheap, effective, rugged
and safe) procedure [7, 17], where ten grams of the
sample were weighed in 50 mL polypropylene centrifuge tube. After that 10 μL of the internal standard
mixture (0.02 ppm Aldrin and 0.3 ppm ditalimfos)
and 10 mL of acetonitrile were added. Then a buffer
mixture of (4 g MgSO4 + 1.0 g NaCl + 1.0 g Na3Citrate. 2H2O + 0.5 g Na2HCitrate. 1.5H2O) was added
and the tube was closed. The samples were shaken in
a vortex for 1 min and centrifuged at 4500 rpm for 1
min.

RESULTS AND DISCUSSION

Sample clean-up. 1 mL of the upper acetonitrile layer was transferred into 10 ml centrifuge tube
containing 25 mg PSA as sorbent and 150 mg anhydrous MgSO4, then it was vortexed for 30 s, as a final
step the centrifuge tube was centrifuged at 3000 rpm
for 5 min. The extract was transferred into a 2 mL
GC vial. Since acetonitrile is not compatible with
NPD detector, it was replaced completely with acetone after flushing with nitrogen gas, and then the
volume was adjusted to 2 mL with acetone. After
that samples were analyzed with GC-NPD.

In this study, two hundred forty local and four
hundred imported fruits and vegetable samples were
analyzed for pesticides residue.
TABLE 1
Number of analyzed local samples contained
pesticides residues in agricultural crops in southern Jordan in 2016 and 2017.
Total
analyzed
samples
240

Used gas chromatography-apparatus. In this
study different GC-apparatus were used as follows:
a GC-NPD. HP-5 capillary column 25 m, 0.32
mm i.d., and 0.52 μm film thickness.
Inlet mode: Splittless mode
Carrier gas: Helium at constant flow rate of 2
mL/min.
Detector temperature: 300ºC
Injector temperature: 225ºC
Oven temperature: 90ºC
Injection volume: 1 μL
Hydrogen flow: 2.5 mL/min

Number
of samples
without
residues
209

Number
of samples
contained
< MRL
17

Number
of samples
contained
> MRL
14

Local samples. Table 1 shows that 17 local
samples contained pesticides residues but less than
the Maximum Residue Levels (MRLs), representing
7.1% of the whole analyzed samples. 14 analyzed local samples contained residues more than the MRL
(Table 1), representing 5.8% of the samples. 209 analyzed local samples did not contain residues (Table
1), representing 87.1% of the total samples. Alawi et
al [11] found the highest percentage of local samples
containing pesticides residues more than the MRL
was 4% in 1993/1994 study in Jordan. They also
found that the highest percentage of local samples
containing residues less than the MRL was 23.5% in
2000/2001 study in Jordan. Jallow et al [18] detected

b GC-ECD. HP-5 capillary column 30 m, 0.32
mm i.d., and 0.25 μm film thickness.
Inlet mode: Splittless mode
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this governorate. Four analyzed contaminated samples contained cypermethrin from the pyrethroid
group with concentration more than the MRL in tomatoes, sweet pepper and parsley. Alawi et al. [11]
in Jordan reported pesticides residues of cypermethrin have been found in local crop samples. It was
also reported similar results for another study in Jordan [5, 15].

pesticides residues above the MRL in 20% of the analyzed local crop samples in Kuwait.
Table 2 shows the detected pesticides in local
crops collected from four governorates in southern
Jordan in 2016 and 2017. Fourteen samples contained pesticides residues more than the MRL, in different crops collected from the four governorates in
south Jordan in 2016 and 2017. Ten of these contaminated samples contained chlorphenapyr pesticide.
This pesticide has been recently banned from use on
all crops in Jordan due to its residues which appeared
regularly in analyzed samples in the last five years.
Six of the ten contaminated samples with chlorphenapyr were tomatoes. This cash crop is very common in use in cooking or fresh eaten locally and being exported abroad causing problems. Al-Antary et
al. [5] reported the occurrence of chlorphenapyr residues in several crops in Jordan. Ditya et al. [19]
found that the half live of chlorphenapyr in chili,
cabbage and soil were 2.93 to 4.06 days according to
rate of application. This pesticide also reported its
residues in cucumber, sweet pepper and garlic.
Seven contaminated samples with chlorphenapyr
were collected IURP 0D¶DQ JRYHUQRUDWH UHSUHVHQW
ing 50% of the analyzed contaminated samples with
residues more than the MRL, indicating the necessity
for intensive inspection on agricultural practices on

Imported samples. Table 3 shows the analyzed imported crop samples collected from different
boarder customs in 2016 and 2017. Only three samples contained pesticides residues more than the
MRL (Table 3), representing 0.75% of the whole imported samples. Five analyzed imported crop samples contained residues less than the MRL (Table 3),
representing 1.25% of the whole imported samples.
392 samples did not contain residues, representing
98.0% of the total imported samples. Alawi et al.
[11] reported the highest percentage of imported
samples containing residues more than the MRL
They were 0.5% of the total samples in 2000/2001
study. They added that the highest percentage of imported samples containing residues less than the
MRL was 15.2% in 1999/2000 study. Wessel and
Yess [20] in USA reported that the use of pesticides
in food production is current subject for congressional debate and legislative reform.

TABLE 2
Local samples containing pesticides residues
Sample Type

Sampling Location

Pesticide Found

Lemon
Tomato
Tomato

Karak
0D¶DQ
0D¶DQ

Tomato
Tomato
Tomato
Tomato
Tomato
Tomato
Tomato
Tomato
Hot pepper
Hot pepper
Hot pepper
Hot pepper
Hot pepper
Cucumber
Hot pepper
Cucumber
Parsley
Hot pepper
Green beans
Green garlic
Ssweet pper
Tomato
Grapes
Grapes
Courgette
Lettuce
Tomato
Tomato

0D¶DQ
Karak
Karak
Karak
Karak
Aqaba
Aqaba
Aqaba
Karak
Karak
0D¶DQ
Karak
Karak
Tafila
Tafila
Tafila
0D¶DQ
0D¶DQ
0D¶DQ
0D¶DQ
0D¶DQ
0D¶DQ
0D¶DQ
Karak
Karak
Karak
Karak
0D¶DQ

Chlorpyrifos
Chlorphenapyr
Chlorphenapyr
Cypermethrin
Cypermethrin
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Cypermethrin
Chlorphenapyr
Cypermethrin
Cypermethrin
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Cypermethrin
Cypermethrin
Cypermethrin
Chlorphenapyr
Cypermethrin
Chlorpehenapyr
Cypermethrin
Ȝ-Cyhalothrin
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr
Chlorphenapyr

*MRL according to Codex Alimentarius
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Concentration
(mg/kg)
0.008
0.200
0.032
0.200
0.300
0.008
0.009
0.009
0.062
0.007
0.003
0.100
0.746
0.100
0.172
0.013
0.008
0.040
0.200
0.030
4.600
6.00
0.460
0.030
0.300
0.260
0.040
0.004
0.003
0.003
0.005
0.002

MRL
(mg/kg)*
1.00
0.01
0.01
0.20
0.20
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.50
0.01
2.00
2.00
0.01
0.01
0.01
0.01
2.00
0.70
0.50
0.01
0.70
0.01
0.50
0.20
0.01
0.01
0.01
0.01
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TABLE 3
Number of analyzed samples contained pesticides residues in imported agricultural
crops to Jordan in 2016 and 2017
Total analyzed
samples
400

Number of samples without
residues
392

Number of samples contained
< MRL
5

Number of samples contained
> MRL
3

TABLE 4
Imported samples containing pesticides residues
Sample Type
Grapes
Grapes
Grapes
Grapes

Sampling Location
Lebanon
Lebanon
Lebanon
Lebanon

Grapes

Lebanon

Grapes
Apple
Guava

South Africa
Poland
Egypt

Pesticide Found
Chlorpyrifos
Ȝ-Cyhalothrin
Cypermethrin
Cypermethrin
Deltamethrin
Chlorpyrifos
Ȝ-Cyhalothrin
Cypermethrin
Captan
Cypermethrin

Concentration (mg/kg)
0.031
0.101
0.780
0.540
0.050
0.017
0.070
0.150
0.980
0.360

MRL (mg/kg)*
0.50
0.20
0.20
0.20
0.20
0.50
0.20
0.20
10
0.05

*MRL according to Codex Alimentarius, 2016
Table 4 shows the pesticides residues in agricultural crops imported from different countries in
2016 and 2017. Three samples contained residues
more than the MRL (Table 4). The samples contained cypermethrin from the pyrethroid group in
grapevine (2 samples) imported from Lebanon and
the third one in Guava imported from Egypt. Alawi
et al. [11] found several pyrethroid members including cypermethrin in the imported crops to Jordan.
Rahman et al. [21] in Bangladesh, found that cypermethrin residues were above the MRL when eggplant sprayed at 1 mL/L rate up to 3 days of spraying.
The results showed also that there were no
banned organochlorine pesticides detected in the local and imported crops. This agreed with the work of
Alawi et al. [11] and Al-Antary et al. [5] in Jordan.
In conclusion, there were few samples of local
and imported crops contained pesticides residues
more than the MRL. Furthermore, there was considerable number of analyzed local and imported crops
contained residues less than the MRL. Obviously,
most of analyzed local and imported crops contained
no detectable residues. It is recommended to continue monitoring the pesticides residues in the local
and imported samples to protect citizens from the
residues and to keep the imported crops with restricted monitoring in the origin countries. In addition, pesticides residues data base are needed to help
stakeholders to take the right decisions to regulate
pesticides usage.
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INVESTIGATION OF BACTERIAL FLORA OF THE GREEN
OAK LEAF ROLLER, TORTRIX VIRIDANA L.
(LEPIDOPTERA: TORTRICIDAE)
Nurcan Albayrak-Iskender*
Faculty of Health Sciences, Artvin Coruh University, 08000, Artvin, Turkey

which microorganism contribute to detoxification of
plant allelochemicals in phytophagous insects and
resistance to pathogens. Such studies are also desired
to depict the roles of microorganisms in among-insect communication and the potential value of manipulation of the microbiota to control insect pests
[1].
The green oak leaf roller, Tortrix viridana L.
(Lepidoptera: Tortricidae), is an important pest species which can cause serious damages on oaks especially in Central Europe, Turkey, Russia, Iran and
Azerbaijan. Oaks infested with larval stages of T.
viridana can eventually be completely leafless during pandemic periods. Although such an effect does
not eliminate the high regeneration capacity of oaks,
it has detrimental effects on health of the trees in
general. For instance, trees damaged by T. viridana
are more susceptible to secondary pests and diseases
[2]. Numerous dipteran and hymenopteran chalcidoid and ichneumonoid parasitoids have been used
so far as potential biological control agents against
T. viridana [3,4]. Bacterial based formulations in
which Bacillus thuringiensis was used as the agent
were also applied to achieve successful control of the
pest. B. thuringiensis preparations, known commercially as Thuricide HP, were mixed either with the
synthetic pyrethroid permethrin (Ambush) or with
Dimilin [diflubenzuron] w.p. and were applied from
an aircraft over an oak stand in a forest for biological
control of T. viridana [5,6]. Alternatively, use of a
pheromone trap is another preferable method that
could be used in monitoring studies of this pest [7].
In this study, I focused on determination of bacterial flora inhabiting T. viridana in order to provide
data for developing an alternative effective biological control agent. Although there exist studies carried out in order to keep this harmful pest under control no study with the specific aim of revealing bacterial flora of T. viridana was performed so far. I
conclude that the bacterial floral data presented here
will make great contribution to future works on associations between insects and their microbiota and
will provide an alternative tool to be used in biological control of pest insects.

ABSTRACT
One of the main targets of studies on bacterial
flora of harmful pests is to discover new, effective
and reliable biological control agents against pest
species in question or to show an association between insects and microbiota. This study was performed in order to provide bacterial flora data to be
used in development of effective potential biological
control agents against the green oak leaf roller
Tortrix viridana which is known to be one of the
most significant pests in oak fields over the world
and in Turkey. For this purpose, pupal and larval
stages of T. viridana were collected from oak forests
in Artvin-Turkey and bacterial isolations were perfomed using these stages. VITEK 2 and 16S rRNA
gene sequence analysis showed that the bacterial isolates were Serratia liquefaciens (Tv1), Enterococcus
gallinarum (Tv2), Rhodococcus sp. (Tv3), Rahnella
aquatilis (Tv4), Curtobacterium flaccumfaciens
(Tv5) and Pseudomonas flourescens (Tv6) all of
which were isolated for the first time for the bacterial
flora of T. viridana. Morphological, physiological
and biochemical characteristics of all isolates were
determined. Further studies are needed to test
whether these or other new bacterial isolates have insecticidal effects on T. viridana.

KEYWORDS:
Tortrix viridana, pest, bacterial flora, oak, VITEK 2, biological control.

INTRODUCTION
Microorganisms are known to inhabit insect exoskeleton, gut, hemocoel and various tissue cells and
may improve fitness of their insect hosts by contributing to their nutrition, especially by supplying essential amino acids, B vitamins and sterols. Some
microorganisms protect their insect hosts against
pathogens, parasitoids and other parasites either
through their ability to synthesize specific toxins or
by modifying insect immune system. The priority of
studies focused on insect-microorganism interactions should be clarification of the processes through
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TABLE 1
Some morphological, biochemical and physiological characteristicsa of bacterial isolates.
Isolates
Colony color
Shape
Gram stain
Motility
Catalase test
Oxidase test
Growth in 4% NaCl
Growth in 7% NaCl
Growth in 9% NaCl
Growth at pH 4
Growth at pH 7
Growth at pH 9
a

Tv1
Cream
Rod
+
+
+
+
+
+
+

Tv2
Cream
Rod
+
+
+
+

Tv3
Pinkish- orange
Rod
+
+
nd
nd
nd
+
-

Tv4
Cream
Rod
+
+
+
+
+

Tv5
Orange
Rod
+
+
+
nd
nd
nd
+
+

Tv6
Cream
Rod
+
+
+
nd
+
-

+, positive ; ±, negative, nd; not determined.
PL[WXUHFRQWDLQHGௗ/RI5× Taq DNA polymerase
reaction buffer (Thermo Fisher SCIENTIFIC),
ௗPRO/ RI HDFK GHR[\ULERQXFOHRVLGH WULSKRV
SKDWH G173  ௗSPRO RI SULPHUV ௗ8 RI Taq
DNA polymerase (Thermo Fisher SCIENTIFIC),
ௗPPRO/RI0J&O2 DQGௗ/RIJHQRPLF'1$LQD
final rHDFWLRQ YROXPH RI ௗ/ 7KH 3&5 7
Thermal Cycler, Bio-Rad, Hercules, California,
USA) was performed under the following condiWLRQVௗPLQLQLWLDOGHQDWXUDWLRQDWௗ&F\FOHV
RI GHQDWXUDWLRQ ௗV DW ௗ&  DQQHDOLQJ ௗV DW
ௗ& DQGH[WHQVLRQ ௗVDWௗ& DQGDILQDOH[
WHQVLRQDWௗ&IRUௗPLQ3&5SURGXFWVZHUHDQ
alyzed by electrophoresis in 1% agarose gel and then
visualized under ultraviolet (UV) light by staining
with ethidium bromide. PCR products were sent to a
commercial company for sequencing. The same primer pairs were used for sequencing. The obtained sequences were used for identification of the isolates.
BLAST (Basic Local Alignment Search Tool)
searches were performed using the NCBI (National
Center for Biotechnology Information) GenBank database to confirm the isolate identifications [8].

MATERIALS AND METHODS
Sample collection and bacterial isolation.
Larval and pupal stages of T. viridana were collected
from oak forests in Artvin, Turkey, in May 2013. All
samples were collected in the field in aseptic conditions and immediately transported to laboratory.
Dead and alive larvae were distinguished by macroscopic examinations. All larvae and pupae were surface sterilized in 70% alcohol, washed three times in
sterile distilled water and homogenized in nutrient
broth media (Merck, Darmstadt, Germany) by using
a glass tissue grinder. Suspensions were diluted
(from 10-1 to 10-8) and 0.1 mL aliquots of each suspension were inoculated on nutrient agar containing
plates. The plates were incubated at 30 ºC for 2±3
days and bacterial colonies chosen based on their
colours and colony morphologies were purified by
subculturing on plates containing fresh media.
Identification of bacterial isolates. Bacterial
isolates were identified using routine techniques
considering their morphological (cell morphology,
Gram staining and mobility), biochemical (oxidase
and catalase tests) and physiological properties. The
VITEK 2 analysis system was used in identification
and determination of some biochemical properties of
the isolates.

RESULTS
A total of 6 bacteria were isolated from pupae
and living and dead larvae of T. viridana. The isolates were identified as Serratia liquefaciens (Tv1),
Enterococcus gallinarum (Tv2), Rhodococcus sp.
(Tv3), Rahnella aquatilis (Tv4), Curtobacterium
flaccumfaciens (Tv5) and Pseudomonas flourescens
(Tv6). Half of the isolates were Gram-positive and
half were Gram-negative and none of them formed
spores. All isolates were rod in their morphologies,
4 isolates were motile while 2 isolates were non-motile. The colony colour of 4 isolates was cream while
colonies of the other 2 isolates were orange and pinkish-orange in colour. All isolates grew at pH 7 but
none of them could grow at pH 4. NaCl tolerance test
results showed that 2 isolates grew at 4% and 7%
NaCl concentrations but no growth was observed for

DNA isolation. Bacterial colonies were inoculated into nutrient broth and incubated for approximately 18 h at 30 oC prior to DNA extraction. Bacterial cells were collected from the culture medium
by centrifugation. Genomic DNA was isolated using
a Genomic DNA Purification Kit (Promega) in acFRUGDQFHZLWKWKHPDQXIDFWXUHU¶VUHFRPPHQGDWLRQV.
Polymerase chain reaction (PCR). PCR was
SHUIRUPHGZLWKWKHJHQHUDOEDFWHULDOSULPHUV) ƍAGAGTTTGATCMTGGCTCAG-ƍ DV IRUZDUG 
DQG5 ƍ-GGYTACCTTGTTACGACTT-ƍDV
reverse) (Macrogen, Amsterdam, The Netherlands)
for amplification of 16S rRNA genes. The PCR
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and biochemical characteristics of the isolates were
given in Table 1. Other biochemical characteristics
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of the isolates as revealed by VITEK 2 system were
given in Tables 2 and 3.

TABLE 2
Biochemical characteristics of Gram-negative bacterial isolates (tested with VITEK 2).
Isolate ID
Parameter
Tv1
Ala-Phe-Pro-arilamidase
Adonitol
L-Pyrrlydonyl- arilamidase
+
L-Arabitol
D-Cellobiose
Beta-galactosidase
H2S production
+
Beta-N-acetyl-glucosaminidase
Glutamyl arilamidase pNA
D-Glucose
+
Gamma-glutamyl-transferase
Fermentation/glucose
+
Beta-glucosidase
+
D-Maltose
D-Mannitol
+
D-Mannose
+
Beta-Xylosidase
Beta-Alanine arilamidase pNA
+
L-proline arilamidase
Lipase
Palatinose
+
Tyrosine Arilamidase
Urease
D-Sorbitol
+
Saccharose/sucrose
+
D-Tagatose
D-Trehalose
+
Citrate (sodium)
+
Malonate
5-Keto-D-gluconate
L-Lactate alkalinisation
+
Alpha-Glucosidase
Succinate alkalinisation
+
Beta-N-Acetyl-galactosaminidase
+
Alpha-galactosidase
Phosphatase
Glycine arilamidase
+
Ornithine decarboxylase
Lysine decarboxylase
+
L-Histidine assimilation
Courmarate
+
Beta-glucoronidase
O/129Resistance (comp.vibrio.)
+
Glu-Gly-Arg-Arilamidase
L-Malate assimilation
Ellman
L-Lactate assimilation
a
+, positive ; ±, negative ; (-); almost no growth.
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Tv4
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

Tv6
+
+
+
+
+
-
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TABLE 3
Biochemical characteristics a of Gram-positive bacterial isolates (tested with VITEK 2).
Isolate ID
Parameter
D-Amygdalin
Phosphatidylinositol phospholipase C
D-Xylose
Arginine dihydrolase 1
Beta-galactosidase
Alpha-glucosidase
Ala-Phe-Pro arilamidase
Cyclodextrin
L-Aspartate arilamidase
Beta galactopyranosidase
Alpha-mannosidase
Phosphatase
Leucine arilamidase
L-Proline arilamidase
Beta glucuronidase
Alpha-galactosidase
L-Pyrrolydonyl-arilamidase
Beta-glucuronidase
Alanine arilamidase
Tyrosine arilamidase
D-Sorbitol
Urease
Polymixin B resistance
D-Galactose
D-Ribose
L-Lactate alkalinization
Lactose
N-Acetyl-D-glucosamine
D-Maltose
Bacitracin resistance
Novobiocin resistance
Growth in 6.5% NaCl
D-Mannitol
D-Mannose
Methyl-B-D-glucopyranoside
Pullulan
D-Raffinose
O/129 Resistance (comp. Vibrio.)
Salicin
Saccharose/sucrose
D-Trehalose
Arginine dihydrolase 2
Optochin resistance
a

Tv2
+
+
+
+
+
+
(-)
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Tv3
+
+
+
+
+
+
+
-

Tv5
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+, positive ; ±, negative ; (-); almost no growth.

TABLE 4
Suggested identification of bacterial isolates according to VITEK and 16S rRNA gene sequence and their
similarity index (SIM).
Isolates
Tv1
Tv2
Tv3
Tv4
Tv5
Tv6

VITEK results
Serratia liquefaciens
Enterococcus gallinarum
Kocuria varians
Leclercia adecarboxylata
Unidentified
Pseudomonas flourescens

SIM
(%)
96
99
93
90
99

16S rRNA gene sequence
analysis results
Serratia liquefaciens
Enterococcus mundtii
Rhodococcus sp.
Rahnella aquatilis
Curtobacterium flaccumfaciens
Pseudomonas flourescens

The 16S rRNA partial gene sequences generated in this study have been deposited with the GenBank database under the accession numbers
KX300204, KX300205, MF351746, KX300206,

SIM
(%)
99
98
99
99
99
98

Accesion numbers
KX300204
KX300205
MF351746
KX300206
KX300207
KX300208

and KX300208, respectively. The similarities between isolates ranged between 98%- 99% compared
to other species. Suggested identification of the
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may lead to serious invasive infections although they
are rarely encountered in clinical specimens. This
highlights its major clinical importance since this
species has a particular sensitivity profile among
other Enterococcus species.
Tv3 isolate was found to be similar to Kocuria
varians based on VITEK 2 analysis. However, 16S
rRNA gene sequence analysis results suggested that
this isolate resembled to Rhodococcus sp. (Table 2).
Rhodococcus constitute a diverse group of microorganisms commonly found in many environmental
niches ranging from soil to seawater and are regarded as plant and animal pathogens. Their economic importance has become increasingly apparent since they demonstrate an outstanding ability to
degrade a lot of organic compounds [22]. Rhodococcus includes many species used in practical applications of environmental and industrial biotechnology. These species have a substantial potential for
bioremediation and degradation of toxins in effluents and are used as biosensors to determine xenobiotics [23]. In previous studies in which Rhodococcus
sp. was isolated from Palomena prasina and P.
abietina no insecticidal activity against P. prasina
and a very low mortality against P. abietina larvae
(22.02%) were determined [24, 25].
Tv4 isolate showed 90% similarity to Leclercia
adecarboxylata in the VITEK 2 analysis, but 16S
rRNA gene sequence analysis revealed a 99% resemblance to Rahnella aquatilis. R. aquatilis, widely
found in water and soil environments, is a facultatively anaerobic, nitrogen-fixing and Gram-negative
rod bacterium within Enterobacteriaceae [26, 27,
28]. Several strains of Rahnella were shown to have
antagonistic effects against bacterial plant diseases
[29, 30]. Chen et al. (2007) reported that R. aquatilis
HX2 might be used as a biological control agent for
crown gall disease of grapes [31]. There are reported
cases showing that R. aquatilis is linked to opportunistic bacterial infections in humans [32, 33]. It was
also isolated from different insects such as Saperda
vestita [34], longicorn beetles [35], Dendroctonus
ponderosae [13], Toxoptera aurantii [36], Plagiodera versicolora [37], the Asian Longhorned
Beetle [38] and Dendroctonus valens [39] suggesting that Rahnella species are closely related with insects. The results of some studies showed that the relation between R. aquatilis and insects was not pathogenic [36, 37], but in a special case 93% of larval
mortality in Dendroctonus ponderosae was associated with R. aquatilis [13].
Tv5 isolate was not identified by VITEK 2
analysis but 16S rRNA gene sequence analysis identified it as Curtobacterium flaccumfaciens. Curtobacterium species are known as plant pathogens. C.
flaccumfaciens was reported to be the cause of diseases on a variety of plants and was reported to lead
infection in humans [40]. Endophytic bacteria are
mainly members of the genera Bacillus, Pseudomonas, Xanthomonas, Erwinia and Curtobacterium

bacterial isolates according to VITEK and 16S
rRNA gene sequence results are given in Table 4.

DISCUSSION AND CONCLUSION
Tortrix viridana is one of the most important
pest species in oak fields in Turkey. Although bacterial based preparations are currently used in biological control applications of this species, new bacterial
species associated with this pest species are likely to
be identified and put in general use as alternative
control agents against either T. viridana or other species with pest status. I therefore aimed in the present
study to isolate and identify bacteria associated with
T. viridana. The isolated and identified bacterial species not only will provide a database for further studies on the roles of these bacteria in different stages
of T. viridana development but also might be considered as potential biological control agents.
Tv1 isolate was identified as Serratia liquefaciens according to VITEK 2 and 16S rRNA sequencing. Serratia sp. is a member of the Enterobacteriaceae family. Some members of the genus, S. marcescens, S liquefaciens and S. proteamaculans, are
considered to be significant insect pathogens. S. liquefaciens is an opportunistic pathogen which is able
to inhabit a wide variety of environments such as water, soil, plants, insects, fish, digestive tracts of rodents and humans [9]. S. liquefaciens was isolated
IURP WKH 0H[LFDQ IUXLW À\ Thaumetopoea
pityocampa and from the guts of the silkworm
Bombyx mori and the mountain pine beetle Dendroctonus ponderosae [10, 11, 12, 13]. Egami et al.
(2009) reported that S. liquefaciens Kuo1-1, which
was initially isolated from the ant lion, is highly virulent to B. mori and the American cockroach Periplaneta americana [14].
The results of VITEK 2 analysis showed that
Tv2 isolate is similar to Enterococcus gallinarum
but 16S rRNA gene sequence analysis results revealed that this isolate resembles E. mundtii (99%
and 98%, respectively). E. mundtii is a non-motile
and yellow pigmented species whereas Tv2 isolate is
motile and is not yellow pigmented. Therefore, Tv2
was identified as E. gallinarum. Enterococcus species are widespread from soil to plants and are commensal inhabitants of the gastrointestinal tracts of
humans, mammals, and insects [15]. E. gallianarum
has so far been isolated from several insect species
[16, 17, 18]. Sevim et al. (2010) reported that E. gallinarum (Ags8) was associated with a considerable
mortality value against Agrotis segetum [18]. Motile
enterococci, i.e. E. gallinarum and E. casseliflavus,
rarely occur in human clinical specimens and are primarily found in the gastrointestinal tracts of poultry
animals, in foods and in domestic fowls [19, 20].
Dargere et al. (2002) reported the first case of E. gallinarum endocarditis developing on normal native
heart valves [21]. In conclusion, motile enterococci
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GHSHQGLQJRQEUDQW¶VRDNSKHQRORJ\Türkiye II.
Orman Entomolojisi ve Patolojisi Sempozyumu. Antalya, 46-49.
[3] Cole, L. (1967) A study of the life cycles and
hosts of some Ichneumonidae attacking pupae
of the green oak leaf roller moth, Tortrix viridana (L.) (Lepidoptera: Tortricidae) in England.
T. Roy. Ent. Soc. 119, 267-281.
[4] Horstmann, K. (1984) Untersuchungen zum
Massenwechsel des Eichenwicklers, Tortrix viridana L. (Lepidoptera, Tortricidae), in Unterfranken. Zeit. Ang. Entomol. 98, 73-95.
[5] Svestka, M., Vankova, J. (1980) On the effect of
Bacillus thuringiensis in combination with the
synthetic pyrethroid Ambush on Operophthera
brumata, Tortrix viridana and the insect fauna
of an oak stand. Anz.Schadlingskd. Pfl. 53, 610.
[6] Logoida, S.S. (1990) Effect of bacterial preparations on Tortrix viridana and its entomophages. Zashch. Rast. 7, 32-33.
[7] Ghobari, H., Goldansaz, S.H., Askari, H., Ashouri, A., Kharazi Pakdel, A., Bihamta, M.R.
(2007) Investigation of presence, distribution
and flight period of oak leaf roller moth, Tortrix
viridana (Lep.: Tortricidae) using pheromone
traps in kurdistan province. JESI. 27, 47-59.
[8] Altschul, S.F., Gish, W., Miller, W., Myers,
E.W. and Lipman, D.J. (1990) Basic local alignment search tool. J Mol. Biol. 215, 403-410.
[9] Grimont, P.A.D. and Grimont F. (1978) The genus Serratia. Annu. Rev. Microbiol. 32, 221248.
[10] Martinez, A.J., Robacker, D.C., Garcia, J.A.,
Esau, K.L. (1994) LaboratoU\DQG¿HOGROIDFWRU\
DWWUDFWLRQ RI WKH 0H[LFDQ IUXLW À\ 'LS
tera:Tephritidae) to metabolites of bacterial species. Fla Entomol. 77, 117-126.
[11] Ince, I.A. .DWÕ, H. <ÕOPD], H., Demir, I.,
'HPLUED÷= 2008) ,VRODWLRQDQGLGHQWL¿FDWLRQ
of bacteria from Thaumetopoea pityocampa
Den. and Schiff. (Lep., Thaumetopoeidae) and
determination of their biocontrol potential.
World J. Microbiol. Biotechnol. 24, 3005-3015.
[12] Anand, A.A.P., Vennison, S.J., Sankar, S.G.,
Prabhu, D.I.G., Vasan, P.T., Raghuraman, T.,
Vendan, S.E. (2010) Isolation and characterization of bacteria from the gut of Bombyx mori
that degrade cellulose, xylan, pectin and starch
and their impact on digestion. J. Insect. Sci. 10,
107, 1-20.
[13] Winder, R.S., Macey, D.E., and Cortese, J.
(2010) Dominant bacteria associated with
broods of mountain pine beetle, Dendroctonus
ponderosae (Coleoptera: Curculionidae, Scolytinae). J. Entomol. Soc. Brit. 107, 43-56.

[41] and may have a key role both in protection of
plants against plant pathogens and in the total
productivity of an agricultural ecosystem [42, 43].
Some studies reported that C. flaccumfaciens may
function as a biological control agent against many
pathogens by triggering the induced systemic resistance [44, 45] or by antibiosis [46]. C. flaccumfaciens was isolated by culture-dependent methods
from washings and gut of the Asian longhorned beetle larvae [38] and was found in the bacterial composition of Aedes albopictus populations [47].
The Tv6 isolate was identified as Pseudomonas
flourescens (99%) by both 16S rRNA gene sequencing and VITEK 2 analyses. P. fluorescens is a Gramnegative, obligate aerobic, motile and rod-shaped
bacteria. The role of fluorescent pseudomonads,
known as a plant associated bacterial group, as plant
growth accelerating-biocontrol agents in rhizosphere
arena is well documented [48]. P. fluorescens was
also reported to form biofilms [49, 50]. Several
strains of P. fluorescens were found to have a key
role in bioremediation of heavy metals, pesticides
and phenolics [51, 52]. P. fluorescens was isolated
from various insects including termites [53, 36, 54,
55] and was found to be pathogenic at varying rates
against Agalastica alni (70% and 56% mortality)
[56], against the termites Microcerotermes championi, Heterotermes indicola and Bifiditermes beesoni
(100%mortality) [53] and against Toxoptera aurantii
(50% mortality) [36].
The present study is the first study in which the
bacterial flora of the green oak leaf roller T. viridana
was isolated. A total of 6 bacterial isolates were recovered from the insect samples and VITEK 2 analyses and 16S rRNA gene sequencing identified these
isolates as Serratia liquefaciens (Tv1), Enterococcus
gallinarum (Tv2), Rhodococcus sp. (Tv3), Rahnella
aquatilis (Tv4), Curtobacterium flaccumfaciens
(Tv5) and Pseudomonas flourescens (Tv6). S. liquefaciens, E. gallinarum, R. aquatilis and P.
flourescens isolated in this study were reported to
show insecticidal activities in previous studies [13,
14, 18, 36, 53, 56]. Further studies are required to
investigate the biological control potentials of these
bacteria.
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A PRELIMINARY STUDY ON WHITING (MERLANGIUS
MERLANGUS) BEHAVIOUR TO BOTTOM-SET POT IN THE
BLACK SEA
Ahmet Raif Eryasar*
Recep Tayyip Erdogan University, Vocational School of Technical Sciences, Underwater Technology Program, Rize, Turkey

considered that the negative effects of the fish pots
on the non-target species and habitats are too less.
However, pots have relatively low capture efficiency
for most ground-fish species [4].
Whiting (Merlangius merlangus) is one of the
most important commercial species for Black Sea
fishery and approximately 55% of the whiting
catches are caught in the south-eastern Black Sea region for Turkish waters [5]. Deep gill nets are generally used for whiting fisheries in this area where
bottom trawling is prohibited [6]. Whiting constitutes one of the essential nutrients of dolphins in the
Black Sea. Due to over fishing and decreasing in fish
stocks, interactions between dolphins and deep gill
nets have increased rapidly in recent years, and fishermen are experiencing serious dolphin-inflicted
damage to deep gill nets and captured products [7].
In addition, hundreds of dolphins were reported to be
caught as by-catch each year by means of deep gill
nets on the shores of the Black Sea [8].
The similar problem has been reported for the
Atlantic cod (Gadus morhua) fisheries in the Baltic
Sea. Königson et al. [9] reported that gillnet and
longline fisheries for Atlantic cod have experienced
extensive surges in damage caused by grey seals
(Halichoerus grypus) since around the year 2000.
This problem led to the development of an alternative seal-proof fishing method that encloses the
caught fish in a chamber, which makes it much
harder for the seals to get at the fish than when they
are caught in a gillnet [10, 11, 12]. The collapsible
two-chamber pots developed as alternative to gillnet
and longline for Atlantic cod fisheries in Norway
have been reported to give high catch rates of the target species [13, 14]. However, a preliminary study
was performed on bottom-set Norwegian two-chamber pots tested as alternative to deep gillnet for whiting fisheries in the Black Sea and the catch rate of
this pot was found to be very low (unpublished data).
The effectiveness of baited fishing gears
largely depends upon the behaviour of the target species [15]. However, there has been relatively little research on baited fish pots and quantification of the
behaviour patterns that are critical to exploit in the
fish capture process [16, 17]. In the present study, it
was aimed to provide a quantitative description of
the behaviour of whiting in and around bottom-set

ABSTRACT
Due to overfishing and decreasing in fish
stocks, interactions between dolphins and deep gill
nets have increased rapidly in recent years for the
Black Sea. Dolphin-inflicted damage to fishing gear
and catch losses have increased along the Black Sea
coast of the Turkey and many small-scale coastal
fishermen have been severely affected. The bottomset Norwegian two-chamber pot was tested as alternative to deep gill net for preventing dolphin damage
and catch losses for whiting (Merlangius merlangus)
fisheries in the Black Sea and catch efficiency was
found to be very low. In this study, underwater video
analyses were made to describe the behaviour of
whiting in and around bottom-set Norwegian twochamber pot to determine factors that are related to
the catch efficiency. A total of successful 8 deployments were carried out between July 2016 and
March 2017 within the boundaries of Rize province
(south-eastern Black Sea). Pot was deployed at
depths of 55 - 75 m and a total of 51 KRXUV¶YLGHR
records were obtained by GoPro Hero 4 and Sony
action cameras. Results showed that the 98% of observed whiting individuals approached the pot from
upstream direction. In addition, it was observed that
all of entering the pot occurred from upstream direction. Finally, pots should have a number of entrances
to ensure that one of the entrances stays in line with
the downstream and the entrances should not be
placed in such a way they face each other for improving capture efficiency of whiting.

KEYWORDS:
Black Sea, whiting, behaviour, bottom-set pot.

INTRODUCTION
Fish pots have many of the features of an ideal
fishing gear, such as high species selectivity as well
as the ability to catch the captured product live or
with minimal damage [1, 2]. Besides, survival rates
of captured juveniles and non-commercial species
are found to be very high for the fish pots [3]. When
compared to trawl and other active fishing gear, it is
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and around the pot in high definition colour (1080 p
at 30 fps). In addition, battery life limited video recording to a maximum of 2 hours. Video analysis
was conducted using Adobe Premiere PRO CC program.
The pot was baited with fresh anchovy, cut into
small pieces, or farming trout bait (it was preferred
due to the high rate of anchovy in its content) and put
in a white colour bait bag. The bag was attached beWZHHQWKHSRW¶VWZRentrances.
The study was conducted within the boundaries
of Rize province in the south-eastern Black Sea, Turkey (Figure 2) between July 2016 and March 2017.
Pot was set over sandy bottom areas and at depths of
55 - 75 m. The camera-equipped pot was deployed
during daylight hours and in areas where whiting
density would be sufficient to support commercial
activities for commercial fishermen in the region.
In order to understand the factors that are related to the catch efficiency, a number of quantitative
parameters from each video were collected. First parameter was approach behaviour to the pot and it was
examined according to the swimming direction of
whiting individuals. The swimming direction of
whiting individuals was recorded as downstream
(with-current), upstream (against-current) and perpendicular to the current [17]. Approach behaviour
was defined as a full body of whiting individual entering the visible area of the

Norwegian two-chamber pot to improve the catch efficiency of whiting in the Black Sea.

MATERIALS AND METHODS
Behavioural observations were conducted with
the bottom-set Norwegian two-chamber pot. This
pot had two entrances (25 x 15 cm) on opposite sides
of the pot, leading to a lower chamber and an additional narrow entrance between the lower and upper
chambers [18]. All parts of the pot are made of 44
mm diamond mesh size and green colour netting material but entrance sections were painted with white
colour to facilitate the entry of the whiting individuals into the pot. The pot has three rectangular frames
and the frames were constructed of 3 mm diam. PVC
pipes. The frame sizes were similar in structure to
the pots used by Furevik et al. [18], with dimensions
of 1.5 m x 1.0 m x 1.2 m.
The floats were not used due to pipes ensure
enough lifting features for upper frame which allows
the pot to open vertically underwater. For sinking to
pots, 4 kg concrete weights were used in each corner
of the bottom frame. One-meter length of poles was
extended from corners of upper frame for attaching
the underwater cameras to observe around the pot
(Figure 1). Go-Pro Hero 4 and Sony HDR AS-50 action cameras were used to record fish behaviour in

FIGURE 1
Top view of bottom-set pot
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FIGURE 2
Study area

FIGURE 3
Bottom-set pot in the underwater

entry attempt and entering the pot) and swimming
direction (downstream, upstream and perpendicular
to the current) of whiting individuals.

video. However, if an individual was to swim towards the pot, swim away, and then return to the observation area in the video, this situation was accepted as two separate approaches [16]. Current direction was determined by suspended articles drift
and movement of bait bag. Second parameter was
entry attempts and entering the pot behaviour and
they were examined according to the swimming direction of individuals. The swimming direction of
individuals was recorded with the method mentioned
above. Entry attempt was defined as any portion of a
ZKLWLQJ¶ERG\FURVVHGRYHUWKHH[WHULRUOLPLWRIWKH
funnel mesh for either entrance of the pot [17]. If the
whole body of whiting enters the lower chamber of
the pot, this was defined as entering. The chi-squared
test was used to assess whether there was a relationship between the parameters examined (approaches,

RESULTS
The most majority of fish observed was whiting
but any individual of whiting was not seen in the pot
when it was taken the board. Other observed and
captured by-catch species was only goby fish (Gobius sp.). Underwater observations showed that there
was no problem in opening vertically of the tested
bottom- set pot during the study (Figure 3).
51 h of video records were collected under day
light conditions in the total of 8 successful deploy-
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DISCUSSION

ments. Underwater video records in these deployments showed that a total of 373 whiting individuals
approached the pot and individuals ranged between
22 and 67 (mean: 46.63, s.e: 1.90) were seen approaching the pot for each deployment. Mean time
of first appearance around pot was determined as 22
min and it ranged between 13 and 31 min (s.e: 0.78).
During the study, 21 of 373 whiting individuals
attempted to enter, and 17 of them were seen to completely enter to pot. However, it was determined that
individuals that entered the pot could escape from
net walls of the pot or entrance section. In addition,
individuals that entered the pot did not show swimming to upper chamber.
It was observed that vast majority of whiting
individuals (98%) approached the pot from the upstream (against-current) direction. The 2% of them
were seen approaching the pot from direction which
was perpendicular to the current. In addition, the vast
majority of whiting individuals (87%) approached to
the pot above the sea bed (more than one body
lengths distance from the seabed). 19 entry attempts
were observed in the upstream (against-current) and
2 individuals attempted to enter the pot from the direction which was perpendicular to the current. All
of entering was detected from the upstream direction. After entering, majority of whiting individuals
firstly showed feeding behaviour and then showed
swimming behaviour to net walls in the pot. During
this period, it was detected that fish had forced net
walls of the lower chamber for escaping from the pot
and most of whiting (13 individuals) observed were
able to escape from the mesh openings of the net
walls. The remaining individuals were seen to escape
from another entrance.
According to chi-squared test, the null hypothesis that there was no relationship between parameters examined (approaches, entry attempt and entering the pot) and swimming direction of whiting individuals was rejected (p<0.01).
All observations for goby fish which was captured as by-catch were made in one deployment
which cameras were attached as too close to the pot.
A total of 27 goby fish were observed around the pot
and 2 of them were seen entering the pot. In addition,
they were captured in the lower chamber when the
pot was taken to board. All of goby fish individuals
which showed approaching and entering the pot
were seen swimming the pot from the upstream
(against-current) direction. Furthermore, all of the
goby fish individuals approached the pot as close to
the bottom (within one body lengths distance of the
seabed).

To our knowledge, this is the first study that
shows whiting (Merlangius merlangus) behaviour to
the bottom-set pot in the literature. The research
findings in this study are parallel to that of Anders et
al. [16] who made a research on fish behaviour to
bottom-set Norwegian two-chamber pot with two
entrances in Norway and they found that cod (Gadus
morhua) showed a high encounter rate, low entrance
rate and high escape rate for this type pot [16]. In the
same study, they reported that cod was more likely
to be caught than other gadoid fish species (saithe
(Pollachius virens) and haddock (Melanogrammus
aeglefinus)), and less than 3% of saithe and haddock
individuals observed were reported to enter the pot.
The findings about saithe and haddock species for
the bottom-set Norwegian two-chamber pot are similar to findings obtained for whiting in this study.
Almost all of the whiting individuals approach
to bottom-set pot from the upstream direction. This
situation can be explained with sense of olfaction
and chemically stimulated rheotaxis for fish species
[18, 19]. Results obtained from this study are consistent with previous observations which had been
made for cod, saithe and haddock which belong to
Gadidae family and these observations showed that
these species swim mostly upstream direction when
approaching the baited gear [16, 18, 20]. In addition,
almost all of the entry attempts and entering the bottom-set pot were seen occurring from the upstream
direction and similar findings were reported by
Meintzer et al. [17] for the floated Norwegian twochamber pot. Although the floated Norwegian twochamber pots were found to give a significantly
higher catch rate of cod (Gadus morhua) than bottom-set Norwegian pots [18], a preliminary study on
floated Norwegian two-chamber pots done in the
Black Sea has demonstrated that whiting (Merlangius merlangus) individuals do not show any approach behaviour for this type pot [21]. A similar situation was reported for haddock (Melanogrammus
aeglefinus) which showed no entering the floated
pots [16].
Some whiting individuals that entered pot from
upstream direction were determined to escape from
another entrance of the bottom-set pot and similar
observations were reported for cod in the study conducted by Meintzer et al. [17]. However, most of individuals which entered the pot in this study could
escape from the net walls of the bottom-set pot. This
situation may be explained by mesh size of the net
used in this study and population structure of whiting
which composed of mostly small individuals in the
region.

6910

© by PSP

Volume 27 ± No. 10/2018 pages 6907-6912

Fresenius Environmental Bulletin

[3] Pol, M., Walsh, P. (2005) Cod Potting in Massachusetts. In: Pol, M. (ed.) Fishermen Assisting
Gear Technologists and Scientists. Final report
submitted to the Northeast Consortium.
[4] Jørgensen, T., Løkkeborg, S., Furevik, D., Humborstad, O., De Carlo, F. (2017) Floated cod
pots with one entrance reduce probability of escape and increase catch rates compared with
pots with two entrances. Fisheries Research.
187, 41-46.
[5] 7hø. (2013) Fishery Statistics. Ankara,
Turkey.
[6] Anonymous. (2016) The commercial fish catching regulations in seas and inland waters in
2016±2020 fishing period: circular No.2016/35
(in Turkish). Ministry of Food, Agriculture and
Livestock, General Directorate of Conservation
and Inspection, Ankara, Turkey, 68p. (In Turkish).
[7] Birkun, A. Jr. (2002) Interactions between cetaceans and fisheries in the Black Sea. In: Notarbartolo di Sciara, G. (Ed.) Cetaceans of the
Mediterranean and Black Seas: state of
knowledge and conservation strategies. A report
to the ACCOBAMS Secretariat, Monaco. Section 10, 11p.
[8] Öztürk, B. (1996) Whales and Dolphins, IntroGXFWLRQ RI &HWRORJ\ $QDKWDU .LWDSODUÕ
<D\ÕQHYL,VWDQEXOS
[9] Königson, S., Lunneryd, S.G., Stridh, H.,
Sundqvist, F. (2009) Grey seal predation in cod
gillnet fisheries in the central Baltic Sea. Journal
of Northwest Atlantic Fishery Science. 42, 41±
47.
[10] Königson, S. (2011) Seal and Fisheries: A Study
of the Conflict and Some Possible Solutions,
PhD thesis, Department of Marine Ecology,
University of Gothenburg.
[11] Ovegård, M., Königson, S., Persson, A., Lunneryd, S.G. (2011) Size selective capture of Atlantic cod (Gadus morhua) in floating pots.
Fisheries Research. 107, 239±244.
[12] Königson, S. J., Fredriksson, R. E., Lunneryd,
S-G., Strömberg, P., and Bergström, U. M.
(2015) Cod pots in a Baltic fishery: are they efficient and what affects their efficiency? ICES
Journal of Marine Science. 72, 1545-1554.
[13] Furevik, D.M. (1993) Fishing trials using fish
pots and large pots in Western Norway, the Alta
Fjord and West Finnmark. Institute of Marine
Research, Bergen, Norway. Report from
Department of Marine Resources.
[14] Furevik, D.M., Hågensen, S.P. (1997) Trials of
cod pots as an alternative to gillnets in the
Varangerfjord in April±June and October±
December 1996. In: Gear Selection and
Sampling Gears. 7th Joint Russian-Norwegian
Symposium, Murmansk, 121±132.

CONCLUSION
In this study, although tested baited bottom-set
pot attracted a large of number of whiting, too few
of them proceeded to enter the pot. The willingness
to enter the pot may be affected by feeding instinct,
ability of fish species and individuals for discovering, perceiving and consuming the bait, and environmental variables like light, current, water temperature, and abundance of baits [22, 23, 24]. In addition,
Diaz Pauli et al. [25] stated that the entrance rate of
the pot may be also affected by exploratory behaviour, and bolder species may be more suitable to capture. Besides these factors, shapes of entrance may
be considered another factor which affects both
CPUE and size of captured fish [26].
Consequently, it may be said that bottom - set
Norwegian two-chamber pot is not appropriate for
whiting fishing. Furthermore, if one of entrances of
the pot do not stay in line with the downstream, whiting individuals which approaches the pot from upstream direction may not probably find the entrance
area and not enter the pot. In addition, two entrances
on opposite sides of the pot may cause to escape of
whiting individuals if each entrance stays in line with
the downstream . Under the light of these findings
obtained from this study, pots should have a number
of entrances to ensure that one of the entrances stays
in line with the downstream during the fishing. In
addition, the entrances should not be placed in such
a way they face each other for the reason mentioned
above and not be placed as close to bottom for preventing the by-catch of goby fish for future studies.
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EFFECT OF SPECIES AND ENVIRONMENTAL FACTORS
ON GROWTH PERFORMANCES IN AFFORESTATION OF
CEDRUS LIBANI AND PINUS BRUTIA
Nilufer Yazici*
Applied Sciences University of Isparta, Faculty of Forestry, TR - 32260 Isparta-Turkey

ni) have 5.6 million ha and 0.4 million ha natural
distribution in Turkish forestry, respectively [1].
Brutian pine and Taurus cedar are used widely in
forest establishment of Turkey because of their
large distribution, commercial wood and other
purposes such as erosion control and to improve the
soil [2]. However, investigation on success of the
species by comparison is very limited [i.e., 3-5].
For instance, it was reported that organic matter,
phosphorous, nitrogen, clay, dust, field capacity,
wilting point and available water capacity were
higher in afforested areas which was 15 years than
unafforested areas, while it was opposite for pH,
sand, lime and volume weight values [3]. Besides,
it was known that there could be many genetical
and environmental factors in success of the forest
establishment from seed harvest and selection of
suitable species on practices, and also condition of
establishment area such as altitude, aspect, slope,
and soil depth.
This study was conducted to examine the effect of species and some environmental factors on
growth performances in plantation of Brutian pine
and Taurus cedar to contribute success of future
forest establishment.

ABSTRACT
Height and diameter at breast height, and survival were examined in plantations established at
Southern part of Turkey by pure and two mixed
stands of Taurus cedar (Cedrus libani) and Brutian
pine (Pinus brutia) at 15 years to contribute future
forest establishment including afforestation.
Averages of growth performances of pure
plantations were higher than that of mixed. Tree
height was the highest in pure plantation of Taurus
cedar as 582.3 cm, while it was the highest for
diameter at base in in pure plantation of Brutian
pine as 23.3 cm. Besides, Brutian pine showed
higher growth performances than Taurus cedar in
both mixed stand. Survivals were 75% and 74% for
mix stands, while they were 53% (Brutian pine) and
93% (Taurus cedar) for pure stands.
Results of analysis of variance showed also
significant differences (S) among sampled
plantations of the stand type for the height and
diameter.
Positive and significant (S, r>0.5) relations between height and diameter at base were
found in the stand types based on results of correlation analysis.

MATERIAL AND METHODS
KEYWORDS:
Altitude, aspect, forest establishment, growth, plantation,
slope, survival.

The plantations established in 2003 were sampled from three different stand types as pure stands
of Brutian pine (Pinus brutia- PB) and Taurus cedar
(Cedrus libani- CL) and their mixed stand (CL+PB)
in Burdur and Isparta provinces of southern part of
Turkey (Table 1, Figure 1) to contribute erosion
control at the area. Four plantations which of each
500 m2 (50x10 m.) were sampled from each stand
types (Figure 2). The plantations were established
3x2.5 m spacing for Brutian pine and 3x3 m for
Taurus cedar by 2+0 years old containerized seedlings originated from seed stands in 2003. Height
(H), diameter at base (D0) and survival (S) were
measured in sampled plantations at beginning of
2018. Annual rainfall and range of temperature are
450 mm, from -16.0°C to +39.5°C of the plantation
areas. Soil texture is sandy clay.

INTRODUCTION
Forest establishment including afforestation,
plantation, reforestation, artificial regeneration,
rehabilitation, avalanche control, energy forest and
rangeland improvement play important roles for
many purposes from commercial to erosion control.
It is also one of the most important tools for conversion of unproductive forest to productive forest
by planting or sowing. It is getting importance for
countries which have unproductive forest area such
as Turkey, and also based on global warming. Turkey has 22.3 million ha. forest area cover is about
28.6% of Turkey which about half of the area (9.6
million ha) is unproductive [1]. In this area Brutian
pine (Pinus brutia) and Taurus cedar (Cedrus liba-
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Stand
type
CL+PB
CL+PB
PB
CL

Code
P1
P2
P3
P4
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TABLE 1
Geographic details of the sampled plantations.
Latitude
longitude
Altitude
(N)
(E)
(m)
370¶ࡌ
300¶ࡌ
986
370¶ࡌ
300¶ࡌ
960
300¶ࡌ
1020
370¶ࡌ
370¶ࡌ
300¶ࡌ
1035

Aspect

Slope (%)

North
East
South
South

20-25
20-25
10-15
0-5

FIGURE 1
Location of sampled areas.
Stand types were compared for the performances of growth characteristics by the following
linear model of ANOVA:

Yij = P + Pj  eij
th
Where Yij is the observation from the j inth
dividual of the i stand type, ȝ is overall mean, Pi
th
is the random effect of the i stand type, and eij is
random error.
Phenotypic correlation (rp) between height and
GLDPHWHU DW EDVH ZDV DOVR HVWLPDWHG E\ 3HDUVRQ¶V
correlation using SPSS statistical package program
as [6]:

rp

COV f ( x , y )

V 2 f ( x) V 2 f ( y)

Where COVf ( xy ) is the phenotypic covariance between traits x and y, V f ( x ) and V
the phenotypic variances for traits x and y.
2

2

f ( y)

are

FIGURE 2
General views of sampled plantations.
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RESULTS AND DISCUSSION

ure 4). Aspect could have important role in the
differences because of similar slope and altitudes of
the mixed areas (Table 1).
Averages of height and diameter at base were
reported 161.3 cm and 38.7 mm for Anatolian black
pine (Pinus nigra), and 226.6 cm and 74.3 mm
Taurus cedar in plantations of the species at 7 years
[5]. It was also reported they were 188.6 cm and
57.5 mm in mix plantation of the species [5]. There
could be many genetical and environmental factors
in success of forest establishment such as selection
of species, environmental condition (i.e., climate,
slope, and soil depth) of the area.

Growth characteristics. Averages of growth
performances of pure plantations were higher than
that of mixed (Table 2). Tree height was the highest
in CL (P4) as 582.3 cm, while it was the highest for
diameter at base in PB (P3) as 23.3 cm (Table 2,
Figure 3). Besides, Brutian pine showed higher
growth performances than Taurus cedar in both
mixed stand. Averages of tree height and diameter
at base were 581.1 and 29.5 cm in CL+PB (P1), and
585.0 and 29.2 in CL+PB (P2), for Brutian pine,
and 382.2 cm and 11.4 cm in P1 and 452.0 cm and
14.6 cm in P2 for Taurus cedar, respectively (Fig-

TABLE 2
Averages of height (H) and diameter at base (D 0) in the plantations.
Plantations and characteristics
CL+PB (P1-46*)
H
D0
Average
473.0 19.6
Minimum
190.0 6.0
Maximum
720.0 38.1
Standard deviation
131.4 9.8

CL+PB (P2-35)
H
D0
481.6
17.8
210.0
8.1
660.0
35.5
104.4
7.0

PB (P3-35)
H
504.4
390.0
660.0
56.9

D0
23.3
16.5
32.6
3.51

*; number of measured individuals in the parentheses.

FIGURE 3
Differences of growth performance among the plantations.

FIGURE 4
Differences of growth performance between the species.
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CL(P4-51)
H
582.3
440.0
650.0
53.2

D0
19.4
12.3
24.0
3.0
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Large differences were found within plantation site and among sites. For instance, H was
ranged and from 390 cm to 660 cm, while D0 was
between 16.5 cm and 32.6 cm in PB (P3) (Table 2).
Results of analysis of variance showed also significant differences (S) among sampled plantations of the stand type for the height and diameter.
6DPSOHG SODQWDWLRQV ZHUH JURXSHG E\ 'XQFDQ¶V
multiple range test based on determination of the
statistically significant differences for the characteristics analysis of variance (Table 3).
TABLE 3
5HVXOWVRI'XQFDQ¶VPXOWLSOHUDQJHWHVW
Stand
type/
Code

H
Averages

CL+PB
(P1)
CL+PB
(P2)
PB
(P3)
CL
(P4)

D0

473.0

Homogenous
groups*
a

19.6

Homogenous
groups*
a

481.6

a

17.8

a

504.4

a

23.3

b

582.3

b

19.4

a

Averages

*; the same letters are not significantly different
(p>0.05).
It could be said that pure stands showed different growth performances than mixed stands
(Table 3). The results emphasized importance of
selection of species and stand type for forest establishment areas.
Correlations. Positive and significant
(S, r=0.5) relations between height and diameter at base were found in the stand types based on
results of correlation analysis (Figure 5).
Positive and significant (S, r=0.826) relations between height and diameter at base were
reported in pure and mix plantations of Anatolian
black pine and Taurus cedar [5], and in a study on
Taurus cedar plantation [7]. The results could be
used to increase success of forest establishment
areas such as forest tending.

FIGURE 5
Relations between height and diameter for the
populations.

Survivals. Survivals were 75% (P1) and 74%
(P2) for mixed stand (CL+PB), while they were
53% (P3) and 93% (P4) for pure stands of PB and
CL, respectively (Figure 6).
It was reported that survivals were higher in
pure plantations of Anatolian black pine (82%) and
Taurus cedar (74%) than that of mixed (65%) at 7
years [5]. Survival could be accepted one of the
most important factors in success of afforestation
based on global warming and re-plantation in forestry practices.

FIGURE 6
Survivals in the plantations.
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TRACE ELEMENTS CONCENTRATIONS IN SEA STAR
(ASTROPECTEN POLYACANTHUS) FROM AYLA LAGOONS
AT WESTERN PART OF JORDANIAN GULF OF AQABA,
RED SEA.
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treatment facilities, power plants, coastal mining and
quarrying activities, oil spills and marine traffic
[2,3].
Bioindicators are species that can be used to
monitor the health of an environment or ecosystem.
They are any biological species or group of species
whose function, population, or status can reveal the
qualitative status of the environment. Recently,
biological organisms such as fish, molluscans, and
echinoderms have been used as indicators for
quantitative heavy metal concentrations in their
different tissues or organs [4-8].
Most artificial lagoons receive a high heavymetal input from different sources, therefore, reflected in the relatively high levels found in numerous artificial lagoons organisms. Many sedentary indicators have been suggested for facilitating the detection of heavy-metal pollution, but the problems in
using these indicators to evaluate the metal loading
variations in species composition, and conditions at
different sites, differences in season of sampling, and
age of organism, as well as different metal levels in
different parts of the organism, make the interpretation of results difficult [5].
The aim of this study is to assess of heavy metal
concentrations (Cu, Ni, Cd, Co, Cr, and Pb) in Ayla
artificial lagoons located at the most northern part of
the Gulf of Aqaba using marine living organisms sea
star (Astropecten polyacanthus) collected from the
bottoms of the lagoons.

ABSTRACT
Trace elements concentrations of (Cu, Ni, Cd,
Co, Cr, and Pb) were measured in the body wall and
pyloric caeca of sea star (Astropecten polyacanthus)
collected from the Ayla lagoons located at the most
northern part of Jordanian coast of the Gulf of Aqaba
during summer 2015. Significant differences were
found between body wall and pyloric caeca p
<0.0001 for all six elements studied, the mean
concentrations of the body wall and pyloric caeca
was 5.87 and 66.91 μg/g for Cu, 1.82 and 26.47 μg/g
for Cr, 4.56 and 43.76 μg/g for Ni, 5.72 and 103.72
μg/g for Pb, 0.40 and 18.83 μg/g for Cd, 3.89 and
38.79 μg/g for Co. Strong correlations were obtained
between body wall and final metal concentrations for
Ni and Pb, meanwhile the other metals showed weak
correlations. Weak correlations were obtained between the body weight and final metal concentrations in Pyloric caeca for all metal studied.

KEYWORDS:
Heavy metals, Astropecten polyacanthus, Ayla lagoon,
Aqaba, Red Sea

INTRODUCTION
Heavy metals constitute one of the most insidious and dangerous pollutants known to human. They
are now considered to be among the most effective
environmental contaminants, and their release into
the environment has increased since the last decades,
threatening all creatures and the environment. Heavy
metals are not readily converted into harmless components; they are often accumulated in the tissues of
RUJDQLVPVZKLFKFDQ¶WH[FUHWHWKHP [1].
A number of anthropogenic and natural disturbances influence the marine environment of the Red
Sea and Gulf of Aqaba are related to land-based activities. These include urbanization and coastal development (for example, dredge and fill operations),
industries including power and desalination plants
and refineries, recreation and tourism, wastewater

MATERIALS AND METHOD
Study area. The Gulf of Aqaba is a semi-enclosed water body located in the most southern part
of Jordan and at the northern end of the Red Sea; a
sub-tropical arid area between longitude 34° 25' to
35° 00' E and latitude 28°00' to 29°33' N (Fig. 1).
The Gulf supports a dense population of more than
100 species of corals, 800 species of fish, and hundreds of species of crustaceans and mollusks coexisting in a fragile environmental equilibrium. After
the declaration of Aqaba as an economic free zone,
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DQG XQLTXH UHVLGHQWLDO DQG FRPPHUFLDO SURSHUWLHV
QHVWOHG DURXQG  'RQXPV RI FDVFDGLQJ VHDZDWHU
ODJRRQV

the region became extremely attractive for tourism
and a large number of tourist hotels are located along
the coasts of Jordan; many new hotels and industries
are currently constructed, especially along the Jordanian coast. Therefore, the water quality in general,
and trace metal pollution, in particular, is environmental security threats for these countries.

Sample treatment and Analysis. The collected sea star (Astropecten polyacanthus) samples
were kept in clean plastic bags and transferred to the
laboratory where they were rinsed with distilled water. Arm length (AL) was measured with a meter and
total body weight (TBW) was measured using an analytical balance. Sea stars were dissected on cleaned
plastic sheets using scalpels with steel blades and
plastic forceps to remove the body wall and the pyloric caeca. The removed parts were washed and
cleaned with distilled water and dried at 85 °C in an
oven for 48 h until constant weight was achieved.
Between (0.05 ± 0.1 g) of pyloric caeca and (0.5 g)
of body wall dry tissue of each sample was ached in
crucibles at 540 ºC for at least 6 h, using a muffle
furnace. Samples were then cooled to room temperature and 5 ml of 2M HCl was added to each crucible
after that heated on a hot plate to 100 °C for half an
hour, and then, cooled to room temperature. Samples
were filtered through a Whatman No. 2 filter paper;
the final volume of 50 ml was completed with double
distilled water. Trace metal concentrations of (Cu,
Ni, Cd, Co, Cr, and Pb) were measured in the body
wall and pyloric caeca of each specimen using FAAS
available at the Marine Science Station. The final
PHWDOFRQFHQWUDWLRQZDVFDOFXODWHGDV ȝJJ 

FIGURE 1
Study area
6DPSOH FROOHFWLRQ 6DPSOHV ZHUH FROOHFWHG
GXULQJVXPPHUE\VFXEDGLYHIURPWKH$\ODOD
JRRQVZKLFKORFDWHGDWWKHZHVWHUQERXQGDU\RI$T
DEDDQGVWUHWFKLQJNLORPHWHUVRIFRVWDODUHDWRWKH
-RUGDQLDQFRDVWLQZKLFKYDULHW\RIXSPDUNHWKRWHOV

Statistical analysis. A one-way analysis of
variance was performed to test the significant differences between different organs using StatView. The
OHYHORIVLJQLILFDQFHZDVVHWDWĮ 



  

























 

FIGURE 2
Mean concentrations μg/g DW ± SD of six elements in the body wall and pyloric caeca of sea star collected
from Ayla lagoon.
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for Cu, 1.82 and 26.47 μg/g for Cr, 4.56 and 43.76
μg/g for Ni, 5.72 and 103.72 μg/g for Pb, 0.40 and
18.83 μg/g for Cd, 3.89 and 38.79 μg/g for Co.

RESULTS
Levels of trace metals in the body wall and
pyloric caeca. Concentrations of six heavy metals
(Cu, Cr, Ni, Pb, Cd and Co) were measured in sea
stars samples from Ayla Lagoon of the Gulf of
Aqaba. Two body compartments were considered
for analysis body wall (BW) and Pyloric ceaca (PC)
Fig. 2. Significant differences were found between
the body wall and pyloric caeca p <0.0001 for all six
elements studied, the mean concentrations of the
body wall and pyloric ceaca was 5.87 and 66.91 μg/g

Correlations between body weight and final
metal concentrations in the body wall. Strong correlations were obtained between body weight and final metal concentrations in the body wall (Fig. 3), R2
values were 0.91 and 0.92 for Ni and Pb respectively,
meanwhile, the other metals showed weak correlations the value of R2 was 0.0095 for Cu, 0.4478 for
Cr, 0.0841 for Cd and 0.0003 for Co.
y = 0,1068x - 0,9586
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FIGURE 3
Correlation coefficient R2 between body weight and metal concentrations in the body wall
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FIGURE 4
Correlation coefficient R2 between body weight and metal concentrations in pyloric caeca.

DISCUSSION

Correlations between body weight and final
metal concentrations in pyloric caeca. Weak correlations were obtained between body weight and final metal concentrations in pyloric caeca (Fig. 4), R2
values were 0.03, 0.14, 0.0007, 0.0,05, 0.005 and
0.033 for Cu, Cr, Ni, Pb, Cd and Co, respectively.

The using of benthic organisms such as Echinodermata for assessment and determination the levels of heavy metals in the marine environment has
reached a considerable attention in different countries around the world because of the toxicity of
heavy metals and their accumulation in biota. This
interest aimed to ensure the safety of the marine
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A LIGHT MICROSCOPIC STUDY ON LARVAL
INTEGUMENT CYCLE OF LEPIDOPTERA
Sadettin Unsal*
Department of Biology, Faculty of Science, Selçuk University Campus, 42130 Konya, Turkey

stages. This order includes many species that damage agricultural, forest, pasture, and stored products,
which are of importance for medical, agricultural
and environmental health [3].
Insects form a major group of animals that have
occupied almost all ecological niches and show a remarkable array of adaptations. Although they have
all these morphological variations, they share the
same physiological processes. The various systems
such as tracheal system, open circulatory system and
malpighian systems. One such unique system is also
their chitinous exoskeleton. The differences in their
skeletal systems, absence of integument chitin in the
majority of these species, and the need to molt periodically in order to develop during the larval stage
provide opportunities for development of new insecticides.
The exoskeletal system that allows usage of
muscle strength in the most beneficial way [4, 5]. In
this respect they are different from other animals [6].
Other major tasks of insect integument are its exoskeletal role at the larval stage protecting larvae from
external influences and its barrier function preventing passage of water, ions or other substances between internal tissues and the external environment
[7, 8, 9, 10]. However, in addition to these beneficial
functions, integument must be replaced periodically
to prevent it from restricting larval growth [4, 11,
12]. The sequential changes that the larva undergoes
during each larval stage leading to molt allows for
growth. The events are carefully orchestrated by
molting hormone, ecdysone. Old skin is removed
and replaced with new skin in a series of events
called ecdysis [6, 8, 11, 13].
Although, detailed physiological [14, 15, 16,
17], neuroendocrine [18, 19, 20], molecular [5, 21]
and ultrastructural [22, 23, 24] studies have been performed on the ecdysis cycles of different insect species and all the stages of the cycle were explained,
any microscopic study involving all phases of these
physiological cycle stages has not been found.
In most of the previous studies, some episodes
of the ecdysis cycle have been studied microscopically and there maining phases have been explained
by diagrams, instead of being shown by microscopic
evidence. For the first time, in the present study, we
aimed to investigate microscopically the changes occurring in time in all phases of the ecdysis phenom-

ABSTRACT
The cycle of sixth instar larval integument of a
Lepidoptera example, Galleria mellonella (Linnaeus, 1758) (Lepidoptera: Pyralidae) was investigated by light microscopy. Two phases of larval integument change of G. mellonella larvae were observed via histological and histometrical measurements performed over 12±108 hours. The first of
these phase changes was observed between 12 and
84 hours with changes to epidermal cells and procuticle formation resulting in interzone cuticle. The
second phase change occurred in cuticle and epidermal cells with digestion of the old procuticle and formation of a new procuticle, which was observed between 96 and 108 hours commencing with apolysis
at 96 hours. During the first period complete epicuticle formation was detected at 12 hours, the development of procuticle continued with lamellae addition between 12 and 84 hours. The procuticle development was completed with formation of the interzone cuticle at 84 hours. Epidermal cells underwent
mitosis at 72 hours and at 84 hours formed the interzone cuticle by secreting a small quantity of seventh
instar cuticle. In the second stage, apolysis occurred
at 96 hours. The observed effects of molting fluid
were, firstly, the separation of endocuticle lamellae,
followed by their dissolution and, finally, absorption
by epidermal cells. The procuticle thickness decreased from 16.9 μm to 7.5 μm at this stage. Epidermal cells took on a prismatic shape at this stage
and started to form seventh instar epicuticle and procuticle.

KEYWORDS:
Ecdysis, Integument cycle, G. mellonella, Lepidoptera,
LM

INTRODUCTION
So far, 1.7 million species have been scientifically identified and named [1]. Insect class members
form four out of five of these species. After the order
Coleoptera, Lepidoptera is the second largest order
of the insect class with 150,000 insect species [2].
Members of the order Lepidoptera exhibit a
holometabolous life cycle with larva, pupa and adult
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single row of epithelial cells with the cuticle resulting from the secretions of these cells. The integument was made up of epicuticle, exocuticle and endocuticle layers (Figure 1A).
Epicuticle from the cuticle layer of the integument was observed as a thin line under light microscopy. The histology sections of the newly formed cuticle showed generally dome-shaped tubercles that
there were slightly pointed (Figure 1B). These tubercles spread during larvae growth parallel to cuticle
development. Exo-endocuticle difference only occurred in mature cuticle towards the end of the instar;
it was not possible to distinguish the boundaries at
other times. Horizontal lamellae that folded over
each other formed endocuticle under exocuticle during cuticle development (Figure 1A). Branched pore
channels under the epicuticular tubercle, which
started on the epidermis surface and crossed along
the procuticle were observed (Figure 1C). A different structure formed with interzone cuticle between
the old procuticle and epidermal cells on the completion of cuticle development at the larval instar (Figure 1D).

enon by basic means of histological and histometrical methods in G. mellonella, a Lepidoptera sample.

MATERIALS AND METHODS
Larvae. The G. mellonella larvae used in this
study were obtained from Insect Culture Laboratory
stock cultures of the Biology Department in the Science Faculty of Selcuk University. Two hundred G.
mellonella larvae, that had just undergone fifth larval
instar molting and had not darkened at the first few
hours of sixth instar, were selected and maintained
in glass jars. Larvae were fed with semi-synthetic
food (600 g honey, 492 g glycerol, 120 g honeycomb
and 1200 g bran) [25]. These jars were incubated under total darkness at 28 ± 2 °C with 78% relative humidity. Four healthy larvae were taken for examination at each of the following times: 12, 24, 36, 48,
60, 72, 84, 96, 108 and 120 hours.
Histology. Larvae were anesthetized; head and
abdomen were cut and fixed with 10% neutral formaldehyde solution for 48 h. Samples were prepared
and obtained as blocks as follows: washing, dehydration, clearing, passing from soft and hard paraffin.
Blocks were then sectioned at 6 μm thick by microtome. Sections were stained with Azan, Azokarmin
G-Anilin Blue combination, and Azokarmin G-Solvent Blue combination. An Olympus (BX51/BX2FBL3-000) light microscope was used to measure
cuticle thickness at ×400 magnification and Leica
(DM 1000) light microscopy was used for photography at ×400 and ×1000 magnifications.

Structure of the epidermis. Epidermis was
observed to compose of cells changing from wide
and flat to prismatic shape according to the development process of the procuticle. The epidermal cells
were flat and the cell nuclei chromatin was widespread at the beginning of the cuticle development
process. At the completion stage of the procuticle,
before the synthesis of new cuticle, epidermal cells
were observed to undergo mitosis (Figure 1A) and
start to synthesize new cuticle; during this period
their shapes changed to cubic and orderly prismatic.
Histological sections showed that the epidermis
layer was partially associated with muscle and fat tissue. Epidermis and muscle connection was clearly
observed especially at the intersegmental zone.

Cuticle Thickness Measurements. Thickness
measurements were done at least ten times for each
sample from the integument tergum cuticle at time
points stated above. Four samples were used for each
time point. Arithmetic mean and standard deviation
of the measurements were calculated.

Larval Integument Cycle. Epidermal cells
were flat and epidermal cell-pore channel connections were clear in histological sections obtained at
12 hours. It was remarkable that epidermal cells
were secreting cuticular fluid through apical surfaces
of the cells to form epicuticle and procuticle (Figure
1C). Histological sections obtained at 24, 36 and 48
hours showed that while the synthesis of epicuticle
by pore channels was halted, epidermal cells continued their secretion to increase the thickness of the
procuticle. This cell surface secretion forms cuticular lamellae by polymerization and with the addition
of new lamellae the growth in thickness of the procuticle continued (Figure 1E). It was observed that
the exo-endocuticle layer became clear at 60 hours
(Figure 1F).

RESULTS
Structure of Integument. Structure of cuticle. The integument of the larvae, having recently
molted fifth larval instar integument and in the first
few hours of sixth larval instar, were thin, lumpy,
and appeared as a brilliant film when observed by
naked eye.
The cross section examinations of the integument revealed that it was thin dorsally, thick ventrally, and there were folds between the segments.
The integument of G. mellonella consisted of a
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FIGURE 1 (A-F)
Changes in larval integument before apolysis
A; Epidermal cells underwent mitosis, exo-endocuticle differentiation became completely clear, and endocuticular lamellae were clear at 72 h.
Azokarmin G-6ROYHQW%OXHFRPELQDWLRQ6FDOHEDUȝP B; Pore channels and tubercles of newly formed cuticle. Azan stain. Scale bar: 50
ȝP&6HFUHWLon of epicuticle and procuticle by epidermal cells and epidermal cell-pore channel relationship at 12 h. Azokarmin G-Anilin
%OXH6FDOHEDUȝP'2OG-new cuticle and interzone cuticle of larva prepared for molting sixth instar integument before apolysis. Azokarmin G-$QLOLQ%OXH6FDOHEDUȝP(,QFUHDVHLQSURFXWLFXODUWKLFNQHVVZLWKWKHDGGLWLRQRIODPHOODHE\HSLGHUPDOFHOOVDW36, and
48 h. Azan stain. Scale bar: 20 μm. F; Exo-endo cuticle layers became clear at 60 h. Azan stain. Scale bar: 50 μm. at: adipose tissue, e:
epicuticle, ec: epidermal cell, ecs: epidermal cell secretion, el: endocuticular lamellae, en: endocuticle, epc: epidermal cell-pore channel connection, et: epicuticular tubercle, ex: exocuticle, h: hemocyte, ic: interzone cuticle, nc: new cuticle, nsc: newly synthesized cuticle, oc: old
cuticle, p: procuticle, pc: pore chanel, pl: procuticular lamellae.

they changed into a prismatic shape, began to synthesize new cuticle and apolysis took place (Figure
2G). Again at 96 hours other histological sections
showed that exuvial space formed after separation of
new cuticle from old cuticle by apolysis, endocuticle
lamellae started to separate from each other (Figure
2H) and hydrolyzed (Figure 2I), hydrolyzed components were absorbed by epidermal cells to make up
new cuticle (Figure 2J), and undigested parts belong-

The procuticle layer became completely clear
and epidermal cells underwent mitosis as observed
in the sections obtained at 72 hours (Figure 1A). After 84 hours, a line of interzone cuticle was formed
between the epidermal cells and procuticle and epidermal cells secreted a quantity of new cuticular material (Figure 1D). Different changes occurred in
procuticle and epidermal cells at 96 hours. Procuticle
formation was completed and epidermal cells lost
their regular structures (nucleus-cytoplasm clarity);
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ing to old cuticle became thin and ready to be expelled (Figure 2K). At this stage, internal pressure
increased and volume expanded with the aid of muscles and swallowed air, which resulted in peeling of
old cuticle followed firstly by removal of head capsule, then old cuticle completely.
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At 108 hours it was observed from the histological sections that the larvae was completely free of
old cuticle and covered with new seventh instar integument (Figure 2L, Figure 3).

FIGURE 2 (G-L)
Changes in larval integument after apolysis
G; Separation of old cuticle due to apolysis and commencement of secretion of new seventh instar cuticle at 96 h. Azokarmin G-Anilin Blue.
6FDOHEDUȝP+6HSDUDWLRQRIHQGRFXWLFXODUODPHOODHE\PROWLQJIOXLGDWK$]RNDUPLQ*-$QLOLQ%OXH6FDOHEDUȝP,+\GURO\VLV
of endocuticular lamellae by molting fluid at 96 h. Azan stain. Scale barȝP- Absorption of endocuticle chitin substances by new cuticle
at 96 h. Azokarmin G-$QLOLQEOXH6FDOHEDUȝP.2OGFXWLFOHSULRUWRGLVSRVDODQGQHZFXWLFOHDWK$]RNDUPLQ*-Anilin Blue. Scale
EDUȝP/1HZFRQGLWLRQRILQWHJXPHQWZKere old sixth instar cuticle at 108.h. intersegmental folds was disposed of and with new seventh
instar cuticle. $]DQVWDLQ6FDOHEDUȝP a: apolysis, at: adipose tissue, e: epicuticle, ec: epidermal cell, el: endocuticular lamellae, en:
endocuticle, es: exuvial space, et: epicuticular tubercle, ex: exocuticle, hp: hydrolyzed procuticle, nc: new cuticle, net: new epicuticular tubercle, nsc: newly synthesized cuticle oc: old cuticle, p: procuticle, pl: procuticular lamellae.

6927

Volume 27 ± No. 10/2018 pages 6924-6932

© by PSP

Fresenius Environmental Bulletin

FIGURE 3
Larval integument cycle of G. mellonella.
TABLE 1
Cuticle thickness values of sixth instar G. mellonella larvae at 12±120 hours
Time
(hour)
Cuticlethick
ness
(μm)

12

24

36

48

60

72

84

96

108

120

7.90r0.
3

9.03r0.
5

11.70r0.
6

12.50r0.
5

14.00r0.
6

14.10r0.
9

16.90r0.
9

7.50r0.
7

10.00r0.
8

12.50r0.
6

thickness measurements. The first cuticular thickness increase was observed with the synthesis of new
cuticle by epidermal cells. According to observations, cuticular thickness regularly increased from
7.9 μm to 16.9 μm depending on the synthesis of epidermal cells between 12 and 84 hours. This increase
in cuticle occurred via addition of new lamellae to
the endocuticle.

Cuticular Thickness Measurements. Table 1
shows values for cuticle thickness of sixth instar G.
mellonella larvae obtained from four replicate measurements of histological sections. Average cuticle
thickness measurements of these values are shown in
figure 4.
Cuticle thickness measurements were performed between 12 and 120 hours. Three different
cuticle thickness phases were observed according to
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Time (hour)
Time (hour)
FIGURE 4
Sixth instar G. mellonella larvae cuticle thickness change with time.
hours were considered here, since the aim of this
study was to observe changes occurring in larval integument at the sixth instar.
Histological sections obtained at 12 hours
showed that epidermal cell secretions occurred
through apical surfaces via pore channels to form epicuticle and procuticle. The first cuticle formed both
before and after apolysis was considered as epicuticle; the continuation of secretion for epicuticle
showed that epicuticle was still under construction.
Dome-shaped epicuticular tubercles formed at this
stage spread at integument sections in the following
manner: secretion of epicuticle by pore channels was
halted after 24 hours; however, epidermal cells continued procuticle secretion. Therefore, it can be seen
from these results that, while epicuticle formation
completed, the procuticle formation process continued. Thickness increase continued until 84 hours
with the addition of new lamellae to procuticle and
the cuticle thickness increased from 7.9±16.9 μm.
The difference between the procuticle layers, which
was previously indistinguishable, was observed
close to the cuticle completion stage after 60 hours.
In relation to formation of epicuticle and procuticle at the larval instar, Klowden [10] and Wigglesworth [26] stated that while epidermal cell secretion continued epicuticle formation through pore
channels, other layers of cuticle, exocuticle and endocuticle layers, were also accumulated simultaneously. Klowden [10] and Novak [27] reported that
cuticle thickness increase occurring at the larval instar continued until apolysis, and Nation [11] and
Kaznowski et al. [28] stated that cuticle was thickened by the secretion of epidermal cells at this stage.

The second change was observed at 96 hours
with the separation of epidermal cells from the cuticle (apolysis) and thickness decreased. Cuticle thickness decreased from 16.9 μm to 7.5 μm between 84
and 96 hours. This decrease in thickness was due to
the dissolution of old cuticle; molting fluid hydrolyzed and dissolved the endocuticular lamellae.
The third phase was again observed as an increase in thickness due to synthesis of seventh instar
cuticle by epidermal cells. As was observed at the
beginning of sixth instar, cuticular thickness was increased regularly at 108 hours; at the beginning of
the seventh instar. Thickness at 120 hours was 12.5
μm.

DISCUSSION
Three phases of the larval integument cycle
were seen between 12 and 120 hours by histological
observations and histometrical measurements of G.
mellonella larvae that had just molted fifth larval instar integument and were in the first hours of sixth
larval instar integument. The first of these phases,
observed between 12 and 84 hours, resulted in epicuticle by formation of interzone cuticle where procuticle reshaped and epidermal cells changed. The
second phase included the phase change that occurred in epidermal cells and cuticle, where next instar cuticle formation following apolysis and digestion of old procuticle were observed between 96 and
108 hours. Finally, the third stage consisted of larval
integument change process of sixth instar molting
and passing into seventh instar development at 108
hours and beyond. The changes occurring after 108
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hydrolyzed material. As a result of hydrolysis of old
procuticle by molting fluid, cuticular thickness decrease from 16.9 μm to 7.5 μm was observed at 96
hours. During these events, the non-hydrolyzed part
of the old cuticle was intertwined with the new cuticle.
Flat shaped epidermal cells during interzone
cuticle formation at 84 hours changed into prismatic
shaped cells by forming epicuticular folds of new cuticle at 96 hours.
Novak [27] reported that activated epidermal
cells secrete molting fluid before apolysis; Klowden
[10] and Elias-Neto et.al. [35] stated that shape
change and volume increase in epidermal cells resulted in apolysis, separation of old and new cuticle
from each other, and filling of the space created by
apolysis with molting fluid; and Chapman et all. [12]
expressed that molting fluid enzymes became activated after new epicuticle formation. Douchet &
Retnakaran [6], Klowden [10], Kaznowski et al. [28]
and Qu et al. [36] reported that chitinase and protease
enzymes were found in molting fluid; Klowden [10]
and Passoneau & Carol [37] showed that after the
endocuticle of old cuticle dissolved completely, both
the dissolved endocuticle and molting fluid were absorbed by epidermal cells; and Way [30] reported
that old cuticle was disposed of as a thin layer. Additionally, Klowden [10], Nation [11] and Passoneau
& Carol [37] stated that majority of the disposed cuticle was exocuticle.
Histological sections at 108 hours showed that
sixth instar G. mellonella larvae molted their old integument and became surrounded by seventh instar
cuticle. When molted larvae were observed with the
naked eye, it was seen that new cuticle was initially
soft and clear in color, the color darkened, and the
cuticle hardened partially within a few hours.
Klowden [10] and Way [30] reported that accumulation of exocuticular tannin protein by quinones
due to oxidation of dehydroxyphenols secreted by
epidermal cells through pore channels was the cause
for darkening and hardening of the cuticle after molting.

Lee et al. [29] reported that thickness increase occurred by addition of lamellae and Klowden [10]
showed that exo-endocuticle differentiation at procuticle became clear before apolysis. According to
Klowden [10], Chapman et al. [12] and Wigglesworth [26] tannin accumulation and crosslinking to
form exocuticle can be considered as secondary
events that occur after molting.
Pore channel configurations observed in the
structure of larval integument beneath the epicuticle
that branched at exocuticle and merged at endocuticle were reported by Way [30] for Diataraxia
oleracea (Linnaeus, 1758) (Lepidoptera: Noctuidae)
larva cuticle; he asserted that this structure was characteristic of Lepidoptera larvae. Similarly, epicuticular tubercles observed as dome-shaped at the beginning of the larval instar and spread by the end of this
instar were reported by Unsal & Ayvali [13] for
Agrotis segetum (Schiffermuller, 1775) (Lepidoptera: Noctuidae) by Noble [31] for Podura aquatica
(Linnaeus, 1758) (Poduromorpha: Poduridae), and
by Way [30] for D. Oleracea larvae integuments.
They reported that these tubercles occurred only in
organisms with soft cuticles, were likely to be associated with lifestyle, and their task was to facilitate
the elasticity of the epicuticle as well as to allow their
growth and elongation. Way [10] stated that these tubercles were characteristic to Lepidoptera larvae.
Epidermal cells were flat and chromatin of the
nucleus spread between 12 and 60 hours. The procuticular layer and the chromatin in the nucleus became
clear at similar times by 60 hours. Epidermal cells
became cubic-shaped by mitosis at 72 hours before
the interzone cuticle was formed by epidermal cell
secretion of cuticle observed at 84 hours. It is likely
that this secreted cuticle belonged to the following
(seventh) instar.
A study on Manduca sexta (Linnaeus, 1763)
(Lepidoptera: Sphingidae) by Wielgus & Gilbert
[32] showed that the nuclei of the epidermis cells
were in the interphase stage between the syntheses
of two cuticles during the larval instar. Unsal &
Ayvali [13] reported in their study on A. segetum larvae that epidermal cells underwent shape changes
with mitosis before apolysis and according to
Ishimoto & Kitamoto [33] and White & Ewer [34]
this situation occurred because of the increase in the
levels of 20-ecdysones.
After 96 hours, epidermal cells separated from
old cuticle by forming folds for epicuticular tubercles through the line where interzone cuticle formed
and apolysis occurred. The substance secreted by epidermal cells in a small quantity under the interzone
cuticle at 84 hours was understood to belong to the
epicuticle substance of the new cuticle by observation of histological sections at 96 hours. Other histological sections obtained at 96 hours showed that endocuticular lamellae of the old procuticle separated
from each other after apolysis, were hydrolyzed by
molting fluid, and the epidermal cells absorbed this

CONCLUSION
Structural difference of the insect and vertebrate skeleton, their need to molt for growth and development at the larval stage, and having chitin facilitated the development of various insecticidal
chemicals. Determination of stages for the insect integument cuticle synthesis, accumulation, formation
and degradation in a time-dependent manner is expected to be beneficial for the research of ecofriendly chitin selective insecticides at applications
in future.
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ABSTRACT

INTRODUCTION

Apple is the fourth most important fruit, known
and valued around the world. The numerous potential health benefits are reffeed to apple regular consumption. Many factors affect the phytochemical
profile of apples, some of them can be applied for
optimalisation of the health benefits of apples. The
aim of this investigation was the characterisation of
the effect of application of boric acid, melatonin, and
gibberellic acid on µ$PDV\D¶ DQG µ*UDQQ\ 6PLWK¶
apples morphological and biochemical features. Apple trees were sprayed with boric acid at concentrations of 50 and 75 ppm, gibberellic acid (50 and 75
ppm) and melatonin (50 and 75 ppm), than the physical attributes and chemical composition of fruits
was investigated. All treatments significantly increased total soluble solids and phenols content in
friuits as well as organic acids except for malic acid.
Malic acid was determined as 9316-2439 mg/100
ml, total flavonoids 704-302, while total antioxidant
activity 65.02 to 3.97 % DPPH.The observed differences in composition presented a significant magnitude that they may affect both nutritional and sensory
properties. The most important for consumers aples
charcateristics, like sweetness, can be effetively
modified by boric acid, gibberellic acid or melatonin
treatment in the manner decribed, but exact mechanisms by which these are accomplished are largely
unknown.

Apple (Malus x domestica Borkh.) is one of the
most important fruit crops in the Rosaceae family.
Apple is valued from ancient times because of attractive flavor and taste.Nowadays, the high level of prohealth compounds confers apples relevant nutraceutical properties, and apple consumption has been
deeply encouraged [1].Organic acids, especially
malic acid, determine fruit flavor and pro-health
quality with resect to lowering of the postprandial
blood glucose and insulin responses [2]. Consumption of apples inhibits cancer cell proliferation, lowers fat oxidation and lowers cholesterol as a result of
very high level of effective antioxidants, like quercetin, catechin, phloridzin and chlorogenic acid [3].
Phenolic compounds also display a broad spectrum
of pro-health activities, including protection against
DNA oxidation, prevention of cancer diseases,
reduction the risk of cholesterol and cardiovascular
diseases[4].
In apple production, gibberellins are used to
stimulate branching, to inhibite offlower formation,
decrease of russeting, control fruit shape[5, 6, 7, 8,
9], but their effect on apple quality with respect to
market demands and chemical composition is still
poorly described[10]. Melatonin acts also as PGR
through modulating of the plant growth and delay induced leaf senescence, moreover itserves plants
against internal and environmental oxidative stressors. Melatonin directly scavenges free radicals and
up-regulates the expression of genes for antioxidant
enzymes consequently is incresingly applied to protect crops grown in stress conditions [11, 12, 13].
Melatonin increase the productivity of cropsvia
preservation of chlorophyll, promotion of photosynthesis, and stimulation of root development [14].Apple trees are sensitive to boron deficiencience, because boron is a structural component of growing tissues where it facilitates cell wall formation and extension [14]. Positive effects of boric acid spraying
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gibberellic acid 50 and 75 ppm and melatonin 50 and
75 ppm in a phase of fruit maturation, approximately
45 days before harvest. Applications were made
early in the morning. Control trees were sprayed
with distilled water. The experiment was set up in
three replications.Fruits were collected in a stage of
harvest maturity from five trees per each replication.
Randomly selected 20 fruits was a plant material
used for each analysis described below performed on
whole fruit parts for consumption included skin and
peel.

on apple fruit physical and biochemical parameters
were reported by [15] and[16].
The use of fertilizers in high concentrations, especially phosphorus (P), can lead to large environmental pollution [17]. Heavy metal toxicity and fertilizer are one of the major abiotic stresses leading to
hazardous effects in plants. Plants and pollens are
among the most sensitive to atmospheric pollution.
Both quality and yield are inhibited by adverse environmental conditions[18]. Generally, stone fruit species and mulberries are found to be more contaminated with trace elements and heavy metals than
other fruits [19]. The use of fertilizers at appropriate
doses increases efficiency but excessive use has a
huge impact on environmental pollution [20].
Latest literature evidence makes gibberelic
acid, melatonin and boric acid an interesting substances for use as a natural biostimulating treatment
for improve yield and quality of apple fruits in different ways.We hypothesized that mentioned substances can effectively affect a vide range of apple
fruit characteristics. The effect of gibberelic acid,
melatonin and boric acid spraying on investigated
parameters could be signifficant but differentiated
because different metabolic pathways affected by
these chemical compounds. The additional aim of
our investigations was to determine the varietal-depended reaction of apples against gibberelic acid,
melatonin and boric acid spraing native to Anatolia,Turkish red-IUXLW µ$PDV\D¶ DQG QDWLYH WR $XV
tralia, green-IUXLWµGranny Smith¶

Pomological characteristics. Pomological
analyses included fruit weight (g) and seed weight
per a fruit (g) determined with a balance sensitive to
0.01 g. Fruit width and height, seed length and width,
fruit stem length and thickness, and fruit shell thickness were measured with a caliper sensitive to 0.01
mm. The shape index (fruit height/fruit width) was
counted. Pulp hardness was determined with hand
penetrometer by lifting a thin layer on fruit surface.
pH was measyred with pH meter (Hanna HI98103,
USA), total soluble solids (TSS) with hand refractometer(Retail Digital Refractometer, China) and titratable acidity (TEA) with titration method [23, 24].
Flavonoidler
(UV-Spectrophotometric
Method). For total flavonoid content determination,
Apple juice was mixed with methanolic extract
solution (0.5 ml), distilled water (2 ml) and then the
NaNO2 solution (5%, 0.15 ml). After 6 minutes, the
AlCl3 solution (10%, 0.15 ml) was added and after
next 6 minutes NaOH solution (4%, 2 ml) was added
to the mixture. Distilled water was added to the final
volume of 5 ml, and the absorbance was measured
after 15 minutes at 510 nmwith the spectrophotometer (Shimadzu, Tokyo, Japan). Catechin was used to
calculate the standard curve (50-500 ppm) and the
results were expressed as (+) - chatechin equivalents
(CE) in each mg of the extract[25].

MATERIALS AND METODS
Plant material and experimental design. The
experiment was carried out in a commercial apple
RUFKDUG ORFDWHG LQ WKH 6LYDVOÕ GLVWULFW RI 8úDN
province, Turkey, in 2016 and 2017. The climate of
the region is temperate climate (Csa) according to
.|SSHQ¶VFODVVLILFDWLRQ7KHVRLOW\SHZDVD loamy
sandy according to the classification of the Food and
Agriculture Organization of the United Nations. 4year-ROG µAmasya¶ and µGranny Smith¶ apple
varietiesgrafted on M9 rootstock were the object of
investigation. Planting distance was 3.0 m between
the rows and 1.2 m within the rows for both cultivars.
Cultivation procedures (pruning, irrigation,
fertilisation, plant protection against pests and
diseases) were performed in the orchard.µ$PDV\D¶
DQG µ*UDQQ\ 6PLWK¶ DUH ZLGHO\ JURZQ LQ 7XUNH\
µ$PDV\D¶WKHPRVWLPSRUWDQWancient apple cultivar
native to Turkey, is appreciated by consumers, but
scale production is diminished by low yield, biennial
bearing, early blooming and poor fruit skin
colouring. µ*UDQQ\6PLWK¶LVRQHRIWKHPRVWZLGHO\
grown commercial apples, valued for its green
colour, sharp flavour and firm texture [21, 22]. The
six experimental treatments were as follows:
sprayingof trees with 50 and 75 ppm of boric acid,

Total antioxidant activity. Determination of
DPPH radical scavenging activity was performed by
the method of [26]. 1 ml of 10-4 M DPPH in methanol solution was taken and transferred to aluminum
foil coated glass tube. Prepared 0, 3, 1.25, 6.25, 12.5,
ȝJml antioxidant sample solutions of 3 ml in methanol were added on DPPH solution. 3 ml of pure methanol was added to the control tubes. Then samples were kept in the dark and
room temperature for 30 minutes and then absorbance measured at 517 nm against a methanol. Ascorbic acid and trolox were used as standard [27, 28].
The percentage of DPPH scavenging activity was
calculated using the following equation:
% DPPH = [(Ac - As)/Ac] x 100
where Ac was the absorbance of the negative control
(contained extraction solvent instead of the sample)
and As was the absorbance of the samples. The resulWVZHUHH[SUHVVHGDV(& ȝJml).
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Total phenolics. Total phenolics were determined with the Folin-Ciocalteu phenol reagent procedure. [29]. Absorbance was detected at 765 nm
with a spectrophotometer (Jasco V-530, company,
country). The total phenolic contentwas expressed as
mg of gallic acid equivalents (mg GAE/l of extract).

DQG/HYHQH¶VWHVWIRUKRPRJHQHLW\RIYDULDQFH'H
scriptive statistics and one way anova was performed
with SAS 9.4. R software was used for principal
component analysis (PCA) using ggplot2 and factoextra packages.

Organic acids. Organic acids contents in apple
juicewas analyzed with the use of [30] method. Juice
was acquired through crushing the fruits in tulle. The
samples were kept at -18°C until analyzes. 5 ml of
each sample was blended with 20 ml of 0.009 N
H2SO4 (Heidolph Silent Crusher M, Germany), then
homogenized throughout one hour with a shaker
(Heidolph Unimax 1010, Germany). The prepared
mixtures were centrifuged for 15 minutes at 15,000
rpmDQGVXSHUQDWDQWVZHUHVWUDLQHGZLWKDȝP
skin strainer the following filtration through a thick
filter (Millipore Millex-HV Hydrophilic PVDF, Millipore, USA) and run through a SEP-PAK C18 cartridge. Organic acid measurement was performed
with Agilent 1260 series HPLC using an on-line degasser (G 1322A), quat pump (G 1311A), autosampler (G 1313A), the column heater (G 1316A),
and UV detector (G 1315A) at 214 and 280 nm
wavelengths, controlled with the Agilent package
program.

RESULTS
Morphologicalcharacteristics. Among the
external
characteristics
determining
apple
qualityconsumers assess colour, size, shape, and
absence of defects.Firmness and sugar content are
important quality attributes that directly influence
consumers on purchasing fresh apple fruit [32].
µ$PDV\D¶ DQG µ*UDQQ\ 6PLWK¶ VKRZHG GLIHUHQW
reaction on gibberelic acid, melatonin and boric acid
treatment with respect to morphological fruit
characteristics (Tables 1 and 2). µ$PDV\D¶ IUXLW
hardiness was negatively affected by gibberelin acid
application in concentration 50 and 75 ppm as well
as melatonin in concentration 75 ppm. Spraying with
boric acid (50 ppm) and gibberelin acid (75 ppm)
significantly increased- but melatonine(75 ppm)
significantly decresed seed weight as compared to
the control. µ*UDQQ\ 6PLWK¶ UHDFWLRQ DJDLQV
experimental treatments was more diferentiated.
Fruit weight was significantly decreased by
gibberelic acid treatment (75 ppm). According to[5]
gibberellins can inrease fruit set but the response of
apple trees against gibberelins application is
unpredictable, includingi.a.reduction of fruit size.
Mentioned side effect gibberelic acid application
could be a reason of above described results of this
study. Boric accid (75 ppm) and melatnine (50 ppm)
affeced fruit shape index. Boric acid (75 ppm) and
gibberelic acid (50 ppm) decreased fruit hardness as
compared to the control. Boric acid (50 ppm) and
gibberelic acid (75 ppm) significantly decreased but
melatonine (75 ppm) significantly increased seed
weight. Melatonine (75 ppm) possitively affected
stalk width. [33] determined the possitive effect of
boric acid spraying on size, and colour, of µ-RQDJROG¶
fruits compared to those of the control trees. This effect was not confirmed in conditions of present experiment. According to [15] boron sprays had no effect on the number of seeds in apple fruit. This observation was confirmed by presented results with
respect to seed weight. Boron spraying could also
significantly affect fruit hardness but only for
µ*UDQQ\ 6PLWK¶ SUREDEO\ WKURXJK DFFHOHUDWLRQ RI
formation and axtension of cell wals, reported by
[15].
The PCA biplot (Fig. 1) showed the contributions of each determined element toward the first and
second PCs. Arrows indicated eigenvectors, the

Phenolic acids. Phenolic acids were determined via method of [31]. Fruit extracts were
blended with pure water in a proportion 1:1. The
mixturewas centrifuged for 15 minutes at 15,000
rpm. The isolation of phenolic acids was carried out
with an Agilent 1260 series HPLC system equipped
with on-line degasser (G 1322A), quat pump (G
1311A), autosampler (G 1313A), the column heater
(G 1316A), and UV detector (G 1315A). Instrument
control and data analysis were carried out using Agilent HPLC Chemstation 10.1 edition via WindowsMicrosoft 2000.
Ascorbic acid. After mashing and filtering, the
samples were homogenized by centrifuge and 400
ȝ/R[Dlic acid (0.4 %) and 4.5 ml 2,6-diclorofenolindofenol solution was added to the supernatant.
The data were read spectrophotometrically at the
wavelength of 520 nm against the blank.
Statistical Analysis. The data from all trials
were pooled over the years due to similarities in responses. Statistical analysis was perfomed in R 3.3.4
ve SAS/STAT® 9.4. One way analysis of variance
was used to compare means for each variety separately for every evaluated variables.Results were
presented as means for three replications ± standard
deviation. DunFDQ¶VSRVWKRFWHVWZDVXVHGIRUPXO
tiple comparsion. To check analysis of variance assumption was used Shapiro Wilk test for normality
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TABLE 1
Morphological fruit chaUDFWHULVWLFVRIµ$PDVLD¶
Treatment

ANOVA

Control
B50*
B75
G50
G75
M50
M75
Mean
F
p
R2

Treatment

ANOVA

Control
B50*
B75
G50
G75
M50
M75
Mean
F
p
R2

Fruit weight
(g)
130.02 ±14.53
130.42±30.96
155.97±31.27
148.55±33.24
138.60±21.88
144.45±23.68
144.01±33.97
141.72±28.07
1.15
0.3445
0.0986
Seed weight
(g)
0.049B ±0.00
0.054A ±0.00
0.048B ±0.00
0.049B ±0.00
0.053A ±0.00
0.049B ±0.00
0.043C ±0.00

Fruit width
(mm)
71.48±4.28
71.13±6.69
74.87±6.14
71.12±5.6
73.21±6.35
76.30±6.55
71.23±9.53
72.76±6.62
1.01
0.4289
0.0875
Seed width
(mm)
3.87±0.19
4.53±0.33
4.51±0.14
4.14±0.47
3.96±0.60
4.29±0.43
4.11±0.60

Fruit height
(mm)
60.94±4.49
59.43±5.76
66.26±5.58
63.23±8.29
62.32±3.2
64.76±5.4
64.28±5.89
63.03±5.87
1.68
0.1399
0.1381
Seed height
(mm)
7.32±0.66
8.50±0.62
7.76±0.47
7.53±0.55
7.47±0.38
8.05±0.27
7.69±0.34

Fruit shape index%
0.85±0.05
0.84±0.08
0.89±0.07
0.89±0.12
0.86±0.06
0.85±0.08
0.91±0.09
0.87±0.08
0.99
0.4368
0.0865
Stalk width
(mm)
2.28B ±0.34
2.61B ±0.70
3.40AB ±0.49
3.07AB ±0.99
3.46AB ±1.27
4.40AB ±1.64
5.24A ±1.87

38.71
<0.0001
0.9431

1.08
0.4207
0.3160

2.03
0.1290
0.4652

2.29
0.0947
0.4951

Fruit hardness
(Ib)
4.19A ±0.17
3.61ABC ±0.32
3.50ABC ±0.42
3.46BC ±0.12
2.92C ±0.67
4.01AB ±0.25
3.25C ±0.29
3.52 ±0.53
4.32
0.0089
0.6183
Stalk height
Peel thickness
(mm)
(mm)
19.09±3.38
1.35±0.08
18.78±5.47
1.07±0.23
19.55±3.02
1.08±0.09
19.73±2.73
0.99±0.17
16.96±1.25
0.97±0.26
20.10±4.19
1.05±0.08
16.63±6.70
1.10±0.13
0.32
0.9149
0.1210

Jan.80
0.1775
0.4358

*spraying of trees with 50 and 75 ppm of boric acid (B50, B75, respectively), gibberellic acid 50 and 75 ppm
(G50, G75, respectively) and melatonin 50 and 75 ppm (M50 and M75, respectively)

FIGURE 1
PCA chart of applications and PRUSKRORJLFDOIUXLWFKDUDFWHULVWLFVRIµ$PDVLD¶
For abbreviations see Table 1
weight, fruit height and stalk heigth made the highest
contribution to explain the changes in practice. The
lowest effect was performed by seed height, peel
thickness, and fruit hardness, respectively. A strong
positive correlation between fruit weight and height
was shown as well as a negative correlation between
mentioned characteristics and peel thickness. The

length and direction of each vector reflect the
strength and the trait correlation relative to the first
two PCs. The PCA plot showed that variability of
µ$PDVLD¶YDULHW\IUXLWPRUSKRORJLFDOFKDUDFWHULVWLFV
which were distributed in the positive and negative
sides of both axes. The first two PCs explained
62.3% of the variation in mentioned data. Fruit
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control group was characterised with the highest peel
thickness and the lowest fruit weight on PCA chart.
The melatonine application in a dose of 50 ppm was
the most effecive application in terms of seed and
fruit width but in the dose of 75 ppm was the less

effective for all features, except stalk width and fruit
shape index. The gibberelic acid application (50
ppm) was a middle effective in terms of all features
discussed.

TABLE2
0RUSKRORJLFDOIUXLWFKDUDFWHULVWLFVRIµGranny Smith¶ apple
Treatment

ANOVA

Control
B50*
B75
G50
G75
M50
M75
Mean
F
p
R2

Treatment

Seed weight (g)

Control
B50
B75
G50
G75
M50
M75
Mean
ANOVA

Fruit weight
(g)
198.57AB ±35.16
193.94AB ±25.02
172.13BC ±34.96
169.71BC ±38.52
144.07C ±28.46
198.31AB ±38.68
233.5A ±24.56
187.17 ±39.88
3.77
0.0071
0.4470

F
p
R2

0.076 ±0.00
0.074 ±0.00
0.075 ±0.00
0.080 ±0.00
0.069 ±0.00
0.075 ±0.00
0.080 ±0.01
0.07 ±0.00
2.08
0.1221
0.4707

Fruit width (mm)
78.29AB ±4.52
78.77AB ±2.86
75.79BC ±5.41
75.04BC ±6.35
70.80C ±5.19
80.91AB ±4.1
83.61A ±1.84
77.60 ±5.71
4.22
0.0038
0.4746
Seed width
(mm)
4.71 ±0.33
5.54 ±0.61
4.64 ±0.59
5.17 ±0.46
4.88 ±0.24
4.57 ±0.54
5.21 ±0.31
4.96 ±0.51
1.81
0.1678
0.4357

Fruit shape index
Fruit hardness
%
(Ib)
0.93A ±0.03
3.20B ±0.49
0.94A ±0.05
3.32AB ±0.05
0.86B ±0.05
3.88A ±0.28
0.89AB ±0.03
3.97A ±0.38
0.89AB ±0.01
3.52AB ±0.40
0.87B ±0.05
3.14B ±0.40
0.91AB ±0.04
3.72AB ±0.22
0.90 ±0.04
3.54 ±0.43
2.82
2.73
0.0284
0.0568
0.3764
0.5394
Stalk width
Stalk height
Peel thickness
(mm)
(mm)
(mm)
2.17 ±0.54
23.76 ±2.01
1.30 ±0.57
2.52 ±0.18
18.60 ±2.15
1.20 ±0.09
2.69 ±0.65
21.55 ±3.35
1.70 ±0.32
2.50 ±0.34
23.61 ±2.98
1.44 ±0.21
1.99 ±0.15
23.47 ±2.22
1.32 ±0.22
2.66 ±0.37
26.88 ±3.47
1.64 ±0.29
2.61 ±0.28
23.55 ±7.29
0.94 ±0.22
2.45 ±0.42
23.06 ±3.95
1.36 ±0.36
1.38
1.34
2.20
0.2874
0.3029
0.1055
0.3723
0.3651
0.4850

Fruit height (mm)
72.79AB ±4.39
73.66AB ±5.36
65.41C ±7.52
66.86BC ±3.54
63.28C ±5.14
70.26ABC ±5.4
75.89A ±3.75
69.74 ±6.43
4.11
0.0044
0.4683
Seed height
(mm)
3.30B ±3.75
8.09A ±0.85
8.39A ±0.25
7.69A ±0.60
7.91A ±0.50
7.97A ±0.13
8.24A ±0.30
7.37 ±2.12
4.42
0.0104
0.6543

* For abbreviations see Table 1

FIGURE 2
3&$FKDUWRIDSSOLFDWLRQVDQGPRUSKRORJLFDOIUXLWFKDUDFWHULVWLFVRIµ*UDQQ\6PLWK¶
For abbreviations see Table 1
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treated with gibberelic acid in both concentrations.[33] confirmed the possitive effect of boric acid
spraying on total soluble solids of µ-RQDJROG¶IUXLWV
[34] demonstrated for two varieties of cherries, that
firmness and soluble solids content were systematically higher for the fruits treated with GA3. Soluble
solids are the most simple and effective sugar content determinants [35]. The possitive efect of all experimental treatments on TSS pointed that this
method can be effective in increasing one of the most
important for consumers characeristic of apples the
sweetness.
The highest total phenols content was determined in apples harvested from trees sprayed with
boric or gibberelic acid in concentration of 75 ppm
and the lowest in control fruits. Contrary, the control
fruits and fruits treated with boric acid (50 ppm)
showed highest total flovanoids and total antioxidant
activity. µ*UDQQ\ 6PLWK¶ VSUD\LQJ ZLWK ERULF DFLG
and melatonine, both in concentration of 75 ppm,
significantly increased ph of apple fruit in compariVRQ WR WKH FRQWURO 6LPLODW WR µ$PDV\D¶ µ*UDQQ\
6PLWK¶IUXLWVWUHDWHGZLWKJLEEHUHOLFDFLGLQERWKFRQ
centrations showed the highest values of total soluble solids. The highest total phenols content was determined in apples harvested from trees sprayed with
gibberelic acid and melatonin in both concentrations
and the lowest in control fruits. Spraying treatments,
with the exception of boric acid (50 ppm), negatively
affected total flavonoids and total antioxidant activity RI µ*UDQQ\ 6PLWK¶ IUXLWVStudies of [1] showed
that polyphenols content in apple fruits is highly influenced by external factors, while volatile profile is
under a stronger genetic control, thus more stable
across different environments. The high level of polyphenols, corellated with hifh total antioxidant activity confer apples relevant nutraceutical properties[32]. Accrding to [36] and[37] melatonin directly
scavenges hydrogen peroxide and increases activity
of antioxidant enzymes efficient in degrading H2O2.
Our results did not confirmed cited observations.

PCA model that conducted to analyzed morphological fruit characteristics variables from the
Grany Smith control group and other application
samples, explained 64.8% of the total variability
with two PCs. The loading plots of the first two principal components are shown in Figure 2. High positive correlation between Seed width and Fruit shape
index was observed. Similarly, there were a high
positive correlation among Fruit height, weight and
width as well. However, strongly negative correlations was observed between Peel thickness and Seed
width and Fruit shape index. The variables with
highest contributions in accounting for the variability in PC1 were Fruit height, weight, width and shape
index. In PC2 were seed weight.
PCA showed that M75 group was characterized
by a highest values of Fruit height, weight, width
than other groups. B50 has the highest values of Seed
width and Fruit shape index. Grany Smith control
has a value between M75 and B50 in terms of these
properties. While B75 is the highest value in terms
of peel thickness, G50 has the highest value in terms
of fruit hardness.
pH, total soluble solids, phenols, flavonids
content, and total antioxidant activity.The
variance analysis results in terms of the variables
were statistically significant in all groups (p<0.001)
for both investigated YDULHWLHV µ$PDV\D¶ DQG
µ*UDQQ\6PLWK¶ (Tables 3 and 4). OnlyR2 for total
flavonoids was 76.13% while for other variables
examined R2 exceded 90%. This reveals both the
suitability of the established statistical model and the
high rate of explaining of the variances derived from
the practices in the analyzed variables. Statistically,
differences between treatments refarding apple pH
values were significant at high level (p <0.0001).
The the lowest pH FKDUDFWHULVHGµAmasya¶ DSSOHV
theated with with melatonine in concentration of 75
ppm. There were no statistical diffeternces among
remaining treatments regarding pH.
The lowest total soluble solids content characterised control apples, while the highest ± fruits

TABLE3
pH, total soluble solids, phenols, flavonids content, and total antioxidant activity RIµ$PDV\D¶IUXLWas
dependent on foliar spraying withgibberelic acid, melatonin and boric acid
Treatments

ANOVA

Control
B50*
B75
G50
G75
M50
M75
Mean
F
P val.
R2

pH
%
4.40B ±0.03
4.43B ±0.05
4.37B ±0.01
4.40B ±0.05
4.59A ±0.01
4.38B ±0.03
4.31C ±0.03
4.41 ±0.09
24.55
<0.0001
0.9132

Total soluble solids
qBrix
9.19E ±0.08
11.23C ±0.06
11.05C ±0.02
12.88A ±0.37
13.01A ±0.15
10.24D ±0.17
12.17B ±0.07
11.40 ±1.33
179.35
<0.0001
0.9871

Total phenols (mg GAE/l)
255.33F ±2.52
325.00B ±5.00
341.33A ±10.26
284.67D ±1.53
347.00A ±1.00
264.67E ±2.52
299.67C ±3.06
302.52 ±34.81
572.67
<0.0001
0.9959

*For abbreviations see Table 1
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Total flovanoids
(GAE/l)
703.33A ±7.64
704.00A ±7.55
505.00C ±9.54
504.00C ±8.54
443.00E ±7.00
674.33B ±11.59
463.67D ±6.51
571.05 ±111.56
7.44
0.001
0.7613

Total antioxidant
activity (%DPPH)
7.00A±0.05
6.26AB ±0.78
5.61BCD ±0.47
5.92ABC ±0.48
4.66DE ±0.70
4.76CDE ±1.16
3.97E ±0.46
5.46 ±1.14
202.57
<0.0001
0.9886
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TABLE 4
pH, total soluble solids, phenols, flavonids content, and total antioxidant activityRIµ*UDQQ\6PLWK¶IUXLW
as dependent on foliar spraying withgibberelic acid, melatonin and boric acid
Treatment

ANOVA

Control
B50*
B75
G50
G75
M50
M75
Mean
F
P val.
R2

Total phenols
(mg GAE/l)

Total flovanoids
(GAE/l)

3.18BC ±0.00
3.20B ±0.01
3.13D ±0.03
3.26A ±0.03
3.15CD ±0.00
3.21B ±0.01
3.12D ±0.04
3.18 ±0.05
21.44
<0.0001

Total soluble solids
qBrix
11.14C ±0.02
10.19D ±0.04
11.04C ±0.03
12.25A ±0.18
12.30A ±0.02
11.63B ±0.39
10.19D ±0.06
11.25 ±0.84
83.93
<0.0001

135.67D ±5.03
195.67C ±8.5
225.33B ±9.61
228.00B ±8.19
245.33A ±11.93
228.33B ±10.69
251.33A ±0.58
215.67 ±38.15
63.72
<0.0001

302.00F ±4.58
339.67E ±3.06
537.33B ±5.51
400.00D ±2.00
561.33A ±1.53
523.33C ±7.02
563.33A ±6.51
461.00 ±105.41
1631.80
<0.0001

Total antioxidant activity
(%DPPH)
65.02 A ±1.36
54.61C ±1.46
47.22D±1.83
59.04B ±2.41
55.12C ±2.78
61.23B ±1.91
51.98C ±2.46
56.32 ±5.92
24.40
<0.0001

0.9018

0.9729

0.9646

0.9985

0.9127

pH
%

*For abbreviations see Table 1
TABLE5
Oxalic, malic, ascorbic and gallic acid content (mg/100 ml LQµ$PDV\D¶IUXLWDVGHSHQGHQWRQIROLDUVSUD\
ing withgibberelic acid, melatonin and boric acid

ANOVA

Treatment
Control
B50*
B75
G50
G75
M50
M75
Mean
F
P val.
R2

Oxalic acid
347.00E±5.57
420.33D±2.52
489.33A±6.66
431.67C±2.08
451.00B±6.56
487.33A±3.06
494.33A±2.52
445.86±50.06
401.91
<0.0001
0.9942

Malic acid
3513.00A±1.00
2797.00C±1.00
2525.67E±10.69
2843.67B±15.89
2604.33D±3.06
2783.33C±8.50
2439.33F±0.58
2786.62±336.13
5847.49
<0.0001
0.9996

Ascorbic acid
43.48BC±1.08
43.55BC±0.32
62.63A±17.21
50.56B±0.45
40.15BC±0.04
50.27B±0.25
37.54C±0.36
46.88±9.70
5.03
0.006
0.6830

Gallic acaid
18.06E±0.45
36.69A±0.22
19.65D±0.11
19.63D±0.39
21.88C±0.30
19.43D±0.01
22.95B±0.99
22.61±6.10
576.22
<0.0001
0.9959

*For abbreviations see Table 1
TABLE 6
Oxalic, malic, ascorbic and gallic acid content (mg/100 ml LQµ*UDQQ\6PLWK¶IUXLWDVGHSHQGHQWRQIROLDU
spraying withgibberelic acid, melatonin and boric acid

ANOVA

Treatment
Control
B50*
B75
G50
G75
M50
M75
Mean
F
P val.
R2

Oxalic acid
296.00CD ±2.00
299.33BC ±9.02
312.33A ±10.6
254.00E ±3.61
285.67D ±4.51
291.00CD ±6.56
308.00AB ±2.00
292.33 ±19.01
27.99
<0.0001
0.9230

Malic acid
9316.00A ±2.00
8782.33B ±3.21
8506.00E ±6.00
8616.00C ±10.00
7355.00F ±5.00
8619.00C ±4.58
8543.67D ±9.50
8534.00 ±558.33
8534
<0.0001
0.9999

Ascorbic acid
22.15A ±0.01
22.21A ±0.23
21.60B ±0.05
21.57B ±0.27
20.49C ±0.34
22.09A ±0.05
19.31D ±0.03
21.35 ±1.03
96.99
<0.0001
0.9765

Gallic acaid
18.17D ±0.04
20.84A ±0.02
19.19C ±0.06
14.55E ±0.12
20.34B ±0.02
18.33D ±0.05
14.63E ±0.32
18.01 ±2.40
1046.22
<0.0001
0.9977

*For abbreviations see Table 1

Organic acids content. Organic acids deterine
apple fruit flavor and contribute to its organoleptic
quality together with soluble sugars and aromas. According to [3] acdorbic acid in apples contributed
less than 0.4% of total antioxidant activity. [38]
found that the average concentration of ascorbic acid
among six apple cultivars was 12.8 mg/100 g

fruit.The malic acid, known as apple acid, was domLQDQWRUJDQLFDFLGLQµ$PDV\D¶DQGµ*UDQQ\6PLWK¶
fruits (Tables 5 and 6). All experimental teatments
caused decrease in malic acid content in fruits of
both cultivars as compared to nonsprayed control,
althogh the effect of higher dose of preparation was
PRUH VXEVWDQWLDO 6SUD\LQJ RI µ$PDV\D¶ WUHHV ZLWK
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boric acid, gibberelic acid or melatonine significantly increased oxalic and gallic acid content in
fruits as compared to the control. The ascorbic acid
FRQWHQW ZDV WKH KLJKHVW LQ µ$PDV\D¶ IUXLWV WUHDWHG
ZLWKERULFDFLLQFRQFHQWUDWLRQRISSPµ*UDQQ\
6PLWK¶IUXLWVFRQWDLQHGWKHKLFKHVWDPRXQWRIR[DOLF
acid as an effect of boric acid or melatonine treatment, both in concentration of 75 ppm. Ascorbic acid
content was the highest in control fruits as well as in
those harvested from trees treated with as boric acid
or melatonine treatment, both in concentration of 50
ppm. Boric acid treatment (50 ppm) the most signifLFDQWO\ DIIHFWHG WKH JDOOLF DFLG FRQWHQW LQ µ*UDQQ\
6PLWK¶IUXLWV$FFRUGLQJWR$DVKLTHWDO  WKH
application of boric acid as foliar spray significantly
LQFUHDVHG WKH DVFRUELF DFLG FRQWHQW LQ µ5HG 'HOL
FLRXV¶IUXLWV

had the most possitive impact on protocatechuic acid
but negative - RQ FDIIHLF DFLG OHYHO LQ µ$PDV\D¶
fruits. Vannilic acid content was the highest in fruits
harvested from the trees sprayed with melatonine in
a dose of 50 ppm. Regarding caffeic acid, significant
differences were found betweem the control fruits
(lowest level) and gibberelic acid (75 and 50 ppm)
and melatonin (75 ppm) treatments. Application of
boric acid (50 ppm) the most significantly increased
pURWRFDWHFKXLFDFLGFRQWHQWLQµ*UDQQ\6PLWK¶IUXLWV
Boric acid (50 and 75 ppm), gibberelic acid (75 ppm)
or melatonine in a dose of 50 ppm affected significanly and possitively vanilic acid content. There
were statistical differences between gibberelic acid
treatments and the control with respect to saffeic acid
level in fruits.Borric acid inn concentration of 50
ppm was the most effective with respect to increase
V\ULQJLFDFLGFRQWHQWLQµ*UDQQ\6PLWK¶IUXLWV0DQ
yauthors inderlined the crucial effect of the variety
on the concentration of phenolics in apple fruits[39,
40]. Differences were pointed mainly between apples for fresh consumption and commercial varieties,
characterised by higher level of phenols and astringent or bitter taste [41].

Phenolicsacids. In the present research, it was
shown that syringic acid content was higher than
other phenolics in µAmasya¶ IUXLWV. In µGranny
Smith¶, caffeic acid¶VFRQWHQW was higher than protocatechuic, vanillic, and syringic acids (Tables 7 and
8). Application of melatonine in a dose of 75 ppm

TABLE7
Protocatechuic, vanillic, caffeic and syringic acid content (mg/100 ml LQµ$PDV\D¶IUXLWDVGHSHQGHQWRQ
foliar spraying withgibberelic acid, melatonin and boric acid

ANOVA

Treatment
Control
B50
B75
G50
G75
M50
M75
Mean
F
P val.

Protocatechuic acid
0.14E±0.01
0.23DE±0.01
1.05B±0.05
0.27D±0.10
0.16E±0.10
0.42C±0.01
2.01A±0.04
0.61±0.66
399.84
<0.0001

Vanillic acid
1.45C±0.39
2.30AB±0.29
2.07B±0.11
1.06D±0.07
2.06B±0.09
2.46A±0.03
1.04D±0.04
1.78±0.58
27.81
<0.0001

Caffeic acid
0.18B±0.05
0.23AB±0.10
0.23AB±0.01
0.32A±0.10
0.33A±0.03
0.25AB±0.01
0.34A±0.01
0.27±0.08
3.12
0.0373

Syringic acid
7.46C±0.48
9.25A±0.33
5.38D±0.32
5.05D±0.14
7.94BC±0.08
8.47B±0.41
5.48D±0.31
7.00±1.62
81.16
<0.0001

0.9941

0.9225

0.5719

0.9720

R2

*For abbreviations see Table 1
TABLE 8
Protocatechuic, vanillic, caffeic and syringic acid content (mg/100 ml LQµ*UDQQ\6PLWK¶IUXLWDVGHSHQG
ent on foliar spraying withgibberelic acid, melatonin and boric acid

ANOVA

Treatment
Control
B50
B75
G50
G75
M50
M75
Mean
F
P val.
R2

Protocatechuic acid
0.14F ±0.02
4.00A ±0.01
0.25E ±0.01
0.14F ±0.02
1.09C ±0.06
0.44D ±0.02
2.05B ±0.01
1.16 ±1.36
7546.01
<0.0001
0.9996

Vanillic acid
0.15D ±0.02
0.21C ±0.01
0.16D ±0.02
0.44B ±0.05
1.01A ±0.03
0.03E ±0.02
0.17CD ±0.03
0.31 ±0.32
433.66
<0.0001
0.9946

*For abbreviations see Table 1
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Caffeic acid
0.16D ±0.01
1.01C ±0.01
0.22D ±0.02
0.14D ±0.01
0.42D ±0.02
4.36B ±0.39
5.30A ±0.21
1.66 ±2.10
523.09
<0.0001
0.9955

Syringic acid
0.24A ±0.01
0.15BC ±0.01
0.12C ±0.01
0.16BC ±0.02
0.13C ±0.03
0.17BC ±0.05
0.19B ±0.04
0.17 ±0.05
6.46
<0.002
0.7347
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FIGURE 3
PCA chart of chemical fruLWFKDUDFWHULVWLFVRIµ$PDV\D¶
For abbreviations see Table 1

FIGURE 4
PCA chart of chemical fruit chaUDFWHULVWLFVRIµ*UDQQ\6PLWK¶
For abbreviations see Table 1

6941

© by PSP

Volume 27 ± No. 10/2018 pages 6933-6944

Fresenius Environmental Bulletin

Genotypic
differences
leaf
surface
characteristics among the cultivar could also
influenced the amounts of solution retained per unite
leaf area. According to [42] primary determinant of
boron appled in a form of leaf application was leaf
retention capacity. In that light, future studies on
penetration of preparations used in a form of spray
into leaf tisues should be performed. The
dependence of the degree of preparation panetrate
and leaf surfce morphology should be highlighted.

Principal component analysis (PCA) was conducted to confirm any relationships among the analyzed chemical characteristic variables from the
Amasya control group and other application samples. PCA model explained 63.2% of the total variability with two principal components (PC). The loading plots of the first two principal components are
shown in Figure 3. In Principal Component 1 (PC1)
correlated high positively with Malic acid, T. Flavonoid and DDPH; moreover, PC1 was inversely correlated with Oxalic acid, Caffeic acid and TSS. The
variables with highest contributions in accounting
for the variability in PC1 were Malic acid, T. Flavonoid and Caffeic acid. In PC2 were pH, Syringic acid
and Vanilic acid. In Principal Component 2 (PC2)
correlated high positively with Syringic acid, Vanilic
acid, Gallic acid and pH; moreover, PC2 was inversely correlated with Protocatechuic acid.
PCA showed that B50 were characterized by a
higher content of Syringic acid, Vanilic acid, Gallic
acid and pH than G75, M50 and B75 aplications.
However, Amasya control and M50 groups were
characterized by a higher content of Malic acid, T.
Flavonoid and Caffeic acid than G50 which has high
content T. phenol. These results corresponded to the
results described above in the on the 5, 6, 7 and 8
tables.
PCA model that conducted to analyzed
chemical characteristic variables from the Grany
Smith control group and other application samples,
explained 61.6% of the total variability with two
PCs. The loading plots of the first two principal
components are shown in Figure 4. High positive
correlation between T. flavonoid and T. phenol was
observed. Similarly, there was a high positive
correlation between Malic acid and Syringic acid as
well. However, these two groups variables were
negatively correlated with each other. In addition,
similar correlations were observed between Vitamin
C, pH, DDPH and Protocatechuic, Oxalic, and
Caffeic acids. The variables with highest
contributions in accounting for the variability in PC1
were T. Flavonoid, T. phenol and Malic acid. In PC2
were TSS and Oxalic acid.
PCA showed that B50 and Grany Smith control
groups were characterized by a higher content of
Syringic acid and Malic acid than G75 that has
highest content of Vanilic acid. G50 has the highest
TSS content. However, it has the lowest content in
terms of the other variables. Also, these results
corresponded to the results described above in the on
the 4, 6 and 8 tables.
[15] showed, that foliar spraying with boric
acid significantly increased fruit yield and fruit
SK\VLFDODQGFKHPLFDOSURSHUWLHVRIµ$QQD¶DSSOHV
According to [16] the application of 0.2% boric acid
as foliar spray significantly increased the fruit
OHQJWK GLDPHWHU DQG YROXPH RI µ5HG 'HOLFLRXV¶
apples grown in.

CONCLUSIONS
Presented study underlined the significance of
apples as rich source of phytochemicals in human
diet, although the distribution of most investigated
compounds was highly depended on the variety.It
was shown that apple trees foliar spraying with gibberelic acid, melatonin or boric acid could positivelyaffect the fruit morphological features and
FKHPLFDO FRPSRVLWLRQ µ$PDV\D¶ DQGµ*UDQQ\
6PLWK¶UHVSRQVHVIRUWUHDWPHQWVZHUHGifferent. This
indicated the necesserity of future investigations on
individual combination of variety, kind of preparation and its dose to obtain significant, predictable,
and stable effects with respest to apple fruit quality.
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flint corn, dent corn, popcorn, flour corn, and podcorn [4]. It is grown in different areas of Khyber
Pakhtunkhwa including Swat, Mansehra and Swabi
districts, for local markets [5]. Great potential is envisaged in sweet corn market and if its yield become
at par with field corn the income of the farmers can
be increased several fold. Very little systematic research has been done on this crop, particularly in
Khyber Pakhtunkhwa.
Early farmers gave preference to certain traits,
such as grain size, color, and taste which became the
bases of selection [6]. This mechanism gave rise to
the formation of landraces. It is imperative that landraces be collected and preserved throughout the
world, particularly in areas where modern cultivars
are replacing old germplasm. Surveying both qualitative and quantitative traits of existing landraces
may be useful in maintaining their genetic diversity
and preserving them from genetic erosion [7]. Planting time, environment and variety selection are the
key factors significantly affecting growth of crops
[8, 9, 10, 11, 12]. Microclimate plays an important
role in maximizing growth and yield of sweet corn.
Microclimate can be altered in many ways among
which planting date is the most important factor to
be considered. To fully explore grain production potential of sweet corn, it is essential to know how
plants interact morphologically and physiologically
in a community and to realize management practices,
which allow them to get the most out of growth resources in their environment [13].
Keeping in view the importance of indigenous
landraces and role of planting date for achieving
higher growths, this study was therefore initiated to
document numerous traits of landraces and to find
out optimum planting date.

ABSTRACT
Recording qualitative and quantitative traits of
landraces is useful in maintaining genetic diversity.
Landraces of sweet corn are grown for local markets
in Khyber Pakhtunkhwa, province of Pakistan. This
study was commenced to document changes in
growth attributes of sweet corn under different micro-environments induced through altered planting
dates. Four landraces {Mingora (MNG), Mansehra
(MNS), Swabi (SWB) and Parachinar (PRC)} with
cv. Azam (check) were planted on five dates at almost one month interval at New Developmental
Farm University of Agriculture Peshawar, Pakistan.
Randomized complete block (RCB) design with split
plots was used. Planting dates and landraces alone or
in combination significantly affected all parameters
studied. Sweet corn attained maximum leaf area index, absolute growth rate (AGR) and crop growth
rate (CGR) when planted in July during both years.
Whereas, maximum plant height and plant dry
weight were recorded in early plantings
(April/March) during both years. Landrace SWB
recorded maximum leaf area index, plant height,
plant dry weight, absolute growth rate and crop
growth rate in both years.

KEYWORDS
Sweet corn, maize, landraces, planting dates, leaf area index, crop growth

INTRODUCTION
Maize (Zea mays L.) is the third most important
cereal crop in Pakistan. It is grown worldwide for
three distinct markets viz., fresh, canned, and frozen
[1]. United Stated of America, Mexico, Nigeria,
France and Hungary are the major producing countries [2]. Maize is grown in the widest range of environments. Its production has not been able to keep
pace with the demand, except in a very few countries
[3]. Sweet corn (Zea mays L.var. saccharata Strut)
is one of several types of maize, which also includes

MATERIALS AND METHODS
These experiments were carried out at New Developmental Farm (NDF), University of Agriculture
Peshawar, Pakistan during 2007 and 2008. NDF is
located at 34° N, 71.3° E longitude and 350 m above
sea level. The soil of the field was analyzed for
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randomly selected plants were measured with measuring tape, in each subplot at silking and the values
were averaged. Five cuts of above-ground portion of
four plants (out of 0.33 m2 area) were taken at about
10- GD\¶V LQWHUYDO DIWHU VHHGOLQJ HPHUJHQFH WR
silking [17]. Plant samples were oven dried at about
Û&XQWLOUHDFKHGDFRQVWDQWZHLJKWIRUGHWHUPLQD
tion of dry matter. Dry weight plant-1 at silking stage
was used to calculate absolute growth rate and crop
growth rate. Date on which 50% of the plants
reached silking stage were recorded for each experimental unit and then days to silking was calculated
as difference between date of silking and date of
emergence. Absolute growth rate (AGR) was calculated by using the following formulae:

organic matter [14], pH, EC [15], P and K [16]. It
was found that the soil was alkaline (pH 8.2), low in
organic matter content (0.87 %), having EC (0.74
dSm-1), total N (0.04 %), AB-DTPA extractable P
(1.15 mg P2O5 kg-1) and high in exchangeable K (506
mg K2O kg-1). Temperature, humidity, and precipitation during the period of experiment are reproduced in Table 1;
TABLE 1
Average air temperature and rainfall at NDF.
Month

March
April
May
June
July
August
September
October
November

Average
(°c)

Total
Rainfall
(mm)
32.2 (0)
0.8 (16.8)
0.2 (0)
0 (16)
0 (27)
20.2
(150.9)

T

R. Humidity
(%)

17.31 (21.18)
25.30 (22.92)
27.97 (29.29)
32.42 (32.55)
31.31 (32.56)

65.50 (47.81)
55.38 (52.03)
49.61 (41.97)
49.35 (62.73)
64.73 (72.45)

31.95 (31.29)

65.77 (75.61)

29.26 (28.98)

66.72 (69.90)

22 (16.7)

23.06 (24.46)

46.88 (65.07)

0 (0)

18.44 (18.68)

73.60 (56.37)

8 (0)

Fresenius Environmental Bulletin

Crop growth rate (CGR) was calculated from
determined dry weight plant-1 data by using the following formulae:

83.4
(227.4)

Without parenthesis = for year 2007
With parenthesis = for year 2008

The data were statistically analyzed, using analysis of variance technique in MSTAT-C. Means
were compared using least significant difference
(LSD) test [38].

Landraces were abbreviated against the names
of the localities from where collection was made.
They were Mingora (MNG), Mansehra (MNS),
Swabi (SWB) and Parachinar (PRC). Azam (approved variety) was included as check. Plating dates,
during 2007, were 25th April, 25th May, 16th June,
26th July and 18th August, while in 2008, August
sowing was omitted due to very poor crop stand and
grain yield, instead sowing in March was added.
Sowing dates during 2008 were 17th March, 30th
April, 17th May, 21st June and 26th July. Landraces
were planted in 4m × 3.6m plots having 6 rows, 4 m
long. Treatments were replicated three times in randomized complete block design with split plot arrangements. Planting dates were allotted to main
plots while landraces were maintained in sub-plots.
Treatments were randomized in main and sub-plots.
The crop was sown in 60 cm apart rows. A basal dose
of 120:70 kg N:P2O5 ha-1 was used. Urea and single
super phosphate were used as sources of N and P,
respectively. The crop was irrigated at two weeks interval. Furadan (Carbofuran 3%) @ 19.76 kg ha-1
was applied in the early stages of growth to control
attack of stem borers. Weeds were manually eradicated.
Data was recorded and calculations were made
for leaf area index, plant height, plant dry weight at
silking stage, absolute growth rate and crop growth
rate. Leaf area index was measured using non-destructive leaf area meter (LI-2000, LI-COR, USA).
Plant height data were recorded from ground level to
the tips of the tassels. For recording plant height, 10

RESULTS AND DISCUSSION
Leaf area index (LAI). Statistical analysis
showed that planting dates and landraces significantly affected LAI (Fig. 1a & 1b). Maximum LAI
(5.05 vs 5.09) was noted in July planting during first
and second years respectively. Minimum LAI was
recorded in August and May plantings during first
and second years respectively. In both years a trend
of decrease in LAI was observed in May and June
plantings, while planting in July recorded highest
LAI. Further delay in planting (August) in 2007 gave
minimum LAI. Decreased LAI in May and June
planting may be due to higher temperature during
vegetative growth period (Table 1) which may have
caused greater evapo-transpiration resulting in water
stress environment which impaired growth of the
plants. These results elaborate that LAI changes consistently by changing environmental conditions created through long planting season. Swanson and
Wilhelm [18] attributed differences in LAI among
treatments to the changes in photoperiod. They concluded that planting before or after optimum date resulted in reduced LAI. Significant change in LAI of
corn planted under different planting regimes has
also been reported by other workers [12, 19, 20]. Sindelar et al. [21] reported early-season stress environment produced greatest LAI in early June planting in
the central Great Plains.
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on dry matter at silking are also reported by Imholte
and Carter [28]. Swanson and Wilhelm [18] showed
a quadratic response of dry weight when planting
was enhanced from late April to early June.
In year I, SWB produced heavier plants (103 g),
while Azam produced lighter plants (70 g). Similar
behavior was observed in second year where SWB
was superior to other landraces producing highest
plant weight (108 g), while lowest value (71 g) was
noted for Azam. This can be explained by better performance of SWB under all planting dates in accumulating dry matter. Maximum plant height, leaves
plant-1, internode diameter, and LAI attained by
SWB resulted in highest plant dry weight. Dependence of plant dry weight on LAI was earlier reported
by Watson [29]. Significant interaction of landrace
with planting date was also observed. In year I, SWB
× April planting delivered maximum plant dry
weight (112.09 g). In year II, SWB attained maximum plant weight (112.83 g) when planted in midMarch. These results showed that early planted SWB
better utilized long growing season for dry matter accumulation. Since Azam is short statured plant with
lowest LAI resulting lowest plant dry weight. Dependence of dry weight accumulation on LAI was
previously reported [30].

Mean values clearly indicated that SWB recorded highest LAI, while Azam recorded lowest LAI
during both years of research (Fig. 1b). Maximum
plant height, number of leaves plant-1 and leaf area
plant-1 of SWB contributed to the production of highest LAI. On the other hand Azam recorded lowest
plant height and LA which resulted in lowest LAI.
Other workers also reported differences in LAI in
different genotypes [20, 23, 24].
Plant height (cm). Analysis of the data showed
that plant height of sweet corn was significantly affected by planting dates in both years (Fig. 2a). In the
first year, mean values for planting dates showed that
maximum plant height (164) was recorded when
sweet corn was planted in April, while minimum
plant height (142) was observed in August sowing.
In the second year of experiment, maximum plant
height (165) was noted when sweet corn was planted
in March, while minimum plant height (153) was observed in May sowing. These results showed that
sweet corn attain maximum plant height when
planted early (March, April). Since early planted
sweet corn took more days to tasseling/silking and
this extended growth period may be one of the reasons for higher plant height. Ahmad et al. [24] reported minimum plant height in delayed sowing (15th
August). Similar results were reported by Sharlway
et al. [25] and Law-Ogbomo and Remison [11]. They
stated that plant height reduced by delayed planting.
Moisture regime during pre-silking period is very
important for development of vegetative structures
[26]. They reported that a three day stress during late
vegetative period had significantly reduced plant
height.
Landrace SWB recorded maximum plant
height, while plant height of Azam was lowest during both years (Fig. 2b). Significant effect of cultivars on plant height was also reported by Ahmad et
al. [24]. However, they reported a non significant
cultivar × planting date effect on plant height of corn.
This difference in results may be due to differences
in the genetic material used in the experiment. However, Khan and Zada [27] reported significant effect
of planting date, varieties and planting date × variety
interaction on plant height of corn.

Absolute growth rate (AGR). AGR is the dry
matter accumulation plant-1 unit time-1. Data on
mean AGR from emergence to silking in sweet corn
as affected by planting dates and landraces are depicted in Fig. 4a & 4b. Statistical analysis showed
significant effects of planting dates and landraces
during both years. Sweet corn recorded higher AGR
in July planting, while May planting recorded lower
AGR, during both years of research. Generally late
planting recorded higher AGR values, while early
planting showed lower AGR values. Higher leaf area
in crop planted in July may have increased AGR.
Since higher leaf area available for light interception
increased photosynthetic carbon gain, therefore recorded increased AGR. Plant growth results from interaction of many factors i.e. photosynthesis, respiration, plant water relations and mineral nutrition
[31]. They regarded leaf area of plants as a key factor
for higher growth rates. It is also noticeable that reductions in plant growth rates are usually caused by
suboptimal conditions.
Means for landraces showed that highest AGR
was recorded by SWB followed by MNS while
Azam recorded lowest AGR during both years.
Higher leaf area of landrace SWB increased photosynthesis and more photo-assimilates were formed,
resulting in higher AGR. Chung et al. [37] reported
that growth rate in maize cultivars differs significantly at the vegetative stage. Planting date × landraces interaction was found significantly different.
Interaction of July planting × SWB showed higher
AGR during both years. In year I, Azam planted in
May recorded minimum AGR (1.24 g plant -1 day-1).

Plant dry weight (g). Planting dates and landraces significantly affected plant dry weight at silking stage, during both years (Fig. 3a & 3b). In the
first year, early plantation produced heaviest plants
(91 g). Plant weight decreased in May and June
planting. Increase in plant dry weight was noted in
July planting while last planting (18th August) resulted in lowest weights (78 g). In year 2008, midMarch planting resulted in heaviest plants (92 g),
whereas, 17th May planting resulted lowest plant
weight (85). These results showed that plants accumulated more dry matter in longer growth periods of
early plantings. Significant effects of planting date
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the crop directly determine CGR [33]. Higher leaf
area plant-1 recorded in late July planting intercepted
more radiation resulting in higher CGR.
Means for landraces suggests that highest CGR
was recorded by SWB while, Azam recorded lowest
CGR (Fig. 5b). Growth is the increment in dry mass,
volume, length, or area that results from the division,
expansion, and differentiation of cells. Crop growth
mainly depends on genotype and environment [31].
Higher leaf area plant-1 of SWB intercepted more radiation and efficiently converted it into dry matter
accumulation resulting higher CGR. In year I, maximum CGR was noted when SWB was planted in
July, while minimum CGR was recorded for Azam
in May planting. In year II, landrace SWB attained
maximum CGR when planted in July, while Azam
recorded minimum CGR in March planting. In both
years the environmental conditions of late July planting seemed to be optimum as it resulted in higher
crop growth rate. Planting sweet corn before or after
optimum planting date resulted in decrease of CGR.
These results are in conformity with those reported
by Darby and Lauer [34].

On the other hand March planting with Azam recorded minimum AGR (1.22 g plant-1 day-1) in year
II. Significant effects of planting date × cultivar on
growth of dent and sweet corn are reported earlier
[34, 35, 36].
Crop growth rate (CGR). CGR is the dry matter accumulation plant-1 m-2 unit time-1. Statistical
analysis of the data showed that CGR of sweet corn
at silking stage was significantly affected by planting
date (P) and landraces (R) during both years (Fig. 5a
& 5b). P×R interaction was also found significantly
different. In year I, July planted crop recorded highest CGR (21.57) while May planting recorded lowest
CGR (17.58). Different planting dates resulted in
different environments and crop growth depends
upon environment as reported by Lambers et al. [31].
Variation in sowing date modified the radiative and
thermal conditions during growth. These results
showed that late sowing increased crop growth rates
during the vegetative period because of high radiation use efficiency. Similar results were reported by
Cirilo and Andrade [32]. Tollenaar and Bruulsema
concluded that amount of intercepted radiation by

FIGURE 1
Leaf area index (LAI) of sweet corn as affected by

FIGURE 2
Plant height of sweet corn as affected by
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FIGURE 3
Plant weight of sweetcorn as affected by

FIGURE 4
Absolute growth rate (AGR) of sweetcorn as affected by

FIGURE 5
Crop growth rate (CGR) of sweet corn as affected by
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ABSTRACT

KEYWORDS:
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Total phosphorus and nitrate nitrogen are the
most important indicators in denitrification phosphorus removal. Traditionally, it is time-consuming and
complex to measure the concentration of total phosphorus and nitrate nitrogen, which usually lead to
much pollution. In addition, the total phosphorus and
nitrate nitrogen have to be analyzed separately with
different methods, which lead to high cost in time
and labor. Near infrared spectroscopy was used for
simultaneous analysis of total phosphorus and nitrate
nitrogen in denitrifying phosphorus removal. Near
infrared spectra of total phosphorus and nitrate nitrogen were modeled through back-propagation neural
network (BP neural network). To reduce redundant
information, near infrared spectra were pretreated respectively with second derivative, multiple scattering correction and wavelet denoising, combined with
principle component analysis. The results showed
that wavelet denoising, coupled with principle component analysis, produced the most effective calibration models for total phosphorus and nitrate nitrogen.
The calibration models were then tested with samples of the validation set, and the robustness and the
validity of these models was attested by the correlation coefficient (rc) and root mean square error of
prediction (RMSEP). As to the model for total phosphorus, the rc is 0.9422, and the RMSEP is 2.360. As
to the model for nitrate nitrogen, the rc was 0.9006,
and the RMSEP was 2.944. Total phosphorus and nitrate nitrogen are the most important indicators of the
effect of denitrification phosphorus removal. In summary, this study indicated near infrared spectroscopy
as a convenient method to monitor simultaneously
total phosphorus and nitrate nitrogen in denitrification phosphorus removal, and to evaluate the effect
of denitrification phosphorus removal.

INTRODUCTION
Water eutrophication caused by excessive nitrogen and phosphorus has attracted more and more
attention in recent years [1-3]. Denitrifying phosphorus removal is a low-cost and high-efficiency water
treatment process. It can reduce the amount of aeration, the reaction time, and the amount of sludge produced in the process [4-6]. Under anoxic conditions,
denitrifying phosphorus removal bacteria use nitrate
nitrogen as electron acceptor to absorb phosphorus
[7-8]. Therefore, the nitration nitrogen and the total
phosphorus are the most important indicators of the
treatment effect. Traditionally, it is time-consuming
and complex to measure the concentration of total
phosphorus and nitrate nitrogen, which usually lead
to much pollution. In addition, the total phosphorus
and nitrate nitrogen have to be analyzed separately
with different methods, which lead to high cost in
time and labor. However, near infrared spectroscopy
has drawn significant attention due to its low price,
zero-pollution, high accuracy, and demand for less
samples [9]. Moreover, near infrared spectroscopy
requires no pretreatment of samples, which makes
for considerable convenience. Therefore, near infrared spectroscopy has been used for the determination
of components in the food, medical and agriculture,
and so on [10-11].
The rapid quantification of components can be
realized through near infrared spectroscopy and
chemometrics. However, when near infrared spectral
data are collected, some redundant information may
be generated owing to external conditions, particle
uniformity, and so on. Therefore, raw near infrared
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MATERIALS AND METHODS

spectral data needs preprocessing to reduce the redundant information before modeling [12-13]. The
popular pretreatment methods include second-order
derivative, multivariate scattering correction and
wavelet denoising. The second derivative method
can obtain higher resolution and clearer spectra by
eliminating baseline drifts and background interferences [14-15]. The multi-scattering correction
method can eliminate the difference of the scattering
information in different spectra by correcting the
spectral scattering information of different samples
[16-18]. Wavelet denoising can reduce noise, correct
baseline, analyze overlapped peaks, and so on. But
these pretreating approaches may have different effects on near infrared spectroscopy [19-21].
After pretreatment, the redundant information
of near-infrared spectra is greatly reduced, which
provides a good basis for establishing quantitative
analysis model of total phosphorus and nitrate nitrogen. However, the amount of spectral data is so large
that the modeling efficiency is quite low. Therefore,
the dimensions of spectral data need reducing. Principal component analysis has been employed successfully in reducing the dimensions of near infrared
data. Thereafter, the original high-dimensional variables are replaced by new low-dimensional variables, and thus the efficiency of the model can be improved greatly [22-@:KDW¶VPRUHEack propagation (BP) neural network algorithm, as a chemometric method, has advantages in dealing with nonlinear
functions and multicomponent analysis [27-29].
With this algorithm, better quantification models
may be established on the basis of near infrared spectroscopy [30-33].
Near infrared spectroscopy, combined with BP
neural network algorithm, may contribute much to
simultaneous measurement of total phosphorus and
nitrate nitrogen in denitrification phosphorus removal, which, however, has not been studied so far.
Total phosphorus and nitrate nitrogen are the key indicators to evaluate the effect of denitrification phosphorus removal. Additionally, traditional standard
analysis method has many disadvantages, so it is particularly desirable to develop a rapid and pollutionfree method that is capable of simultaneous analyses.
In this paper, three preprocessing methods²the second derivative method, the multiple scattering correction method and wavelet denoising method were
applied to pretreat raw data of near infrared spectroscopy. Principal component analysis was used to reduce the dimensions of near infrared spectral data.
Then BP neural network algorithm was used to quantify the total phosphorus and nitrate nitrogen in denitrifying phosphorus removal. The aim of this paper
is to develop, on the basis of spectral data, a BP neutral network calibration model that is capable of simultaneous determination of both total phosphorus
and nitrate nitrogen.

Operation of experiment. Anaerobic/anoxic
conditions was used alternately to realize the denitrification phosphorus removal. The influent water was
taken from a wastewater treatment plant, with pH being 7.5, the concentration of COD being180 mg/L,
the concentration of ammonia nitrogen being 32
mg/L, and the concentration of total phosphorus being 7.5 mg/L. Potassium nitrate solution was added
to the reactor during anoxic phase. The reaction period was as follows: 30 min for feeding water, 105
min for anaerobic phase, 150 min for anoxic phase,
25 min for precipitation, 5 min for drainage, 45 min
for static phase. The reactor is cylindrical with an effective capacity of 15 L.
Sampling and determination of water samples. A sample was collected every 15 min in each
stable cycle, and 140 samples were collected. 100
samples were used as calibration set to establish BP
neural network calibration model, whereas 40 samples were used as validation set to test the validity of
BP neural network model.
The concentrations of total phosphorus and nitrate nitrogen were measured with standard methods.
Total phosphorus was measured with ammonium
molybdate spectrophotometric method. Nitrite nitrogen was measured with ultraviolet spectrophotometry.
Spectral data were collected through a fourier
transform infrared spectrometer (Bruker, German).
The Spectra ranged from 4000 to 12500 cm-1, with
32 scans, and a spectral resolution of 8 cm-1. The
scanning was carried out at room temperature. Pretreatment of spectra and BP neutral network modeling were conducted with MATLAB software, vertion 7.0.
Forty samples were used to test the validity of
the BP neutral network calibration model. Evaluation indexes include correlation coefficient of calibration set (rc), root mean square error of cross validation (RMSECV), correlation coefficient of validation set (rp) and the root mean square error of predication (RMSEP). Correlation coefficients indicate
the correlation between two sets of data, and higher
correlation coefficient suggests higher validity of the
model. RMSECV (RMSEP) indicates the degree of
disparity between the correction values (predicted
values) and the measured values. Smaller RMSECV
(RMSEP) points to more agreement between the two
sets of data.
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pretreatment of raw spectra is needed to reduce background interference, increase signal-to-noise ratio,
and improve the resolution of spectra.

RESULTS AND ANALYSIS
Changes of water quality in denitrification
phosphorus removal. The changes of the water
quality are shown in Figure 2. In the anaerobic phase,
COD was reduced from 180 mg/L to 22.3 mg/L, and
total phosphorus increased from 7.9 mg/L to 24.2
mg/L. This indicated that the denitrification phosphorus removal bacteria absorbed organic matter and
decomposed the poly-P. However, in the anoxic
phase, total phosphorus decreased from 24.2 mg/L to
0.67 mg/L, and nitrate nitrogen was reduced from
18.1 mg/L to 0.41 mg/L. In this phase, denitrification
phosphorus removal bacteria used nitrate nitrogen as
electron acceptor to excessively absorb phosphate,
so the concentration of phosphate and nitrate decreased [34-35].
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Establishment and validation of BP neutral
network model of total phosphorus. The near-infrared spectral data of the calibration set were preprocessed with the second derivative, multiple scattering correction and wavelet denoising. The dimensionalities of spectral data were reduced through
principal component analysis. The BP neural network algorithm was used to establish the rapid analysis model of total phosphorus, which has three layers, including input layer, hidden layer and output
layer. The number of nodes at input layer was determined by the principle component number (Table 1).
The determination of the number of nodes at hidden
layer is more complicated: with MATLAB, multiple
training and repeated adjusting were conducted until
the accuracy requirement was met. Experiments
showed that the BP neural network model of total
phosphorus had best predictability when the number
of nodes was 4 at the hidden layer. At the output
layer, the number of nodes was 1, which represented
the value of total phosphorus as measured by chemical methods. The tansig function and the purelin
function were used as the activation functions of the
hidden layer and the output layer respectively. In addition, the trainlm function was used as the training
function of BP neural network. The learning rate of
BP neural network algorism was set as 0.1, the maximum iterations number was 1000, and the anticipation error was 0.0001.
Three different pretreating methods were used
to establish BP neural network models of total phosphorus. The results are shown in table 1. As can be
seen, the methods of second derivative and multiplicative scatter correction yielded BP neural network
models with rather poor performance. In comparison, the method of wavelet denoising produced a
model that had better performance. Figure 3 shows
the principle component analysis of spectral data. As
can be seen, when the number of main components
is 5 the cumulative contribution rate is 90.5%, and
further increase in the number of main components
brings actually no increase of cumulative contribution rate. The matrix of spectral data can be significantly reduced from 100×2203 to 100×5.
After such pretreatments as wavelet denoising
and principal component analysis, the BP neural network algorithm was employed to establish the quickanalysis model for total phosphorus. The results are
shown in Figure 4, which indicates that there is a
close correlation between the expected values and
measured values, with rc being 0.9629, and
RMSECV being 2.034.

Nitrate nitrogen, total phosphorus (mg/L)

40

200

FIGURE 1
Changes of chemical value in denitrification
phosphorus removal
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FIGURE 2
Raw near infrared spectra of water samples
Raw near infrared spectra of water samples.
Raw near infrared spectra of water samples are
showed in Figure 2. The abscissa is wave number
(4000~12500 cm-1), and the ordinate is spectral absorbance. Figure 1 indicates that the spectra shapes
of different samples are similar, indicating similar
compositions [36]. However, the raw spectral data
contain some noises that have nothing to do with the
chemical compositions of the samples, which reduced the accuracy of the model. Therefore, the
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predicted value and the measured value of total phosphorus. These results suggest BP neural network
model may accurately predict the total phosphorus in
wastewater treatment.

TABLE 1
Evaluation index of BP neural network model of
total phosphorus with different pretreatment
method

Second
derivative
Multiplicative
scatter
correction
Waveletdenoising

Principal
components

rc

4

0.80
12

5

0.86
49

5

0.96
29

25
RMSE
CV

RMS
EP

rp

0.7638

3.61
4

2.905

0.8113

3.24
2

2.034
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0
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Prediction values /(mg·L-1)
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Cumulative contribution rate

RMSEP=2.360
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FIGURE 5
Validation of BP neural network calibration
model of total phosphorus
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Establishment and validation of BP neutral
network model of nitrate nitrogen. Three pretreating methods (second derivative, multiple scattering
correction and wavelet denoising) were applied to
preprocess the raw spectra. Principal component
analysis was used to reduce the dimensions of spectral data. With BP neutral network algorism, a threelayer BP neutral network model (input layer, hidden
layer and output layer) was built for quick-analysis
of nitrate nitrogen was built (table 2). Table 2 indicates that after pretreatment based on wavelet denoising, the model had higher rc and RMSECV than
after the pretreatments based on second derivative or
multiple scattering correction pretreatment. At the
input layer, the number of nodes is 8, which represent the 8 principle components of the spectral data.
At the hidden layer, the number of nodes is 5, resulting from repeated training on MATLAB. At the output layer, there is only one node, representing the
chemical value of nitrate nitrogen. The tansig function is used as the excitation function of the hidden
layer, and the purelin function is used as the excitation function of the output layer. Additionally, the
trainlm function is used as the training function of
BP neural network. The learning rate of BP neural
network is 0.1, the maximum iteration number is
1000, and the anticipation error is 0.0001.
The validity of different BP neural network
models for nitrate nitrogen is shown in table 2, which
shows that the pretreatment through wavelet denoising makes for a better model than the models
based on pretreatments through second derivative or
multiplicative scatter correction. Figure 6 shows the
results of main component analysis of spectral data.
As can be seen in Figure 6, the accumulated contribution rate becomes stable when the number of
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FIGURE 3
Change of cumulative contribution rate varied
with the number of principal components
28

Calibration values (mg/L)

rp=0.9422

20

0

1.0

0.4

Fresenius Environmental Bulletin

rc=0.9629
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FIGURE 4
Establishment of BP neural network calibration
model of total phosphorus
The BP neural network model of total phosphorus was validated by external 40 samples, as shown
in Figure 5. The correlation coefficient (rp) between
the predicted value and the measured value of total
phosphorus was 0.9422, and the RMSEP was 2.360.
Therefore, there is a good correlation between the
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accurately predict concentration of nitrate nitrogen
in unknown samples and monitor nitrate nitrogen in
actual wastewater treatment.

principle components reaches 8, and the matrix of
spectral data is thus reduced from 100×2203 to
100×8.

28

Second
derivative
Multiplicative
scatter
correction
Waveletdenoising

Principal
components

rc
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TABLE 2
Evaluation index of BP neural network model of
nitrate nitrogen with different pretreatment
method
Pretreatment
method
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FIGURE 7
Establishment of BP neural network model of
nitrate nitrogen
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FIGURE 8
Validation of BP neural network model of nitrate nitrogen

FIGURE 6
Change of cumulative contribution rate varied
with the number of principal components

CONCLUSIONS
After pretreatments through wavelet denoising
and principal component analysis, spectral data was
used to establish BP neural network model for nitrate
nitrogen. The results are shown in Figure 7, from
which it can be seen that for calibration sets the correlation rc is 0.9137 and the RMSECV is 2.864, between the calibration values and the measured values. In other words, there is considerable agreement
between the values calibrated by the model and the
values measured with traditional chemical methods.
The BP neural network model for nitrate nitrogen was tested with 40 samples of the validation set.
The results are presented in Figure 8, which shows
that, between predicted values and measured values,
the correlation coefficient is 0.9006 and the RMSEP
is 2.944. These results suggest high validity of the
BP neural network model for nitrate nitrogen. In
other words, BP neural network model can

The denitrifying phosphorus removal was realized in the anaerobic/anoxic reactor. The concentration of COD reduced from 180 mg/L to 22.3 mg/L.
Total phosphorus reduced from 7.9 mg/L to 0.67
mg/L. The concentration of nitrate nitrogen was reduced from 18.1 mg/L to 0.41 mg/L. The effluent
meets the pollutant discharge standards for municipal wastewater treatment.
Second derivative, multiple scattering correction, and wavelet denoising were applied to pretreat
raw spectra. In addition, principal component analysis was used to reduce the dimensions of spectral
data during the establishment of BP neural network
models for total phosphorus and nitrate nitrogen.
This study indicates that, wavelet denoising and
principal component analysis probably make the optimal combination to establish the models, which is
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[5] Wang, Y.Y., Guo, G., Wang, H. Tom, S., Guo,
J.H., Ye, L. (2013) Long-term impact of anaerobic reaction time on the performance and granular characteristics of granular denitrifying biological phosphorus removal systems. Water Research. 47, 5326-5237.
[6] Zheng, X.L., Sun, P.D., Han, J.Y., Yinqi Song,
Y.Q., Hu, Z.R., Fan, H.Q., Lv, S.Y. (2014) Inhibitory factors affecting the process of enhanced biological phosphorus removal (EBPR)a mini-review. Process Biochemistry. 49, 22072213.
[7] Dai, X., Peng, Y.Z., Wang, X.X., Wang, S.Y.
(2016) Effect of different anaerobic time on the
nutrient removal in simultaneous nitrificationdenitrification and phosphorus removal
(SNDPR) systems enriched with phosphorus accumulating organisms. China Environmental
Science. 36, 92-99.
[8] Kang, T.T., Wang, L., He, Y.Y., Sun, F.Q., Wu,
W.X. (2016) The performance of DPAO using
nitrite as electron acceptor and its practical application. China Environmental Science. 36,
1705-1714.
[9] Wu, G.Q., Bi, W.H., Lv, J.M., Fu, G.W. (2011)
Determination of chemical oxygen demand in
water using near infrared transmission and UV
absorbance method. Spectroscopy and Spectral
Analysis. 31, 1486-1489.
[10] Huang, J., Huang, S., Zhang, H., Huang, X.H.,
Zhang, Y., Wang, M., Zhu, J., Wang, K. (2015)
Near infrared spectroscopy analysis of inorganic
nitrogen in shortcut nitrification-denitrification
based on interval partial least square. China Environmental Science. 35, 2014-2020.
[11] Zhang, H., Zhu, J., Song, J., Huang, J., Zhang,
Y., Wang, K., Huang S. (2015) Infrared spectrum analysis of PHB and the Correlation between PHB reductionand orthophosphate removal rate during denitrifying phosphorus removal. Environmental Science Research. 28,
1274-1280.
[12] Yin, H.M., Wu, W.F., Zhang Y.Q. (2011) Application of BP neural network based on wavelength optimization in near infrared spectroscopy. Laser & Infrared. 26, 369.
[13] Wang, J. Wen, Y.Q., Ye, Z.Y., Chen, H. (2017)
Convergence analysis of BP neural networks via
sparse response regularization. Applied Soft
Computing.
[14] Tien, T.T.Do., Uyen, P.N.Dao, Huong, T.Bui.,
Trang, T.Nguyen. (2017) Effect of electrostatic
interaction between fluoxetine and lipid membranes on the partitioning of fluoxetine investigated using second derivative spectrophotometry and FTIR. Chemistry & Physics of Lipids.
207, 10-23.

verified by the highest correlation coefficient and
lowest RMSEP.
The combination of near infrared spectroscopy
and BP neural network algorism may provide effective and efficient means for quick analysis of total
phosphorus and nitrate nitrogen during denitrification phosphorus removal. For total phosphorus, the
rc and rp of BP neutral network model are 0.9629 and
0.9422 respectively; the RMSECV and the RMSEP
are 2.034 and 2.360 respectively. For nitrate nitrogen, the rc and rp of BP neutral network model are
0.9137 and 0.9006 respectively, the RMSECV and
the RMSEP are 2.864 and 2.944 respectively. These
results suggest that this proposed means may quickly
analyze the concentration of total phosphorus and nitrate nitrogen in denitrification phosphorus removal.
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ABSTRACT

Examples are electrochemical treatment, membrane
filtration, use of biological media, adsorption, flotation and chemical coagulation, treatment using ultrasound-dispersed nanoscale zero-valent iron particles, titanium dioxide, vacuum ultraviolet and
natural minerals, and hybrid technologies, among
others [5-7].
Supercritical water oxidation (SCWO) is a
process that oxidizes organic solutes in an aqueous
medium using oxygen or hydrogen peroxide as oxidants, at temperatures and pressures above the
critical point of water. The primary use of SCWO is
to destroy organic wastes. Conversion rates higher
than 99% can be achieved with residence times
shorter than 1 min [8-10]. And it is a clean, pollution-free, environmental friendly organic waste
treatment technology. It has a unique effect on
treating toxic and biodegradable organic waste. The
final emission of organic matter treated by SCWO
is CO2, H2O, N2, etc., so it will not result in secondary pollution. The technology of treating sewage by SCWO is a deep oxidation technology proposed by Medoll [11], it can completely and thoroughly destroy the structure of organic effluent, and
the reaction completes in a very short time. At present, the United States have applied the technology
to rocket fuel, nuclear waste, chemical residues,
explosives, and volatile acids, industrial waste
slurry, physiology garbage [12] and other environmentally harmless treatments. Germany, France,
Sweden, Spain and Japan have gained important
achievements on effective treatments such as industrial toxic waste, diesel, urban waste, the degradation of polymers [13] and dioxins [14] in the burning fly ash, etc. Some researchers in China [15-17]
have made experiments and researches on the alcohol, phenols, benzene, nitrogen and sulfur and
other organic wastewater treatments by SCWO in
recent years, achieving satisfactory results. However, supercritical water oxidation for the treatment of
oily wastewater is reported by few.
There are a limited number of studies regarding the treatment of oily wastewater through elec-

SCWO and electrochemical process of oily
wastewater were investigated. The Ti/CeO2 electrode was prepared by electrodeposition technique
and applied to treat oily wastewater via electrochemical oxidation. The results show temperature
imposes a great impact on electrochemical oxidation of oily wastewater. Under the optimal condition, the COD removal of reached 55.30%. More
than 80% chemical oxygen demand (COD) removal
from oily wastewater was achieved using NaHCO3
catalytic SCWO under the following conditions
using a 0.7 L batch reactor: temperature is 320°C
and concentration of NaHCO3 is 100 mg/L. 99.62%
of COD removal was achieved. BOD5/COD ratio is
now 0.56.

KEYWORDS:
NaHCO3, SCWO, Oily wastewater, COD removal,
BOD5/COD

INTRODUCTION
Oil, grease and organic emulsions in water are
one of the great pollutants of environment in the
world and have traditionally been great interest for
wastewater treatment research due to their high
volume and inherent complexity. This environmental pollution is due to the release of industrial oily
wastewaters from sources such as refineries, petrochemical plants, transportation and metallurgy [1-3].
Discharging them without treatment can pollute
underground water, soil and environment. The permitted oil and grease limits for discharging oily
wastewater to environment is 10 mg/L and 20 mg/L
for surface and coastal waters instantaneous [4]. A
variety of treatment methods geared toward the
removal of the oil impurities can be used to minimize or avoid the adverse effects of oily wastewater.
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trochemical processes. The studies focusing on the
wastewaters with oil̢grease content showed that
oil and grease in these wastewaters are removed by
absorption into metal-hydroxides formed as a result
of the electrocoagulation, or with electroflotation by
means of gases produced as a result of electrocoagulation. For the electrocoagulation-based treatment
of such wastewaters, aluminum and iron electrodes
were typically used, and it was shown that aluminum electrodes led to better results in terms of the
efficiency of the treatment of wastewaters with a
certain oil concentration [18̢20].
The main aim of this study was to investigate
the removal of organics from oily wastewater using
the two aforementioned processes, SCWO and
electrochemical processes. Also considered in the
present work is the determination of the change of
the ratio of biological oxygen demand to chemical
oxygen demand. Such a ratio is generally regarded
as an important index of biodegradability of the
treated high-strength industrial wastewater. The
effect of the operating conditions on treatment of
the oily wastewater via electrochemical processes.

Fresenius Environmental Bulletin

was monitored directly using thermocouple (inserted inside the reactor) and controlled within 1 K by a
temperature controller. Before the experiment, the
reactor was loaded with oily wastewater and deionized water to bring the total volume of liquid to
95±115 mL, and concentration of oily wastewater is
approximately corresponding to initial COD of
2000±20000 mg/L. Then, nitrogen gas was used to
purge the reactor for 10 min. After purging, the
reactor was heated for about 50 min then the specified amount of O2 was pressured and fed into the
reactor using a syringe pump within 2 s at room
temperature. Finally, a specific amount of required
catalyst (NaHCO3) was introduced into the reactor.
After the reaction, the sample valve of reactor was
opened and the effluent was cooled rapidly in a
shell and tube heat exchanger and then depressurized to ambient condition. The product stream was
then separated into liquid and vapor phases. The
liquid products were collected in a graduated cylinder. Liquid samples (ca.15 mL) were periodically
withdrawn from the reactor and analyzed.
Materials and analytical methods. Hydrogen
peroxide (analysis purity, 35wt% aqueous solution,
Dalian, China) and O2 (analysis purity, 99.4%,
Nanjing, China) used as oxidant. NaHCO3 (99.9%
purity, Beijing, China) was used as catalyst. The
oily wastewater used in the present work was purified from an oil chemical Co. Ltd., China. The
Ti/CeO2 electrode was prepared by the thermal decomposition and electro-deposition technique . The
samples were selected depending on the time duration of 0, 15, 30, 45, 60 min. COD was detected by
COD automatic analyzer (Japan). The electrochemical oxidation system was mainly composed by two
working electrodes, and an electrolysis cell.

EXPERIMENTAL
Apparatus and procedure. SCWO of the oily
wastewater was conducted in a laboratory-scale,
batch reactor with a volume capacity of 700 mL
designed to a maximum temperature and pressure
of 723 K and 44 MPa. All wetted parts, from the
pumps to the condenser, were made of stainless
steel (1Cr18Ni9Ti). The speed of the stirrer is 1350
r/min. The electric furnace was used as heater. The
heating wires of electric furnace were placed below
and around the reactor. The reaction temperature

FIGURE 1
Effect of current density on COD removal; initial COD 550 mg/L
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The COD of the collected liquid are measured
by potassium dichromate method of Chinese
Standard 11914-89 and BOD5 is measured by Chinese Standard 7488-87.
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The COD removal obtained with different
current density is shown in Fig.1. The result shows
that COD removal increased with current density
increasing from 20 mA/cm2 to 80 mA/cm2. This
also indicates that high current density could significantly promote COD removal. According to the
result of COD removal, 80 mA/cm2 is chose as the
suitable one for higher degradation rate.

RESULTS AND DISCUSSION
Electrochemical
oxidation
of
oily
wastewater. Effect of current density on COD
removal. The effect of different current density (20,
40, 60 and 80 mA/cm2) on the degradation of oily
wastewater is investigated at 0.2 mol/L Na2SO4.
The result is shown in Fig. 1.

Effect of concentration of electrolyte. In order to investigate the effect of electrolyte (Na2SO4)
on degradation rate of oily wastewater, 0.05, 0.1,
0.15 and 0.2 mol/L Na2SO4 is respectively tested.
The result is shown in Fig. 2.

FIGURE 2
Effect of Na2SO4 concentration on COD removal

FIGURE 3
Effect of temperature on SCWO of oily wastewater
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90.07 and 99.62% after 5 and 20 min, respectively.
Higher temperature not only increases energy consumption, but may result in decomposition of H 2O2
thereby it reduces the efficiency of H2O2 usage.

Fig.2 presented COD removal with the different electrolyte concentration in electrochemical
oxidation system. After 1 h reaction, COD removal
increases from 37.48% to 55.30% when electrolyte
concentration increases from 0.05 to 0.2 mol/L.
With a high concentration of electrolyte (Na2SO4),
with the same current density, the electric voltage
between the anode and the cathode would decrease,
which would influence the occurrence of some
chemical oxidation reactions. In all studied electrolyte concentration conditions, 0.2 mol/L Na2SO4
was an optimized factor with higher COD.

NaHCO3 catalysed SCWO of oily
wastewater in absence of oxygen. It is shown that
significant COD removal from oily wastewater occurred (Fig. 4). COD removal increased with increasing NaHCO3 concentration. The maximum
amount of COD that could be removed was approximately 86.52% in 20 min in the presence of
NaHCO3 as opposed to approximately 58.32%
without NaHCO3 addition. It is indicated that NaHCO3 is capable of direct oxidation of a significant
amount of the COD in oily wastewater.

SCWO of oily wastewater. Effect of temperature. The results are given in Fig. 3. As expected, rising temperature increased the COD removal. At 320°C the COD removal reached about

FIGURE 4
Effect of increasing NaHCO3 concentration on COD removal in the absence of oxygen

FIGURE 5
Effect of HE on SCWO of oily wastewater
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FIGURE 6
Effect of initial COD on SCWO of oily wastewater
Effect of H2O2 dose. A series of experiments
were conducted to determine the effect of H2O2
dose on SCWO of oily wastewater at given COD
concentration. The experimental results are presented in Fig. 5. As can be seen in Fig. 5, COD removal increased with increasing H2O2 dose. Approximately 99.62% of COD was removed when
H2O2 dose was 200 mg/L.

To sum up, SCWO was an effective pretreatment method for removing organic compounds
from oily wastewater.

CONCLUSIONS
The Ti/CeO2 electrode was prepared by electrodeposition technique and applied to treat oily
wastewater via electrochemical oxidation. The results show temperature imposes a great impact on
electrochemical oxidation of oily wastewater. As
the temperature rises, COD removal rate increases.
Under the optimal condition: temperature 40°C,
current density 80 mA/cm2, 0.2 mol/L Na2SO4, the
COD removal of reached 55.30%.
NaHCO3 catalysed SCWO is an effective
processes for removing COD from oily wastewater.
Greater than 80% COD removal from oily
wastewater was achieved using NaHCO3 catalysed
SCWO under the following conditions: temperature
is 320°C and concentration of NaHCO3 is 100 mg/L.
The method used to add H2O2 had a significant effect on COD removal, with greater COD removal
being achieved when H2O2 dose was 200 mg/L.
SCWO was an effective pretreatment method for
removing organic
compounds from oily
wastewater.

Effect of initial COD. The study of the effect
of initial COD on SCWO of oily wastewater was
undertaken at temperature of 320°C, H2O2 dose 100
mg/L and residence time of 5 to 20 min. The results
are shown in Fig. 6. It can be observed from Fig. 4
that the initial COD had influence on the COD removal to some extent. An increasing initial COD
from 2000 to 8000 mg/L resulted in the rapid increase in the COD removal rate. However, beyond
initial COD of 8000 mg/L, COD removal rate increases slowly with increasing initial COD.
BOD5/COD. BOD5/COD ratio is a very important index for any waste to be biodegradable.
Normally, an industrial wastewater with a
BOD5/COD ratio of about 0.5 or above is considered as a biodegradable waste. Therefore, in this
study, BOD5/COD ratio of some reactor effluents
was determined. Initial BOD5 and COD of our oily
wastewater are 400 and 2000 mg/L; respectively.
So, the initial BOD5/COD ratio is about 0.2. This
result indicates that our wastewater is not suitable
for biological treatment. After the SCWO process,
at a temperature of 320°C for 20 min, the BOD5
and COD of the effluent were found as 168 and 300
mg/L; respectively. So, BOD5/COD ratio is now
0.56. This ratio is sufficient in many cases for biological treatment.
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TRANSPORT OF THE NEMOPILEMA NOMURAI IN THE
YELLOW SEA AND EAST CHINA SEA REVEALED BY
FIELD OBSERVATION, SATELLITE DATA, AND
PARTICLE-TRACKING EXPERIMENTS
<RQJMLX;X &XQJHQ<X
School of Fishery, Zhejiang Ocean University, Zhoushan 316022, Zhejiang, China

and consecutive outbreaks have occurred in the Yellow Sea (YS), East China Sea (ECS), and the Sea of
Japan each year since 2002, except for 2008, 2010,
and 2011 [5-6]. The origins and causes of these giant
jellyfish outbreaks, as well as their distribution, are
of great concern to the scientific community. It has
been suggested that eutrophication and climate
change as well as overfishing and habitat modification [7-9] are probable causes of outbreaks, and these
suggestions have been supported by laboratory experiments [1,5] and a recent satellite study [6].
Coastal areas of the YS and ECS, with suitable substrate resulting from the development of aquaculture
[3], eutrophic waters due to increased nutrients [2, 6],
and opportunities for ecological niches because of
overfishing [2], have been hypothesized to be
sources in many studies [2,5,10], even though polyps
have not been found in nature. The reported appearance of young medusae in the Tsushima Strait and
Jeju area in June [5,10], the capture of relatively
large adults (diameter >30 cm) in the Sea of Japan in
August, and the fact that ephyrae have not been discovered in these areas suggest the advection of
young medusae from the coasts of the YS and ECS
by circulation. Indeed, N. nomurai, with its weak
swimming and migrating behavior, can be a good indicator of water mass movement because its temporal and spatial distributions generally depend on
its interactions with horizontal circulations [11].
Freshwater runoff, especially from the
Changjiang River, and oceanic currents such as the
Kuroshio and Taiwan warm currents (KWC and
TWC, respectively) induce major circulation patterns in the YS and ECS [12-13]. Seasonal currents
and local currents are also characteristics of YS and
ECS circulation. The Yellow Sea Warm Current
(YSWC), which is the main component of YS circulation in winter, transports warm and high-salinity
water from the southeast to the middle of the YS
along the trough [14]. This northward current is balanced by southward-flowing coastal currents along
the coasts of China and Korea, including the Yellow
Sea Coastal Current (YSCC) and the Korea Coastal
Current [14]. The YSCC was traditionally thought to
flow southward throughout the entire year [15];
however, recent numerical and field studies suggest

ABSTRACT
The spatial distribution of the giant jellyfish
Nemopilema nomurai and its relation to water
masses and circulation in the Yellow Sea and East
China Sea were investigated by ship observations,
satellite sea surface temperature (SST), and particletracking experiments. Temperature and salinity were
examined by hierarchical clustering, and eight main
water masses were identified. High abundances of
giant jellyfish were observed in Southern Yellow
Sea Water and in mixed waters, but few jellyfish
were observed in other water masses. Variation in
satellite SST was used to characterize the seasonal
variation in the water masses. The results indicated
that as the winter monsoon weakened, a water mass
with SST (>15qC) at the Jiangsu coast in May
extended northeastward and eastward until July.
Southerly wind was probably an important factor
inducing this northeastward circulation. Moreover,
transport of jellyfish was verified by backward,
forward particle-tracking experiments based on the
flow field from a numerical model and an
independent ferry data. The water masses with
jellyfish traced back to the Jiangsu coast in the
month of May. Furthermore, water masses without
jellyfish traced back to the mouth of the Changjiang
River, and the Taiwan Strait. These results indicate
that the high abundance of giant jellyfish observed
in July came from the northern East China Sea or
southern Yellow Sea coast in May when ephyrae
were liberated from polyps there as SST increased
from below 15qC to higher values.
.(<:25'6
*LDQWMHOO\ILVKZDWHUPDVVFLUFXODWLRQWUDMHFWRU\VDWHOOLWH

INTRODUCTION
With its high abundance, the giant jellyfish
Nemopilema nomurai has in recent decades been a
serious problem for the marine ecosystem and for the
dependent economies of countries of northeast Asia,
especially China, Japan, and Korea [1-4]. Extensive
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masses in July were back-traced to expected source
and non-source areas, respectively. Fourth, the particles were released from the source we found to
compare with ferry observed jellyfish, and to verify
the jellyfish transport. Finally, we evaluated the
source and the roles of physical and biological processes in the distribution of giant jellyfish.

that the YSCC flows northward along the Jiangsu
coast during summer [16-17]. Changjiang Diluted
Water (CDW), which is characterized by southward
flow along the Zhejiang and Fujian coasts of China
in winter and eastward and northeastward flow toward Jeju Island in summer, plays a critical role in
sustaining YS and ECS continental-shelf fisheries
resource [18]. A circulation pattern, characterized by
southward flow of the YSCC in early spring and the
spreading of CDW in early summer, was adopted by
Yoon et al. (2008) to explain the advection and distribution of young jellyfish [10]. They surmised that
ephyrae are transported southward from the YS coast
to the area near the mouth of the Changjiang in early
spring and then in May drift with the spreading
CDW, which is driven by southerly winds.
This horizontal movement of jellyfish was also
supported by Kawahara et al. (2006) [1], who further
estimated that liberation of ephyrae (the initial freeswimming larval stage of a jellyfish asexually produced from the benthic stage, polyp) may take place
in spring when water temperature in the coastal areas
of the YS and ECS increases from 10°C to 15°C
based on the size and growth rate of jellyfish caught
near Gunsan, Korea, and in the Tsushima Strait in
June and July, respectively. A temperature of 15qC
is critical for allowing released ephyrae to grow and
for producing the highest cumulative strobilation
rate for N. nomurai [5]. The timing of the 15°C temperature and thermal elevation from below 15qC to
higher temperatures has generally occurred in about
May and early June in coastal areas of the YS and
ECS [6]. A recent survey confirmed a possible
source of the jellyfish in coastal areas near Jiangsu
by the presence of ephyrae off of Jiangsu in late May
2011 [19]. These previous studies indicate that circulation and hydrological processes play important
roles in the spread and distribution of ephyrae or
young medusae (the free-swimming stage after
ephyrae) in the YS and ECS when the strobilation
temperature is attained in spring and early summer.
However, it remains unclear how the ephyrae and
young medusae interact with the water mass and circulation from the source and how these influence the
subsequent path and distribution of young medusae
in the offshore areas of the YS and ECS.
The main objectives of this study were to investigate the transport of ephyrae and young medusae
and its relationship with seawater temperature (T)
and salinity (S), to examine the influence of circulation on subsequent jellyfish distribution, and further,
to verify the possible source of jellyfish via ship observations, satellite data, and a particle-tracking experiment. First, the distribution of jellyfish and hydrological characteristics in the YS and ECS were
examined based on data from cruises conducted in
the latter half of July 2013. Second, satellite sea surface temperature (SST) data were used to describe
the seasonal variation in water masses from spring to
summer. Third, jellyfish and non-jellyfish water

DATA AND METHODS
Ship Observations. From 14 July 2013 to 1
August 2013, a large-scale survey involving R.V.
Dongfanghong II of Ocean University of China,
China, and R.V. Nagasakai Maru of Nagasaki University, Japan, was conducted in a cooperative way
within the exclusive economic zones of these countries and a portion of the exclusive economic zone of
Korea. A total of 74 stations covering the western YS
and ECS and 38 covering the eastern ECS just south
of Jeju were covered by the R.V. Dongfanghong II
and the R.V. Nagasaki Maru, respectively. There
were some cross-stations just south of Jeju affected
by the CDW. T and S were measured by conductivity-temperature-depth (CTD) profilers (Sea-Bird
Electronics, Inc., SBE911 plus) on the two ships, and
5 m depth data were used for this study.
Visual Observation of Giant Jellyfish. Visual
counts of giant jellyfish were conducted during the
daytime from the upper deck of the vessels, except
during experiments and meal times. The giant jellyfish could be distinguished easily because of the
color difference between seawater and their reddishbrown bodies [10]. The observation distance from
the ship and time interval of counting were 10 m and
5 min, respectively. Jellyfish number, location [latitude and longitude], and time were recorded between
each time interval. Jellyfish abundance was calculated based on these counts and the area covered during each observation track.
Satellite Data. MODIS AQUA Nighttime
Level 3 daily and monthly SST products from before
and during the cruise (April±August) were obtained
from Physical Oceanography Distributed Active Archive Center (http://podaac.jpl.nasa.gov). We used
the high quality SST products as described by Xu et
al. (2013) [6]. All SST data processing was conducted using NASA SeaDAS software (version 6.4).
Japanese 25-year Reanalysis data. Wind data
from Japanese 25-year Reanalysis (JRA-25) with
1.125° × 1.125° spatial resolution were obtained
from the Japan Meteorological Agency (JMA) [20].
Statistics and Cluster Analysis. The kriging
interpolation technique was used to obtain T and S
values of spatial resolution (0.05° × 0.05°) among
field stations. Jellyfish track stations in each time
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diffusion

interval (5 min) were resampled in a 3 × 3 window
in the interpolated field datasets to retrieve T-S parameters. The field survey and jellyfish track stations
were resampled in a 3 × 3 window in the model T-S
datasets to obtain corresponding T-S parameters.
For clustering analysis of water mass characteristics, T and S were normalized independently by
standard deviation and then used to determine water
mass clusters according to the Euclidean distance between each sample. The grouping method was hierarchical clustering, which has been used widely for
analyzing water masses in the YS and ECS [21].

influence.

The

particle

locations

[ X ( x, y)] at time t  't and t  't were calcu-

lated in a backward and forward way, respectively
[24]:
Xt 't

1§
wU · 2
Xt  U't  ¨ U  H U 
¸ 't
2©
wt ¹

and
Xt 't

1§
wU · 2
,
Xt  U't  ¨ U  H U 
¸ 't  R 2 K h 't (i, j)
2©
wt ¹

where U[ (u, v)] and K h are current vectors
and diffusivity computed at 3 m depth in JCOPE2,
't is the time step (0.05 day), R is a random number generated at each time step with an average and
standard deviation of 0.0 and 1.0, respectively. i and
j are unit vectors in the x and y directions, respectively. The particle simulation is halted when the
particles hit the land.
The jellyfish were considered particles transported only by ocean currents, without consideration
of biological and ecological features such as swimming or vertical migration. In the backward particle
experiments, seven particles representing a high
abundance of counted jellyfish (>0.001 ind. m-2 in a
value of more than 30 min) were released from the
jellyfish track stations, respectively (Figure 1, Table
1). Particles representing all of the observed jellyfish
in each experiment were back-traced until 1 May
2013, when ephyrae were expected to be liberated.
In the same way, nine particles representing a water
mass without jellyfish (</=0.001 ind. m-2 in a value
of more than 30 min) were back-traced until 1 May
(Figure 1, Table 1). The released particles in the water masses with and without jellyfish generally represented all of the areas with high- and low-abundance of jellyfish during the cruises covering the entire areas of the YS and ECS (Figure 1, Table 1).

Flow Field and Particle-tracking Experiment. Flow fields of the Japan Coastal Ocean Predictability Experiment 2 (JCOPE2) [22] model output results during spring to summer 2013 were used
for the back-tracing of water masses with and without the jellyfish. The model was developed based on
the Princeton Ocean Model with a generalized coordinate of sigma [23] and provides daily mean ocean
current data covering the western North Pacific
(10.5±62°N, 108±180°E) with a horizontal resolution of 1/12° and 46 vertical levels. The model is
driven by wind stresses and heat and salt fluxes. The
combination of a state-of-the-art eddy-resolving
ocean general circulation model and remote and in
situ observational data produce realistic high-resolution data. The JCOPE2 data well reproduced the
mean water mass properties of in situ observations
in the western North Pacific [23].
We used a backward-in-time trajectory (BITT)
model, without the random-walk process, to find the
potential source area of the giant jellyfish [24]. The
forward-in-time trajectory (FIIT) model were also
conducted to verify the backward trajectory as suggested Isobe et al. (2009) [23], considering the

),*85(
6KLSURXWH EODFNOLQH DQGGHSDUWXUHDQGDUULYDOGLUHFWLRQV ELJDUURZV 
7KHUHGFLUFOHVDQGEOXHFURVVHVLQGLFDWHKLJK !ind. m-2 DQGORZ   ind. m-2 DEXQGDQFHVRIMHOO\ILVKUHVSHFWLYHO\7KHQXPEHUV
ZLWKDQGZLWKRXWDWULDQJOHUHSUHVHQWZDWHUPDVVHVZLWK ! ind. m-2 DQGZLWKRXW   ind. m-2 MHOO\ILVKUHVSHFWLYHO\The 50, 100,
and 200 m isobaths are indicated by the dash gray lines. The labels with white capital, white small letters indicate the names of countries,
provinces/cities, respectively. Black italic and black normal letters indicate the names of seas, islands, bays, and river, respectively.
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TABLE 1
Water mass with and without jellyfish represented by the particles in the particle tracking experiments
Particle No.
J1
J2
J3
J4
J5
J6
J7
N1
N2
N3
N4
N5
N6
N7
N8
N9

longitude
120.65
121.78
123.96
124.79
123.30
122.98
123.00
121.36
123.50
122.60
122.80
125.74
125.85
123.03
123.00
123.09

latitude
35.95
35.00
34.45
33.65
32.00
31.97
35.02
35.00
35.00
33.20
31.00
31.01
31.87
31.65
31.04
35.53

Water mass
SYSW
SYSW
SYSW
SYSW
CDW
CDW
SYSW
SYSW
SYSW
SYSW
CDW
TWC-CDW
CDW-KWC
CDW
CDW-TWC
SYSW

With or without jellyfish
jellyfish
jellyfish
jellyfish
jellyfish
jellyfish
jellyfish
jellyfish
No jellyfish
No jellyfish
No jellyfish
No jellyfish
No jellyfish
No jellyfish
No jellyfish
No jellyfish
No jellyfish

Observed date
2013-07-14
2013-07-16
2013-07-18
2013-07-24
2013-07-25
2013-07-31
2013-08-01
2013-07-16
2013-07-18
2013-07-19
2013-07-20
2013-07-21
2013-07-23
2013-07-25
2013-07-31
2013-08-01

FIGURE 2
Distributions of surface temperature (a) and salinity (b) during the cruises.
Black dots indicate CTD stations.

ECS, spread northeastward to the southern YS, and
then turned southeastward until reaching the Okinawa Trough (Figure 2b). An obvious salinity front
(30.5±31) extended southeastward from the mouth
of the Changjiang to the region west of Okinawa
(Figure 2b).

RESULTS
Hydrological Characteristics and Jellyfish
Distribution. Distribution of SST and Salinity.
SST varied between 21qC and 29qC during the observations, with low-temperature water (<24qC) in
the mouth of the Changjiang and higher-temperature
water (>25.5qC) toward the southeast in the ECS
(Figure 2a). SST was relatively low in the northwest
of the Shandong Peninsula (<24qC), and high
(>26qC) at 123°E, 35°N. It was evenly distributed in
the offshore regions of the ECS, ranging from 27qC
to 29qC. However, it was particularly low (20±21qC)
at the mouth of the Changjiang, even compared to
the stations in the YS, which indicates that upwelling
occurred during the cruise (Figure 2a). The salinity
distribution showed significant difference in the YS
and ECS (Figure 2b). Relatively high-salinity water
(>32), covering the area from offshore of Zhejiang
through the region south of Taiwan, was dominant in
the southern ECS (Figure 2b). The CDW, characterized by low salinity (<30), dominated the northern

Water Masses in the Surface Layer. Based on
the T-S properties measured during the cruises, eight
main water masses were identified by the cluster
analysis: CDW, South Yellow Sea Water (SYSW),
North Yellow Sea Water (NYSW), Taiwan Warm
Current (TWC), Kuroshio Warm Current (KWC),
Changjiang Mouth Upwelling Water (CUW), CDWTWC mixed water, and CDW-KWC mixed water
(Figure 3). The CDW, characterized by low salinity
(<31) and a wide temperature range (25±29qC), covered a large area from the mouth of the Changjiang
eastward and southeastward to the region south of
Jeju (Figures 3 and 4). Based on relatively small
changes in temperature (22qC to 27qC) and salinity
(29.5 to 31.5), the SYSW was located at the northern
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and medium salinity (30.5±31) observed at three stations in the northern YS were different from those in
the southern YS.

stations. The TWC and KWC dominated the offshore regions of the ECS, except for the coastal areas
of Zhejiang and Shanghai, and temperature and salinity were highest in these regions, varying from
26°C to 29qC and from 32 to 34, respectively. The
CUW was clearly observed at the mouth of the
Changjiang, where temperature was low (26±29qC)
and salinity was high (32±33), compared to the surrounding CDW (Figures 3 and 4). Mixed waters of
different water masses were also identified during
the cruises (Figures 3 and 4). Only two stations were
located in CDW-TWC mixed water, but more stations were in CDW-KWC mixed water in the region
south of Jeju. The temperature and salinity of these
two water masses have similar characteristics, as
some studies have regarded the TWC as a branch of
the KWC. Waters with low temperature (20±21qC)

Spatial Distribution of the Jellyfish during
the Cruise. The spatial distribution of the jellyfish
in the YS and ECS showed significant heterogeneity.
Jellyfish abundance showed a general decreasing
gradient from Chinese coastal areas to the open sea,
according to the observations from the two ships
(Figure 4). A high abundance of jellyfish (0.05±0.10
ind. m-2) was continuously observed along the Qingdao coast. High abundances of jellyfish were also
found in the middle of the YS, north of the mouth of
the Changjiang, and west of Jeju Island, with abundances varying from 0.01 to 0.05 ind. m-2 (Figure 4).

FIGURE 3
T-S diagrams (5 m) overlain with jellyfish abundance.
Dots colors indicate water masses according to T-S properties. Red, pink, yellow, black, cyan and blue dots indicate KWC, TWC, SYSW,
NYSW, CDW and CUW respectively; green triangles denote TWC-CDW and green squares denote KWC-CDW; (see text for the abbreviations). Temperature and salinity data on jellyfish tracks without CTD stations were interpolated by the Kriging technique, as described in
section 2.4. Black circles indicate jellyfish abundance (ind. m-2). Black crosses indicate areas without jellyfish.

FIGURE 4
Geographical distributions of water masses overlain with jellyfish abundances.
The colors and symbols are the same as in Figure 3.
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abundance has been reported previously [4]. Most of
the locations with abundant jellyfish were located in
the SYSW or in mixed waters such as the CDWKWC and CDW-CUW. Small numbers of jellyfish
(0.0001±0.001 ind. m-2) were found in the NYSW
and in the CUW-TWC mixed water (Figure 4).

Jellyfish abundance was relatively low at the northwestern edge of the Shandong Peninsula and south
of the mouth of the Changjiang, where it varied from
0.0001 to 0.001 ind. m-2. Few jellyfish were observed in the Changjiang offshore region, south of
Jeju, and in the southern ECS (Figure 4). Few jellyfish were also observed in the Jiangsu offshore area
and at the eastern boundary of the YS, where high

FIGURE 5
Distributions of MODIS monthly mean SST (a, c, e, g) and JRA25 reanalysis monthly mean wind (b, d, f,
h) in April (a, b), May (c, d), June (e, f), and July (g, h) 2013, respectively.
The white lines in April (a) and May (c) MODIS SST images indicate the 15°C isotherm.
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FIGURE 6
MODIS monthly mean SST (a, c, e) and JCOPE2 monthly mean SST/flow fields (b, d, f) from July to May
2013, respectively, overlain with backward particle-tracking experiments of water masses
with and without jellyfish.
Black solid and dark gray dotted lines indicate backward trajectories of water masses with and without jellyfish, respectively, during the month.
The numbers with and without triangles indicate the final traced position (until the first day) of the month of each particle during the month in
the experiment. The numbers with and without triangles indicate water masses with and without jellyfish, respectively. The white line in May
(e, f) indicates the 15°C isotherm.

and northern ECS was dominated by cold surface
water (<15qC) (Figure 5a). The cold water (<15qC)
extended from the coast of the YS southward or
southeastward to the middle of the northern ECS. In
May, the 15qC isotherm was distributed from the
northern coast of Jiangsu toward the mouth of the
Changjiang and then extended eastward to the region

Seasonal Variation in Water Mass and Wind
at the Coast of the YS and ECS. SST and wind during April to July, 2013 was used to characterize the
water mass variation. The 15°C isotherm in April occurred along the continental shelf (100 m isobath) of
the ECS, extending from offshore of Zhejiang toward Jeju Island (Figures 1 and 5a). Most of the YS
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trajectories of the particles (J3, J4) in the south, even
with shorter tracing time, were longer than those in
the north (J1, J2, J7, N1, N2, and N9) (Figure 6a and
b).
In June, the pathways of J2, J3, J4, and J7 were
showing a northeastward trajectory; these particles
were traced back to southern Jiangsu offshore (J4)
and northern Jiangsu offshore waters (J2, J3, J7, and
N1) in early June (Figure 6c and d). Particles N2 and
N9 were traced back with shorter distances to the
middle of the YS under the influence of the very
weak current (Figure 6c and d). Particles J1, J5, N3,
N4, N6, N7, and N8 disappeared as they were traced
to areas approaching land to the south of Qingdao
(J1) and to the mouth inlet of the Changjiang (J5, N3,
N4, N6, N7, and N8). The most southern particle
(N5) was traced back to the south Zhejiang nearshore
waters (Figure 6c and d). The satellite SST showed
that warm water was distributed from the coast of
Jiangsu to its northeast offshore region (Figure 6c).
The distribution corresponded well with the trajectories of J2, J3, J4, J7, and N1. The strong easterly and
mild southeasterly winds in the Jiangsu offshore and
northern YS coast contributed to the northward and
northeastward flow, respectively, thus the northward
path of J4 was dominant and the northeastward paths
of J2, J3, and J7 were main components, compared
to July (Figure 6c and d).
Particles J2, J3, J4, J7, N1, N2, N5, and N9
were finally traced back to early May, whereas other
particles could not be traced until early May as they
progressively reached land. Particles J2, J3, and J7
were traced back to the Jiangsu coast with an SST of
nearly 15qC (Figure 6e and f). Particle N1 was also
traced back to the coast of Jiangsu. N4 returned to
the mouth of the Changjiang, whereas N5 was traced
back to the Taiwan Strait, offshore of Fujian Province. Particles N2 and N9 remained in the middle of
the YS, as a result of the weak current there. The
northward intrusion of the 15qC isotherm agreed
well with the north or northeastward paths of particles (J2, J3, J4, J7, and N1) from the coast to offshore
(Figure 6e and f). The alongshore wind at the southern YS coast induced a current that flowed north or
northeastward (Figure 5d), explaining the trajectories of these particles.

southwest of Jeju Island. The water was relatively
warmer at the coast of Jiangsu than in the offshore of
the YS, and this warming pattern was highlighted by
a tongue intruding northward from along the Jiangsu
coast (Figure 5c). In June, SST became warmer than
15°C with seasonal warming in the YS and ECS.
SST was homogeneous along the Jiangsu coast,
northeastward offshore, and in the adjacent middle
region of the YS, which was characterized by warm
water of 21±22qC west of cooler upwelled water
with a temperature ranging from 17qC to 18qC (Figure 5e). In July, seasonal warming reached its maximum; SST at the coast of Jiangsu and at the mouth
inlet of the Changjiang was significantly warmer
(>28qC). Similar water of lower temperature (around
26qC) was observed offshore to the northeast of the
Jiangsu region and in the middle of the YS (Figure
5g). The distribution pattern of SST at the Jiangsu
coast and in its northeastward offshore region was
similar to that in June. In April, the wind generally
blew from the north and was weak (<1 m s-1) at the
YS and ECS coasts, where it turned toward the west,
compared to the offshore region (Figure 5b). In May,
the wind blew strongly from the south along the Chinese coast of the YS (>3 m s-1) (Figure 5d), but in
June, it blew from east to west toward the YS coast
with the same magnitude as it had in May (Figure 5f).
In July, the wind blew from south to north and became much stronger (>4 m s-1) compared to previous
months (Figure 5h).
Particle-tracking experiments. Transport of
Jellyfish: Backward Particle Simulation. To find
the possible source of the jellyfish and verify the advection of water masses from their origins, seven
SDUWLFOHVZLWKMHOO\ILVK --«- DQGQLQHSDUWL
FOHV ZLWKRXW MHOO\ILVK 1 1«1  ZHUH WUDFHG
from the observation date until 1 May 2013 (Figure
1, Table 1).
In July, the simulated trajectory results generally corresponded with the distribution of satellite
SST. Most of the particles with jellyfish (J2, J3, J4,
and J7) and several particles without jellyfish (N1,
N2, N9) in the YS were traced westward to the middle of the YS, as a result of the influence of the dominant strong eastward current (Figure 6a and b). Only
one particle with jellyfish (J1) was traced back to the
region south of Qingdao. The particles with jellyfish
near the mouth of the Changjiang and its offshore region (J5, J6) were back-traced to the mouth of the
Changjiang and to Hangzhou Bay, respectively,
while the particles without jellyfish were backtraced to the mouth of the Changjiang (N3, N6) and
to Hangzhou Bay (N4, N7, N8) in early July, except
for particle N5, which returned to the Zhejiang offshore region (Figure 6a and b). It is noted that the
backward trajectories of J2, J3, J4, and J7 show good
agreement with the distribution of west±east warm
water (25±26qC) in the middle of the YS. The

Comparison of Observed and Modeled Water Masses. To assess the differences between the
model and field data, we compared the modeled and
observed results of T-S properties (Figures 7 and 8).
The modeled and ship-observed T-S diagrams generally corresponded with each other, especially for
the water masses SYSW, TWC, and KWC. However,
other water masses such as CDW, CUW, and NYSW
showed significant differences. Significant overestimation of the influence of the Changjiang River led
to salinities as low as 20 at stations near the river
mouth (Figures 7 and 8). In addition, the stations in
the SYSW, especially the west station near Haizhou
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DISCUSSION

Bay, were nearest to the NYSW in the model T-S
diagram but far from the NYSW in the field T-S diagram (Figure 8). These results indicate that the station nearest the NYSW in the model was influenced
heavily by the NYSW. This was further confirmed
by the modeled temperature intrusion of cold water
to the north Jiangsu coast, where it was not shown
by the field temperature (Figure 7a).

Jellyfish Distribution and Relation with Water Mass. Our results of high abundance in the
SYSW and the CDW-CUW and CDW-KWC mixed
waters and low numbers in the CDW-TWC mixed
water, KWC, and CDW suggest that jellyfish were
concentrated mostly in the YS and northern ECS,
with a salinity range of 30.5±31 (Figures 3 and 4),
and hardly observed in the southern ECS. This finding is consistent with previous large-scale studies,
such as that of Zhang et al. (2012) [4], who found
that the giant jellyfish was confined to the water
masses of the YS and northern ECS, mostly concentrated in the salinity range of 32±33, and that few
were observed in the water masses of the southern
ECS. In addition, the interannual differences in river
runoff and its interactions with KWC intrusion will
also introduce difference. Yoon et al. (2008), using
visual observations, reported a high abundance of
jellyfish to the west of Jeju and few to the east and
south of Jeju [10]. This further supports our findings
of a high abundance in the YS and northern ECS and
a low abundance in the southern ECS, and suggests
that the circulation in the YS and northern ECS
played an important role in the spatial distribution
and transport of jellyfish from spring to summer. The
transport of jellyfish in the YS is discussed in the
next section.

Verification of transport of jellyfish: Forward Particle Simulation. Transport of jellyfish
from the identified source was verified by the forward tracking experiments. Generally, the forward
trajectories of most particles were consistent with
warm water distribution (Figure 6a, c and e) and the
backward trajectories of particles (J2, J3, J4, J7, N2
and N9) (Figure 6b, d and f) in the YS from May to
July. The distributions of the forward particles were
also compared with the jellyfish distribution by ferry
observation. In June, most of the particles were still
near the northeastern Jiangsu offshore, not transported to the middle of YS. Meanwhile, the jellyfish
were not observed in the middle of YS in early and
late June according to the ferry observation. The
ferry results supported the distributions of these particles in June. These particles were transported to the
middle of YS in early July, gradually extending
southeastward until north of Jeju in the late July
(Figures 6 and 8). The high abundance of jellyfish
were also observed by ferry in the middle of YS in
early July, and widely distributed in the YS until the
area near Jeju in the late July. These distributions of
particles corresponded well with distribution of ferry
observed jellyfish in early and late July, respectively.

Seasonal Variation in Water Masses and Its
Relationship with Jellyfish Transport in the YS
and ECS. We found that the north or northeastward
flow during May to July was an important factor for
the spatial distribution in the YS and northern ECS
and that CDW, with its intensified northeastward
plume from May to July, was another factor that

FIGURE 7
Distributions of SST (a) and salinity (b) retrieved from JCOPE2 for the corresponding days and locations
(dots) of the cruises.
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FIGURE 8
Ship observed (a) and modeled (b) T-S diagrams overlain by the start positions of the backward
particle trajectories.
The different colors indicate various water masses as in Figure 3. The numbers with and without triangles indicate water masses with and
without jellyfish, respectively, traced by the backward particle-tracking experiments (same as in Figure 1).

May to July, which was confirmed by our observations during these cruises.
The results of the jellyfish particle trajectories
in the YS, which reflected the modeled flow pattern,
indicate that the jellyfish particles were transported
northward, northward or northeastward, and eastward in May, June, and July, respectively. The wind
blows northwestward, westward or northwestward,
and northward, in May, June, and July, respectively.
If we considered the surface current induced by wind
always turn clockwise with the angle around 0-90°
to the wind direction, the wind was highly correlated
with the jellyfish particle trajectories in the YS in

blocked the jellyfish from moving into the southern
ECS. The finding of north or northeastward flow at
the YS coast is generally consistent with studies of
green algae [26-27], which originate from the southern Yellow Sea coast [16]. The slight difference in
drift pattern was probably caused by differences in
the responses of algae and jellyfish to wind, where
the algae show a quick response because they generally float at the surface whereas jellyfish remain in
the water column [17]. This difference would result
in the relatively nearshore distribution of green algae
and offshore distribution of jellyfish in the YS, considering the north and northwestward winds from
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[3] Dong, Z.J., Liu, D.Y. and Keesing, J. K. (2010)
Jellyfish blooms in China: Dominant species,
causes and consequences. Mar. Poll. Bull. 60(7),
954±963.
[4] Zhang, F., Sun, S., Jin, X.S. and Li, C.L. (2012)
Associations of large jellyfish distributions with
temperature and salinity in the Yellow Sea and
East China Sea. Hydrobiologia, 690(1), 81±96.
[5] Kawahara, M., Ohtsu, K. and Uye, S.I. (2013)
Bloom or non-bloom in the giant jellyfish
Nemopilema nomurai (Scyphozoa: Rhizostomeae): roles of dormant podocysts. J
Plankton Res. 35(1), 213±217.
[6] Xu, Y.J., Ishizaka, J., Yamaguchi, H., Siswanto,
E. and Wang, S.Q. (2013) Relationships of interannual variability in SST and phytoplankton
blooms with giant jellyfish (Nemopilema nomurai) outbreaks in the Yellow Sea and East China
Sea. J. Oceanogr. 69(5), 511-526.
[7] Purcell, J.E., Uye, S. and Lo, W.T. (2007) Anthropogenic causes of jellyfish blooms and their
direct consequences for humans: a review. Mar.
Ecol. Prog. Ser. 350, 153±174.
[8] Purcell, J.E. (2012) Jellyfish and Ctenophore
Blooms Coincide with Human Proliferations
and Environmental Perturbations. Annu. Rev.
Mar. Sci. 4, 209±235.
[9] Uye, S. (2011) Human forcing of the copepodfish-jellyfish triangular trophic relationship.
Hydrobiologia. 666(1), 71±83.
[10] Yoon, W.D., Yang, J.Y., Shim, M.B. and Kang,
H.K. (2008) Physical processes influencing the
occurrence of the giant jellyfish Nemopilema
nomurai (Scyphozoa: Rhizostomeae) around
Jeju Island, Korea. J Plankton Res. 30(3), 25±
260.
[11] Honda, N., Watanabe, T. and Matsushita, Y.
(2009) Swimming depths of the giant jellyfish
Nemopilema nomurai investigated using pop-up
archival transmitting tags and ultrasonic pingers.
Fish. Sci. 75(4), 947±956.
[12] Zhang, J., Liu, S.M., Ren, J.L., Wu, Y. and
Zhang, G.L. (2007) Nutrient gradients from the
eutrophic Changjiang (Yangtze River) Estuary
to the oligotrophic Kuroshio waters and reevaluation of budgets for the East China Sea Shelf.
Prog. Oceanogr. 74(449-478), 449.
[13] Siswanto, E., Nakata, H. and Matsuoka, Y.,
Tanaka, K., Kiyomoto, Y., Okamura, K., Zhu, J.,
Ishizaka, J. (2008) The long-term freshening
and nutrient increases in summer surface water
in the northern East China Sea in relation to
Changjiang discharge variation. J. Geophys.
Res. 113(C10).
[14] Moon, J.H., Hirose, N. and Yoon, J.H. (2009)
Comparison of wind and tidal contributions to
seasonal circulation of the Yellow Sea. J. Geophys. Res. 114(C8).

May, June and July, respectively. In addition, our
satellite SST data indicated that cold water (<15qC)
extended southeastward to the middle of the northern
ECS in April and that warm water (>15qC) intruded
north or northeastward to the offshore region of the
YS from May to July (Figure 5a and c). The jellyfish
trajectories obtained from the particle-tracking experiments corresponded well with the distribution of
warm water (Figure 6), suggesting that ephyrae advection probably started in late April to early May
when ephyrae were liberated from polyps in the
source region, the Jiangsu coast. The mild southerly
(transitional) wind in April (Figure 5b), which is unfavorable for northward flow, further supports young
jellyfish advection beginning in late April to early
May. All of these studies confirmed the presence of
a north or northward distribution of water from the
coast of Jiangsu in spring and summer. This northward flow driven by southerly wind, in combination
with Jiangsu coastal west±east radial tidal sand
ridges [27], as well as the CDW, would block the
southward movement of water masses, thus trapping
jellyfish during May to July. These water masses
would be more easily transported northward to the
southern YS and its offshore areas from May to July,
as confirmed by our particle-tracking experiments.
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EFFECT OF SEED COATING ON GERMINATION,
EMERGENCE AND EARLY SEEDLING GROWTH IN
ALFALFA (MEDICAGO SATIVA L.) UNDER SALINITY
CONDITIONS
Teslime Bicakci, Elcin Aksu, Mehmet Arslan*

cultivated on 670.000 ha, resulting in 11.536.000
tons of annual fodder production [4].
Salinity inhibits plant growth and development
worldwide. According to some researchers, 10% of
the world¶V arable land faces salinity issues, and; half
of all irrigated fields are affected by salinity [5-6]. In
Turkey, 1.5 million ha have problems with salinity
and alkalinity, affecting up to 30% of WKHFRXQWU\¶V
irrigated fields; and the scope increases by the day
[7].
Salt stress is a major environmental concern in
arid, semi-arid and coastal regions. The negative effects of salt stress are first seen in DSODQW¶V germination stage [8-9], where it decreases water absorption,
affects protein organization and reduces the transportation of stocked nutrients [10-11]. Salt tolerance
reflects the ability of a plant to grow in high salt concentrations [12]. Salt tolerance is an indicator of salt
stress, and it varies according to plant species and
environmental conditions [13-14].
Stress factors such as salinity, drought and high
and low temperatures cause serious agricultural production problems and yield losses. To contend with
these stress factors, resistant varieties have been developed using traditional breeding methods, biotechnological approaches and molecular-assisted technologies [15]. However, since these methods are
both expensive and time-consuming, the method of
coating seeds with active substances has recently
been used to provide tolerance to plants grown under
stress conditions.
Seed coating makes seeds larger, rounder,
softer, heavier and more uniform in shape. Planting
machines can easily cultivate coated seeds to the desired intra-row depth [16]. Seed coating increases
seed germination performance and incorporate materials that prevent diseases and pests during germination and seedling growth [17]. Seed coating can
ensure seed health and seedling development, promoting DSODQW¶V genetic and physiological potential.
A preferred method involves coating seeds with rhizobacteria and other bacteria for biocontrol [18].
For successful agricultural production, the desired plant density and yield depend on quick, uniform and full germination of the planted seeds. However, if the planting is impacted by environmental
factors such as temperature, humidity or soil salinity
[19-20] or, if the cultivated seeds are not uniform in

ABSTRACT
Alfalfa (Medicago sativa L.) is a protein-rich
forage crop, widely cultivated in Turkey and
throughout the world. This study aimed to improve
the germination of alfalfa seeds, which are sensitive
to environmental conditions during germination and
early seedling development. Seeds of the Nimet
alfalfa variety that had not been treated after harvest
were coated with Panoramix and germinated under
salinity stress conditions. Panoramix was applied in
three concentrations; zero (control), 2 liters/1000 kg
of seeds and 4 liters/1000 kg of seeds. A laboratory
germination experiment was laid out in a randomized
parcel design using sealed petri dishes with four
repetitions and two factors. Salinity stress was
applied at zero, 25, 50, 75, 100, 150, 200 and 250
mM NaCl. A greenhouse emergence test was
performed using plastic pots filled with a mixture of
50% soil + 50% sand. Irrigation water containing different salt concentrations (zero, 75, 150 and 250 mM
NaCl) was applied to the pots. At the end of both
experiments, germination rate was calculated and the
fresh and dry weight of the pedicels and rootlets were
determined. The coating treatments increased the
germination of the alfalfa seeds under salt stress
conditions.
KEYWORDS:
Medicago sativa L., seed coating, germination, salinity
conditions.

INTRODUCTION
There are approximately 50 different species of
Medicago, but; alfalfa (Medicago sativa L.) is most
widely cultivated [1]. Known as queen of forage
crops, alfalfa¶s adapt ability, long lifespan, and ability to be harvested several times in one vegetation
period distinguish it from other forage crops. Alfalfa
has a high yield and nutrient content, and some varieties can be grazed [2]. Alfalfa as well with Poaceae
forage crops for, useful animal roughage. Fresh and
fodder alfalfas are rich vitamins and have high protein yields, providing delicious and nutritious meals
for all kind of animals [1-3]. In Turkey, alfalfa is
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replications. Germination test used 96 petri dishes (9
cm in diameter). In each petri dish, 50 seeds in same
size were placed on double-layered germination papers. NaCl solutions with specified concentrations
were added to the seeds. The petri dishes were
wrapped with parafilm to avoid evaporation. Placed
in germination cabin set to the following conditions:
70% humidity, 20 oC and a rotation of 14 hours of
light followed by 10 hours of dark. The petri dishes
were kept in the germination cabin for 10 days [23].

terms of genetic structure, maturity and size [21],
germination will be inhibited and the emergence ratio and plant density will decrease [22].
This study investigated whether the germination, emergence and early seedling stage of alfalfa
could be improved by seed coating when the seeds
were cultivated under salinity stress conditions.

MATERIALS AND METHODS

Observations and Measurements: Observations were made every day at the same hour. Seeds
that had rootlets of than 2 mm or greater were considered germinated, following the protocol of Solani
et al. [24]. At the end of the tenth day, the germinated
seeds were counted and germination percentage was
calculated [25]. Also, at the tenth day of germination,
10 sample shoots were taken from each petri dish,
and the lengths and wet weights of the pedicels and
rootlets were measured. Then the pedicels and rootlets were dried at 70 oC and their dry weights were
determined [26].

This research was conducted at laboratory and
greenhouses of Akdeniz University Agricultural
Faculty Department of Field Crops. The Nimet alfalfa variety from Eastern Mediterranean Agricultural Research Institute was used as the plant material for this study. The seeds had been left untreated
after harvest. For this trial, seeds were coated with a
Panoramix (Koppert Biologiacal Systems Co.)
preparate that includeds Trichoderma harzianum,
Bacillus subtilis ve B. megaterium. Panoramix was
applied in two concentrations: 2 liter/1000 kg of
seeds (Coating 1) and 4 liter/1000 kg of seeds (Coating 2). A zero dose treatment was used as the control
group. After the seeds were mixed with Panoramix
in dark laboratory conditions, the seeds were placed
in petri dishes and plastic pots, as described below.

The Greenhouse Test: The greenhouse trial
was conducted using plastic pots (1000 ml) in a randomized design with three replications. After sterilization, 36 pots were filled with a mixture of 50%soil
and 50%sand mixtures. The filled pots were irrigated
in field capacity conditions until day weighed 1.3 kg.
The chemical and physical properties of the soil and
sand mixture are presented in Table 1. The chemical
properties of the irrigation water are presented in Table 2.

The Laboratory Test: In the laboratory experiment, the stress tolerance of the alfalfa seeds was
evaluated using eight salt concentrations (zero, 25,
50, 75, 100, 150, 200 and 250 mM NaCl). This trial
was conducted using a randomized design with four

TABLE 1
The chemical and physical properties of soil and sand mixture used in the plastic pots
Characteristics
pH
Lime, %
Organic material, %
Total nitrogen, %
Phosphorus, kg P2O5/da
Potassium, kg K2O/da
Calcium, kg CaO/da
Magnesium, kg MgO/da
Iron, ppm
Manganese, ppm
Zinc, ppm
Copper, ppm

Determined amount
7.7
27.5
0.64
0.080
2.25
20.9
1428.4
84.2
2.21
4.01
0.38
0.73

Evaluation
Light alkali
Too limy
Very low
Low
Low
Low
Lot
Enough
Low
Enough
Low
Enough

TABLE 2
The chemical properties of the irrigation water used with the plastic pots
Characteristics
pH
EC, dS/m
K+, me/L
Ca2+, me/L
Mg2+, me/L
Na+, me/L
Cl-, me/L
Sodium Absorbtion Rate, SAR, (me/L)1/2

Determined amount
7.0
0.74
0.05
5.59
1.31
0.90
1.5
0.484
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TABLE 3
The temperature and humidity for each day during the trial
Day/Date
28.12.2017
29.12.2017
30.12.2017
31.12.2017
01.01.2018
02.01.2018
03.01.2018
04.01.2018
05.01.2018
06.01.2018
07.01.2018
08.01.2018
09.01.2018
10.01.2018
11.01.2018
12.01.2018
13.01.2018
14.01.2018
15.01.2018
16.01.2018
17.01.2018
18.01.2018
19.01.2018
20.01.2018
21.01.2018
22.01.2018
23.01.2018
24.01.2018
25.01.2018
26.01.2018

Temperature, oC
Minimum
9.1
9.0
8.5
8.7
7.2
7.0
7.1
11.1
9.6
7.5
6.8
6.5
7.4
8.3
13.3
11.2
10.5
9.8
7.3
8.9
7.9
11.3
7.8
8.2
11.3
12.5
11.5
10.8
8.4
8.3

Maximum
32.5
34.5
35.0
33.0
34.0
33.2
33.4
21.1
28.5
32.0
33.0
33.3
30.9
30.6
26.7
26.1
27.5
28.9
32.4
33.9
31.8
31.6
29.2
28.4
18.5
15.7
22.5
33.9
31.3
17.3

Humidity, %
Minimum
13
12
11
12
11
12
12
56
23
18
15
12
20
22
31
31
18
15
14
12
20
18
18
20
52
61
35
12
14
25

Maximum
75
78
80
77
78
65
77
64
73
70
69
68
68
69
69
79
78
77
79
63
69
70
58
62
69
71
70
37
33
32

TABLE 4
Averages of the Results Obtained from the Coating Applications under Salinity Stress Conditions and
Identification of the Duncan Groups
Coating
ments
0 (Control)
Coating 1
Coating 2

treat-

Germination
rate (%)
67.62 b*
71.43 ab
73.18 a

Rootlet
length
(cm)
1.44 a
1.21 b
1.25 ab

Pedicel
length
(cm)
2.40 a
2.27 ab
2.09 b

Rootlet wet
weight
(mg/plant)
5.31 a
6.90 a
7.37 a

Pedicel wet
weight
(mg/plant)
35.56 b
50.78 a
53.96 a

Rootlet dry
weight
(mg/plant)
3.21 a
4.46 a
4.25 a

Pedicel dry
weight
(mg/plant)
3.84 a
3.43 a
3.84 a

*: The differences between averages shown with same letters are not significant; 3for the Duncan test.
wet weights of pedicels and rootlets were measured.
The pedicels and rootlets were dried at 70 oC for 48
hours, and their dry weights were determined [26].

The temperature and humidity values recorded
for each day during the trial are presented in Table 3.
To determine the germination and seedling
emergence performances under salinity stress conditions, 20 coated alfalfa seeds were sown into each
plastic pot and irrigated with the following salt concentrations: zero (well water, control), 75, 150 and
250 mM NaCl. The irrigation was carried out by adding water to the pots when they reached 50% of the
field capacity rate to bring them to 75% of the field
capacity rate [27]. Before irrigation, the plastic pots
were weighed and the water loss was calculated.

RESULTS
Germination Tests in Laboratory Conditions: The results of the coated applications alfalfa
seeds germinated under salinity stress conditions are
presented in Table 4. The seed coating increased the
germination rate from 67.62% for the control group
to 71.43% (Coating 1) and 73.18% (Coating 2). The
rootlet wet weight of the control group was 5.31 mg.
The wet weight increased to 6.90 mg/plant (Coating
1) and 7.37 mg/plant (Coating 2).
The pedicel wet weight of the alfalfa seedlings
was 35.56 mg/plant in control group. The seed coatings increased the pedicel wet weight to 50.78
mg/plant (Coating 1) and 53.96 mg/plant (Coating

Observations and Measurements: Observations were made every day at the same hour. The
seeds that had shootings rising above the soil were
considered emerged following the protocol described in Solani et al. [24]. The greenhouse trials
continued for 28 days. At the end of the trial, five
seedlings were taken from each pot. The lengths and
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salt concentrations, the pedicel wet weights decreased. In contrast, the dry pedicel weights varied
from 4.41 mg/plant (control) to 5.16 mg/plant (75
mM NaCl) and 2.33 mg/plant (200 mM NaCl).

2). The rootlet dry weight changed between 3.21 and
4.46 mg/plant, while the pedicel dry weight was not
affected by seed coating. However, as seen in the Table 4, rootlet and pedicel lengths decreased in the
groups that received seed coating.
The Duncan test was applied to the results of
this study, and the mean values were grouped as
shown in Table 5. Germination rates varied between
88.50% (control) and 21.33% (250 mM) and decreased with increasing salt concentrations. Rootlet
lengths varied from 2.03 cm (25 mM NaCl) to 0.54
cm (200 mM NaCl). Increasing salt concentration at
the first increased the rootlet length, then decreased
it to 100 mM. No rootlet growth occurred at the 250
mM salt concentration, so no result was obtained for
that salt concentration.
As shown in Table 5, pedicel lengths varied
from 3.18 cm (control) to 1.38 cm (200 mM NaCl)
and there was no pedicel growth obtained at 250 mM
NaCl. Increased salt concentration proportionally reduced the length of the pedicels in alfalfa seedlings.
The rootlet wet weights ranged from 10.66 mg/plant
(25 mM NaCl) to 3.00 mg/plant (200 mM NaCl).
The rootlet wet weights rose from the control
group (6.41 mg/plant) to 100 mM salt concentrations, and decreased with subsequent salt concentration increases. The rootlet dry weights ranged between 2.66 mg/plant (200 mM NaCl) and 6.00
mg/plant (100 mM NaCl), similarly increasing to the
salt concentration of 100 mM.
The pedicel wet weights ranged from 67.75
mg/plant (75 mM) to 19.41 mg/plant (200 mM). The
pedicel wet weights generally increased as the salt
concentrations increased to 100 mM; then at higher

Germination Characteristics in Greenhouse
Conditions: The Duncan test was applied to the results of this study, and the mean values were grouped
as shown in Table 6. The seed coating increased germination rates from 35.80% (control) to 36.66%
(Coating 1) and 39.16% (Coating 2). Similarly, the
rootlet length increased from 5.72 cm (control) to
6.39 cm (Coating 1) and 7.26 cm (Coating 2). The
pedicel lengths of the alfalfa seedlings were determined as 1.90, 2.11 and 2.41 cm respectively.
The rootlet wet and dry weights were determined as 5.58, 7.96 and 8.16 and 2.97, 3.73 and 3.90
mg/plant, respectively, demonstrating the positive
contribution of the coating applications. Similarly,
the pedicel wet and dry weights increased with the
coating applications as 8.14, 11.16 and 12.63 and
4.20, 5.15 and 5.80 mg/plant respectively.
The results of this study were evaluated using
Duncan test and grouped mean values are shown in
Table 7. The germination rates varied from 71.11%
(control) to 2.77% (250 mM) and decreased with increasing salt concentrations. While seeds germinated
at each NaCl concentration, seedling development
did not continue at 250 mM; these seedlings eventually died. The root lengths varied from 12.45 cm
(control) to 10.50 cm (75 mM NaCl) and 2.87 cm
(150 mM NaCl). The pedicel lengths were measured
as 3.67, 3.18 and 1.72 cm, respectively.

TABLE 5
Averages of Results Obtained from the Salt Applications under Salinity Stress Conditions and Identification of the Duncan Groups
NaCl
doses
(mM)
0
25
50
75
100
150
200
250

Germination
rate (%)
88.50 a*
88.50 a
81.83 ab
85.33 ab
80.00 b
70.33 c
50.16 d
21.33 e

Rootlet
length
(cm)
1.70 ab
2.03 a
1.83 a
1.88 a
1.48 b
0.93 c
0.54 d
0.00 e

Pedicel
length
(cm)
3.18 a
2.80 a
2.83 a
2.86 a
2.74 a
2.25 b
1.38 c
0.00 d

Rootlet wet
weight
(mg/plant)
6.41 ab
10.66 a
10.00 a
8.25 a
7.25 ab
6.66 ab
3.00 bc
0.00 c

Pedicel
wet
weight
(mg/plant)
52.33 a
65.75 ab
53.08 c
67.75 a
62.08 abc
53.75 bc
19.41 d
0.00 e

Rootlet
dry
weight
(mg/plant)
4.08 ab
2.66 b
4.58 ab
5.41 a
6.00 a
3.75 ab
2.66 b
0.00 c

Pedicel
weight
(mg/plant)
4.41 ab
4.75 ab
4.41 ab
5.16 a
4.58 ab
4.00 b
2.33 c
0.00 d

dry

*: The differences between averages shown with same letters are not significant; 3for the Duncan test.
TABLE 6
Averages of Results Obtained from the Coating Applications under Salinity Stress Conditions and Identification of the Duncan Groups
Coating
ments
0 (Control)
Coating 1
Coating 2

treat-

Germination
rate (%)

Rootlet length
(cm)

Pedicel length
(cm)

35.80 a*
36.66 a
39.16 a

5.72 a
6.39 a
7.26 a

1.90 a
2.11 a
2.41 a

Rootlet wet
weight
(mg/plant)
5.58 a
7.96 a
8.16 a

Pedicel wet
weight
(mg/plant)
8.14 b
11.16 ab
12.63 a

Rootlet dry
weight
(mg/plant)
2.97 a
3.73 a
3.90 a

Pedicel dry
weight
(mg/plant)
4.20 a
5.15 a
5.80 a

*: The differences between averages shown with same letters are not significant; 3for the Duncan test.

6981

© by PSP

Volume 27 ± No. 10/2018 pages 6978-6984

Fresenius Environmental Bulletin

TABLE 7
Averages of Results Obtained from the Salt Applications under Salinity Stress Conditions and Identification Duncan Groups
NaCl doses
(mM)

Germination
rate (%)

Rootlet length
(cm)

Pedicel length
(cm)

0
75
150
250

71.11 a*
50.55 b
22.77 c
2.77 d

12.45 a
10.50 a
2.87 b
0.00 c

3.67 a
3.18 a
1.72 b
0.00 c

Rootlet wet
weight
(mg/plant)
15.19 a
10.56 b
3.18 c
0.00 c

Pedicel wet
weight
(mg/plant)
21.83 a
15.21 b
5.54c
0.00 c

Rootlet dry
weight
(mg/plant)
7.72 a
4.86 b
1.55 c
0.00 c

Pedicel dry
weight
(mg/plant)
10.59 a
7.07 b
2.54 c
0.00 d

*: The differences between averages shown with same letters are not significant; 3for the Duncan test.
greenhouse conditions. These results conform to previous literature reports. dDUSÕFÕDQG(UGHO[30] found
that the rootlet dry weight of alfalfa seedlings decreased from 3.19 mg (control) to 1.38 mg (200 mM
NaCl) under salinity stress conditions. Younesi and
Moradi [31] reported that 200 mM NaCl reduced the
dry weight of alfalfa seedlings from 35 mg to 16 mg,
but gibberellic acid application increased to 26 mg.
Wang et al. [32] determined that seedling wet weight
was 24 mg at zero mM NaCl and 8 mg at 200 mM
NaCl. Çaçan and Kökten [33] determined that the
dry weight of control shoots ranged from 0.97 gr to
1.33 g, while salinity exposure caused the rootlet dry
weights to drop to a ranged from 0.05 g to 0.27 g.
Ekmekçi et al. [7] have attributed the decreased
germination rates under salinity stress to two factors:
inhibition of water uptake due to rising osmotic pressure and, toxicity of the Na+ and Cl- ions. 8\DQÕNHW
al. [34] and Foolad and Lin [10] reported that salt
stress affects germination rates by inhibiting the synthesis of metabolic regulatory proteins. Haileselasie
and Gselasie [35] emphasized that rootlet and pedicel lengths are important parameters for measuring
salt stress. Rootlets are in direct contact with the affected soil and water, which they extract pedicel development. For this reason, rootlet and pedicel
lengths give the first indications of how plants are
affected by salt.
Mahdavi and Sanavy [36] have indicated that
excess salt causes water stress in seedlings by reducing the osmotic water potential. This initial water
limitation step results in water loss from the plant
cells, affecting turgor pressure and causing changes
in the cell¶V gross characteristics and size. In this instance, the SODQW¶Vpedicels are more affected than its
rootlets, especially in high salt concentrations.

Both rootlet and pedicel lengths decreased with increasing salt concentrations. In addition, the rootlet
dry and wet weight values were determined to be
7.72, 4.86 and 1.55 mg/plant and 15.19, 10.56 and
3.18 mg/plant, respectively. Pedicel wet and dry
weights were measured as 21.83, 15.21 and 5.54
mg/plant and 10.59, 7.07 and 2.54 mg/plant, respectively. Rootlet and pedicel weights decreased with
increasing salt concentrations.

DISCUSSION
The germination rates of Nimet alfalfa seeds
coated with a new biological seed coating were investigated under salinity and drought stress conditions. This trial was carried out in petri dishes under
laboratory conditions and in flowerpots under greenhouse conditions. Both seed emergence and early
seedling development were measured. Consistent
with the results reported by previous researchers [2829], salinity stress decreased germination rate in the
climatic chamber, while the seed coating increased
germination rates.
The main purpose of seed coating is to make the
seed larger, rounder, softer, heavier and more uniform in shape [16]. In addition, seed coating can improve germination performance under stress conditions [17]. [28] reported that seed coatings with
chemical and biological preparations are useful for
maintaining seedling development under difficult
environmental conditions. This aligns with the goal
of seed coating to increase germination performance
under stress conditions and to provide disease and
pest-fighting materials to the emerging plant [17].
Modern seed applications can ensure seed emergence and seedling growth, which is critical for a
SODQW¶V genetic and physiological potentials. Many
biological products have been successfully applied
to seeds for biocontrol [18].
dDUSÕFÕ DQG (UGHO [30] reported that germination rates of alfalfa varieties decreased from 96.80%
to 85.30% under salt stress. Similarly, Soltani et al.
[24] found that salinity stress reduced germination
rates from 92.033% to 68.000%.
We found that the wet and dry weights of alfalfa
rootlets and pedicels were significantly affected by
salinity stress. Seed coating applications increased
the rootlet wet and dry weights in laboratory and

CONCLUSION
Alfalfa is one of the most widely cultivated forage crops in the world. Because of the small size of
its seeds, coatings are frequently applied. Seed coatings optimize the seed size for sensitive sowing machines and provide nutrients and chemical ingredients that can improve seedling development. In this
study, alfalfa seeds coated with Panoramix were less
affected by salt stress during the emergence and early
seedling stages. Given this results, it would be
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[12] Maas, E.V. and Hoffman, G.J. (1977) Crop Salt
Tolerance-Current Assessment. J. Irrig. Drain.
Div. ASCE, 103, 115-134.
[13] <ÕOPD] ( 7XQa, A.L. and Bürün, B. (2011)
%LWNLOHULQ 7X] 6WUHVL (WNLOHULQH .DUúÕ
*HOLúWLUGLNOHUL7ROHUDQV6WUDWHMLOHUL&%h)HQ
Bilimleri Dergisi. 7(1), 47-66.
[14] Arslan, M. and Citak, S. (2016) Farmyard
Manure Usage Mitigates the Harmful Effect of
NaCl on Germination and Seedling Growth of
Silage Maize (Zea mays L.). Fresen. Environ.
Bull. 25(5), 1543-1548.
[15] 6DPDQFÕR÷OX $ <ÕOGÕUÕP (   %LWNL
*HOLúLPLQL 7HúYLN (GHQ %DNWHUL 8\JXODPDODUÕQÕQ %LWNLOHUGH .XUDNOÕ÷D 7ROHUDQVÕ
$UWWÕUPDGDNL(WNLOHUL0XVWDID.HPDOhQLYersitesi Ziraat Fakültesi Dergisi. 20(1), 72-79.
[16] Kaufman, G. (1991) Seed Coating: A Tool for
Stand Establisment; a Stimulus to Seed Quality.
HortTechnology,
http://horttech.ashspublications.org/content/1/1/98.full.pdf
[17] Taylor, A.G., Allen, P.S., Bennett, M.A.,
Bardford, K.J., Burris, J.S., Misra, M.K. (1998)
Seed Enhancements, Seed Sc. Res. 8, USA:245256.
[18] Junges, E., Toebe, M., Santos, R.F., Finger, G.
and Muniz, M.F.B. (2013) Effect of priming and
seed-coating when associated with Bacillus
subtilis in maize seeds. Revista Ciência
Agronômica. 44(3),520-526
[19] Kantar, F., Elkoca, E. (1998) Kültür bitkilerinde
WX]D GD\DQÕNOÕOÕN $WDWUN hQLY =LUDDW )DN
Derg. 29 (1), 163-174.
[20] Turk, M.A., Rahman, A., Tawaha, M., Lee,
K.D. (2004) Seed germination and seedling
growth of three lentil cultivars under moisture
stress. Asian Journal of Plant Sciences. 3 (3),
394-397.
[21] McDonald, M.B. (2000) Seed Priming. In:
Black, M., Bewley, J.D. (ed.) Seed Technology
and Its Biological Basis. 287±325. Sheffield
Academic Press, Sheffield, UK.
[22] Matthews, S., Noli, E., Demir, I. KhajehHosseini M. and Wagner M.H. (2012)
Evaluation of seed quality: from physiology to
international standardization. Seed Science
Research. (22), 69±73
[23] Gheidary, S., Akhzari, D. and Pessarakli, M.
(2017) Effects of salinity, drought, and priming
treatments on seed germination and growth
parameters of Lathyrus sativus L. Journal of
Plant Nutrition. 40(10), 1507-1514.
[24] Soltani, A., Khodarahmpour, Z., Jafari, A.A.
and Nakhjavan, S. (2012) Selection of alfalfa
(Medicago sativa L.) cultivars for salt stres
tolerance using germination indices. African
Journal of Biotechnology. 11(31), 7899-7905.

beneficial to study coating preparations that include
additional components such as phosphorus-dissolving bacteria and mycorrhiza.

ACKNOWLEDGEMENT
We would like to express our appreciation to
the Akdeniz University Scientific Research Project
Commission, which supported this study (FYL2017-2373).

REFERENCES
[1] Capstaff, N.M., Miller, A.J. (2018) Improving
the Yield and Nutritional Quality of Forage
crops. Frontiers in Plant Science. 9, 535.
[2] Pecetti, L., Romani, M., Rosa, L. De, Piano, E.
(2008) Selection of grazing-tolerant lucerne
cultivars. Grass and Forage Science. 63, 360±
368.
[3] $YFÕR÷OX 5 *HUHQ + 7DPNRo $ DQG
.DUDGD÷ <   <RQFD 0HGLFDJR VS / 
<(0%ø7.ø/(5ø %DNODJLO <HPELWNLOHUL &LOW
,,7&7DUÕPYH.|\LúOHUL%DNDQOÕ÷Õ7DUÕPVDO
hUHWLPYH*HOLúWLUPH*HQHO0GUO÷ø]PLU
[4] Anonymus, 2017. Turkish Statistical Institute,
www.tuik.gov.tr, Access: 30.12.2017.
[5] Carrow, R.N. and Duncan, R.R. (1998) Salt
affected turfgrass sites: Assessment and
management. Ann Arbor Press, Chelsea.
[6] Marcum, K.B. (2006) Use of Saline and NonPotable Water in the Turfgrass Industry:
Constraints and Developments. Agricultural
Water Management. 80,132±146.
[7] Ekmekçi, E., Apan, M. and Kara, T. (2005) The
Effect of Salinity on Plant Growth. J. of Fac. of
Agric., OMU. 20(3), 118-125.
[8] Arslan, M. (2016) Evaluating of Farmyard
Manure Applications on Germination, Seedling
Growth and Certain Hormone Contents of
Silage Maize (Zea mays L.) Under Salt (NaCl)
Stress. Advances in Food Sciences. 38 (4), 147154.
[9] Passam, H.C., Kakouriotis, D. (1994) The
effects of osmoconditioning on the germination
emergence and early plant growth of cucumber
under saline conditions. Sci. Hortic. 57, 233240.
[10] Foolad, M.R., Lin, G.Y. (1997) Genetic
potential for salt tolerance during germination in
Lycopersicon species. Hortscience. 32, 296300.
[11] Uddin, M.K. and Juraimi, A.S. (2013) Salinity
Tolerance Turfgrass: History and Prospects. The
Scientific World Journal, Volume 2013, Article
ID: 409413.

6983

© by PSP

Volume 27 ± No. 10/2018 pages 6978-6984

[25] Scott, S.J., Jones, R.A. and Williams, W.A.
(1984) Review of data analysis methods for seed
germination. Crop Science. 24, 1192-1199.
[26] Abdul-baki, A.A. and Anderson, J.D. (1970)
Viability and leaching of sugars from
germinating barley. Crop Science. 10, 31-34.
[27] Kurunc, A., Unlukara, A. and Cemek, B. (2011)
Salinity and drought affect yield response of bell
pepper
similarly.
Acta
Agriculturae
Scandinavica, Section B-Soil & Plant Science.
61 (6), 514-522.
[28] Sheaffer, C.C., Hall, M.H., Martin, N.P. Rabas,
D.L., Ford, J.H. and Warnes, D.D. (1988)
Effects of Seed Coating on Forage Legume
Establishment in Minnesota. Station Bulletin
584-1988 (Item Number AD-SB-3422)
Minnesota Agricultural Experiment Station
University of Minnesota. Ss,16.
[29] Wu, C., Wang, Q., Xie, B., Wang, Z., Cui, J. and
Hu, T. (2011) Effects of Drought and salt Stress
on Seed Germination of Three Leguminous
Species. African Journal of Biotechnology. 10
(78), 17954-17961.
[30] dDUSÕFÕ (% DQG (UGHO %  
Determination of Responses of Different Alfalfa
(Medicago sativa L.) Varieties to Salt Stress at
Germination Stage. Yyü. Tar. Bil. Derg. 26(1),
61-67
[31] Younesi, O. and Moradi, A. (2014) Effects of
Plant
Growth-Promoting
Rhizobacterium
(PGPR) and Arbuscular Mycorrhizal Fungus
(Amf) on Antioxidant Enzyme Activities in
Salt-Stressed Bean (Phaseolus vulgaris L.).
$JULFXOWXUH 3RĐQRKRVSRGiUVWYR . 60 (1),
í
[32] Wang, Y., Li, K. and Li, X. (2009) Auxin
redistribution modulates plastic development of
root system architecture under salt stress in
arabidopsis thaliana. Journal of Plant
Physiology. 166,1637-1645.
[33] &DFDQ ( DQG .RNWHQ .   %D]Õ \RQFD
0HGLFDJR VDWLYD /  oHúLWOHULQLQ WX]OXOX÷D
WROHUDQVÕQÕQ
EHOLUOHQPHVL
7UNL\H
.
7RKXPFXOXN.RQJUHVL'L\DUEDNÕU-496.
[34] 8\DQÕN0.DUDù0DQG.RUNPD].  
Determination of Responses of Some Winter
Canola (Brassica napus L.) Cultivars to Salt
Stress at Germination Period. Journal of
Agricultural Sciences. 20, 368-375.
[35] Haileselasie, T.H. and Gselasie, B. (2012) The
Effect of Salinity (NaCl) on Germination of
Selected Grass Pea (Lathyrus sativus L.)
Landraces of Tigray. Asian Journal of
Agricultural Sciences. 4(2), 96-101.
[36] Mahdavi, B. and Sanavy, S.A.M.M. (2007)
Germiantion and Seedling Growth in Grasspea
(Lathyrus sativus) Cultivars under Salininty
Conditions. Pakistan Journal of Biological
Sciences. 10(2), 273-279.

Fresenius Environmental Bulletin

Received:
Accepted:

15.05.2018
26.07.2018

CORRESPONDING AUTHOR
Mehmet Arslan
Akdeniz University, Faculty of Agriculture,
Department of Field Crops, 07059 Antalya, Turkey
e-mail: mehmetarslan@akdeniz.edu.tr

6984

© by PSP

Volume 27 ± No. 10/2018 pages 6985-6992

Fresenius Environmental Bulletin

ANAEROBIC TREATMENT OF SYNTHETIC WASTEWATER
CONTAINING DIFFERENT ANTIBIOTIC GROUPS IN
BATCH REACTOR
Dilek Malay1, Cansu Filik-Iscen2,*
1
Eskisehir Osmangazi University, Graduate School of Sciences, Eskisehir, Turkey
Eskisehir Osmangazi University, Faculty of Education, Department of Mathematics and Science Education, 26480 Eskisehir, Turkey

2

be supplied easily. This creates any environmental
problem [1, 2].
Recently, the antibiotics, which have a large
range of use, are used widely for human and animal
health, preservation of the foods in the food industry,
for health and growth of aquatic creates, in hospitals,
in the drug industry and for any scientific research
activities. But, as a result of the unconscious and unnecessary use of the antibiotics, any environmental
problems occur and any health problems by means
of the food chain in creatures and especially in people. The antibiotics may reach the earth, water resources and thus creatures without spoiling for a long
in the ecological cycle. In the studies, any antibiotic
residues are encountered in the earth and water resources even in very small concentration range.
Therefore, recently the studies have begun upon removal of antibiotic pollution [3].
The antibiotics taken by creatures are ejected
from the metabolism either without modifying in
vivo or in a very less transformed way. The ejected
antibiotic residues may be treated at the classic
wastewater treatment plants and enter the recipient
media directly. Due to aquatic pollution with permanent chemicals, bacteria and other microorganisms
in aquatic media may become more durable through
these chemicals. This causes development of more
antibiotic strength and growth of durable pathogens
in media. Therefore, the antibiotic wastewater having a high organic load must be treated absolutely
before they are delivered to the environment [3].
The classic treatment processes and advanced
treatment methods based on biological treatment are
used in the existing applications to eliminate any antibiotic pollution. Recently, the anaerobic/aerobic
consecutive treatment systems are used commonly
for wastewaters containing middle and high degree
organic substances [4].
In this study statistically investigates the optimization of anaerobic treatment conditions of synthetic wastewater containing cephalosporin group
(cephamycin), azole group (fluconazole) and tetracycline group (tetracycline) in a batch study.

ABSTRACT
Antibiotics are among the most successful
group of pharmaceuticals used for human and veterinary therapy. However, large amounts of antibiotics
are released into municipal wastewater due to incomplete metabolism in humans or due to disposal
of unused antibiotics. Anaerobic treatment systems
increasingly used for removal of antibiotics from
wastewater.
Today, anaerobic treatment systems commonly
used for wastewater containing medium and high degree of organic matters. This study was carried out
for the treatment of synthetic wastewater containing
different antibiotic group in batch reactor for removal of COD. The treatment process was monitored based on the statistical optimisation data of the
batch reactor studies. In the Full factorial tests, 27
different tests are established by considering the variables such as (i) different antibiotic groups (fluconazole, cefamycin and tetracycline); (ii) different initial antibiotic concentrations (25, 50, 75 mg/L) and
(iii) a type of co-substrate (propionic acid, glucose,
propionic acid-butyric acid-acetic acid mixture). As
a result of the statistical study is significant type of
antibiotics, antibiotic concentration and type of cosubstrate have a significant effect statistically on the
COD removal (p<0.05). The maximum COD removal for the fluconazole (experiment 19) was
98,87%.

KEYWORDS:
Anaerobic treatment, batch reactor, antibiotic, synthetic
wastewater

INTRODUCTION
With rapidly increased global population and
developing technology, pharmaceutics used in medicine, stockbreeding and agriculture enter the ecosystem together with industrial wastewaters and domestic wastewaters, accumulate in the nature and
create a major hazard for all creatures [1]. The medicines and antibiotics used especially in veterinary
medicine are used unduly as they are cheap and may
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In this study, optimization of the anaerobic
treatment of different antibiotic groups is examined
by applying a statistical experimental design. In the
Full Factorial tests, 27 different tests are established
by considering the variables such as (i) different antibiotic groups; (ii) different initial antibiotic concentrations (25, 50, 75 mg/L); and (iii) a type of cosubstrate (propionic acid, glucose, propionic acidbutyric acid-acetic acid, glucose mixture).
The tests intended above are implemented comparatively in 150 mL test volume in the Oxitop C
bottles. In Figure 1, the shape of the Oxitop C bottles
is shown. A necessary amount of basal medium is
added and pH is adjusted as 7±0.2 for growth of the
anaerobic microorganisms. pH is stabilized by adding NaHCO3 and dissolved oxygen is eliminated by
Na2S.9H2O. The nitrogen gas is delivered for 3 to 4
minutes after the Oxitop bottles (OxiTop® Control
AN12, WTW, Weilheim, Germany) is closed, and
thus oxygen in medium is removed. The glasses
were maintained at 35oC in an incubator during a period of 15 days [7].

RESULTS
FIGURE 1
Design of batch reactor (Armfield W12)

The Batch Reactor Studies of the
Wastewaters Containing Fluconazole, Tetracycline and Cephamycin. The full factorial test assembly installed in the batch studies of the synthetic
wastewaters prepared individually with fluconazole,
tetracycline and cephamycin antibiotics and the average COD removal ratios obtained as a result of
each test are given in Table 1.
The variance analysis and the double and triple
interaction analysis of the factors are conducted according to these analysis results. As a result of the
statistical study, the variance analysis obtained for
the COD removal is given in Table 2. It is seen that
the experimental study conducted according to these
analysis results is significant type of antibiotics, antibiotic concentration and type of co-substrate have
a significant effect statistically on the COD removal
(p<0.05).
The correlation between type of antibiotic and
COD is given in Table 3. Use of cephamycin increases the COD removal by 40.23%, while use of
fluconazole instead of tetracycline as a type of antibiotic in the batch reactor increases the COD removal by 37.52%. Use of cephamycin instead of fluconazole increases the COD removal by 2.71%.
The correlation between antibiotic concentration and COD is given in Table 4. The statistical
evaluate concludes that the COD removal of the
wastewater containing 25 mg/L antibiotic in the
batch reactor is 8.52% and 13.23% higher than the
wastewater containing 50 mg/L and 75 mg/L antibiotic respectively. Best COD removal is observed in
the wastewater prepared in 25mg/L antibiotic concentration.

MATERIALS AND METHODS
Antibiotics. The antibiotics used in this study
are cephamycin sodium (Zentiva), fluconazole (MP
Biomedicals), tetracycline (Sigma).
Anaerobic Sludge and Analytical Methods.
The anaerobic sludge (suspended solids 14 g L-1,
volatile suspended solids 3,8 g L-1) used in the batch
reactor studies is provided by the anaerobic treatment XQLW RI WKH (VNLúHKLU Municipal Wastewater
Treatment Plant, Turkey.
Suspended solids (SS), volatile suspended solids (VSS) and chemical oxygen demand (COD) were
analyzed according to the Standard Methods for Examination of Water and Wastewater [5].
Statistical Design and Batch Reactor Experiments. Factorial designs are widely used in experiments involving several factors. The three-level design is written as a 3k factorial design. It means that
k factors are considered, each at 3 levels. These are
usually referred to as low, intermediate and high levels. These levels are numerically expressed as -1, 0
and 1. The reason that the three-level designs were
proposed is to model possible curvature in the response function and to handle the case of nominal
factors at 3 levels. A third level for a continuous factor facilitates investigation of a quadratic relationship between the response and each of the factors [6,
7].
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TABLE 1
The batch reactor results obtained by the full factorial (33) design of the synthetic wastewaters prepared
by using fluconazole, tetracycline and cephamycin.

1
2

Antibiotic
concentration
Code
75 mg/l
+1
75 mg/l
+1

Fluconazole
Fluconazole

C
+1
+1

3

75 mg/l

+1

Fluconazole

+1

4
5

75 mg/l
75 mg/l

+1
+1

Cephamycin
Cephamycin

0
0

6

75 mg/l

+1

Cephamycin

0

7
8

75 mg/l
75 mg/l

+1
+1

Tetracycline
Tetracycline

-1
-1

9

75 mg/l

+1

Tetracycline

-1

10
11

50 mg/l
50 mg/l

0
0

Fluconazole
Fluconazole

+1
+1

12

50 mg/l

0

Fluconazole

+1

13

50 mg/l

0

Cephamycin

0

ABP

+1

14

50 mg/l

0

Cephamycin

0

0

86.30

15

50 mg/l

0

Cephamycin

0

-1

94.52

16
17

50 mg/l
50 mg/l

0
0

Tetracycline
Tetracycline

-1
-1

+1
0

53.27
34.32

18

50 mg/l

0

Tetracycline

-1

-1

35.30

19

25 mg/l

-1

Fluconazole

+1

GLUCOSE
PROPIONIC
ACID
ABP
GLUCOSE
PROPIONIC
ACID
ABP

+1

20

25 mg/l

-1

Fluconazole

+1

GLUCOSE

0

98.87
50.85

21

25 mg/l

-1

Fluconazole

+1

22
23

25 mg/l
25 mg/l

-1
-1

Cephamycin
Cephamycin

0
0

24

25 mg/l

-1

Cephamycin

0

25
26

25 mg/l
25 mg/l

-1
-1

Tetracycline
Tetracycline

-1
-1

27

25 mg/l

-1

Tetracycline

-1

Experiments

Antibiotics
varieties

COD Removal
(%)

Co-substrate
ABP
GLUCOSE
PROPIONIC
ACID
ABP
GLUCOSE
PROPIONIC
ACID
ABP
GLUCOSE
PROPIONIC
ACID
ABP
GLUCOSE
PROPIONIC
ACID

PROPIONIC
ACID
ABP
GLUCOSE
PROPIONIC
ACID
ABP
GLUCOSE
PROPIONIC
ACID

+1
0

93.56
84.41

-1

92.47

+1
0

96.84
83.84

-1

82.48

+1
0

47.92
44.48

-1

10,00

+1
0

94.66
92.19

-1

92.68
94.59

-1

94.91

+1
0

92.02
92.41

-1

95.29

+1
0

78.97
58.14

-1

93.73

TABLE 2
The variance analysis table for COD removal
Source of variation
Co-substrate
Antibiotic Type
Antibiotic Concentration
Co-substrate * Antibiotic Type
Co-substrate *
Antibiotic Concentration
Antibiotic Type *
Antibiotic Concentration
Co-substrate *
Antibiotic Type * Antibiotic Concentration
Error
Total

Sum of
squares
1678,972
18202,267
1619,501
637,688

F

Sig.

2
2
2
4

Mean
square
839,486
9101,133
809,750
159,422

4889,209
53005,447
4716,026
928,482

,000
,000
,000
,000

2129,341

4

532,335

3100,346

,000

5254,548

4

1313,637

7650,686

,000

2282,703

8

285,338

1661,822

,000

4,636
346750,372

27
54

,172

df

R2 = 1,000 (Adjucted R2 = ,1,000) df: Degree of freedom
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TABLE 3
The correlation between type of antibiotics and COD.
Type of antibiotic
Tukey HSD

N

Tetracycline
Fluconazole
Cephamycin

18
18
18

1
50,4517

Subset
2

3

87,9733
90,6822

TABLE 4
The correlation between antibiotic concentration and COD.
Antibiotic Concentration
75 mg/L
50 mg/L
25 mg/L

Tukey HSD

N

1
70,3889

18
18
18

Subset
2

3

75,0972
83,6211

TABLE 5
The correlation between type of co-substrate and COD.
Co-substrate
Tukey HSD

Glucose
Propionic acid
ABP

N
18
18
18

1
69,4406

Subset
2

3

76,5722
83,0944

FIGURE 2
The interaction between type of antibiotic and type of co-substrate.

The correlation between type of co-substrate
and COD is given in Table 5. In the batch reactor,
use of an acid mixture as type of co-substrate increases the COD removal by 6.52 % and 13.65 %
compared to use of propionic acid and glucose respectively. Best COD removal occurs in the acid
mixture.

The result of the statistical assessment of the
obtained data shows the double interaction between
type of antibiotic and type of co-substrate has a significant effect on COD removal (Figure 2).
As seen in the double between type of antibiotic
and type of type co-substrate significant for treatment of the synthetic wastewater, when fluconazole
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the highest COD removal occurs in 25 mg/L synthetic wastewater concentration containing antibiotic and in presence of propionic acid (Fig. 3).
It is shown that the double interaction between
antibiotic concentration and type of antibiotic has a
significant effect on COD removal (Figure 4). In the
profile graph drawn for the interaction between antibiotic concentration and type of substrate significant
for treatment of the synthetic wastewater, the best
COD removal is seen in 25 mg/L cephamycin concentration. The best removal is also observed in 50
mg/L antibiotic concentration.

is used as a type of antibiotic, and when ABP is used
as a substrate, maximum COD removal is obtained.
It is seen that, when tetracycline and cephamycin are
used as antibiotics, the best removal is obtained
again in ABP (Fig. 2).
The statistical studies show that the double interaction between antibiotic concentration and type
of co-substrate has a significant COD removal (Figure 3).
The profile graph drawn for the interaction between antibiotic concentration and type of substrate
significant for the synthetic wastewater shows that

FIGURE 3
The interaction between antibiotic concentration and type of co-substrate.

FIGURE 4
The interaction between antibiotic concentration and type of antibiotic.
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The test results show that the triple interaction
(between antibiotic concentration, type of antibiotic
and type of substrate) has a significant effect on
COD removal (Figure 5, Figure 6, Figure 7).
As understood from the profile graph of the triple interaction between antibiotic concentration,
type of antibiotic and type of co-substrate significant
for treatment of the synthetic wastewater, the highest
COD removal is obtained, when ABP is used as a cosubstrate, and fluconazole is used as a type of antibiotic, and 25 mg/L antibiotic concentration is used.

Fresenius Environmental Bulletin

But, it is determined that, when ABP is used as a cosubstrate, the cephamycin antibiotic also shows a
high COD removal in 75 mg/L antibiotic concentration. It is observed that, when propionic acid is used
as a co-substrate, tetracycline, fluconazole and
cephamycin antibiotics provide the best removal in
25 mg/L antibiotic concentration and when glucose
is used as a co-substrate, the best removal is obtained
in 25 mg/L cephamycin and 50 mg/L fluconazole.

FIGURE 5
The triple interaction between antibiotic concentration, type of antibiotic and type of co-substrate.

FIGURE 6
The triple interaction between antibiotic concentration, type of antibiotic and co-substrate.
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FIGURE 7
The triple interaction profile graph.

anaerobic treatment capacity of 50 mg/L amoxicillin, oxytetracycline, tylosin and erythromycin is examined individually in the anaerobic multi-chamber
bed reactor (AMCBR) system. It is found that the removal efficiency for amoxicillin is 76% in the reactors containing oxytetracycline, tylosin, erythromycin and amoxicillin. It is determined that maximum
COD removal efficiencies are 87%, 83%, 86% and
83% respectively at the end of 30th day. In a different
research, the treatment capacities of tylosin and
erythromycin antibiotics in the anaerobic multichamber bed reactor (AMCBR) system and then in
the aerobic completely stirred tank reactor (CSTR)
system are investigated. As a result of the study, it is
found that COD removal efficiencies of tylosin and
erythromycin fed into the reactor in the increased
concentrations (50, 100, 150, 200 and 250 mg/L) are
70% to 100% and 80% to 95% for erythromycin and
tylosin respectively in the anaerobic multi-chamber
bed reactor (AMCBR) system. In the consecutive
anaerobic/aerobic reactor system, approximately
95% COD and 100% antibiotic removal efficiencies
are obtained in all tylosin and erythromycin concentrations.
In the study conducted by Chen et al. [9] the
anaerobic treatment of the synthetic drug waste-waters such as 6 ± APA, amoxicillin, etc. are investigated at a high loading rate of 12.57 to 21.02 Kg m-

DISCUSSION
In this study, it is aimed to reveal the treatment
capacity of the wastewaters, which may form possibly as a result of environmental dispersion of the antibiotics as a group mostly used in the drug industry
in the anaerobic systems, to offer any alternative
treatment methods to the facilities generating these
wastewaters, to determine the microorganisms playing active role in the treatment operation and to create a specific inoculum for wastewater. In the scope
of the study, firstly the treatment potentials of the
synthetic wastewaters prepared with different groups
in vitro are determined in the batch anaerobic reactor.
In the batch studies of the synthetic
wastewaters prepared individually with fluconazole,
tetracyline and cephamycin antibiotics, 96.84%
COD removal is obtained, when ABP used as a cosubstrate in the synthetic wastewater, which is prepared with cephamycin and has 75 mg/L initial COD
ratio, while the best COD removal (98.87%) is
found, when the initial COD ratio is 25 mg/L and
ABP is used as a co-substrate in the study conducted
with fluconazole antibiotic.
When the literature is reviewed, any studies on
the anaerobic treatment of different antibiotic groups
are seen. In the study of Celebi et al. [8], the
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3
and at a pH value of 5.57 to 8.26. In the upstream
sludge bed reactor, 52.2% and 26.3% COD removal
are obtained for 6 ± APA and amoxicillin respectively.

Fresenius Environmental Bulletin

[9] Chen, Z., Wang, H., Chen, Z., Ren, N., Wang
A., Shi, Y., Li, X. (2010) Performance and
model of a full-scale up-flow anaerobic sludge
blanker (UASB) to treat the pharmaceutical
wastewater containing 6-APA and amoxcillin.
Journal of Hazardous Materials. 185, 905-913.

CONCLUSIONS
According to the findings of the batch studies,
the lowest concentration of fluconazole antibiotic
and a acetic acid- butyric acid- propionic acid (ABP)
type of co-substrate were affected on removal of
COD. This study shows that factorial design was one
of the suitable methods to optimize the operating
conditions for target values of COD removal.
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ABSTRACT
INTRODUCTION
Greenhouse soil salinization has received extensive attention, due to its serious impact on agricultural environment and crop production. A study
regarding the effect of drip irrigation and bioorganic
fertilizer application on the greenhouse soil and tomato crop was carried out from May to October in
south China. The experiment included three irrigation quotas of 15, 18 and 21 mm, and three bioorganic fertilizer application amounts of 2800, 3600
and 4400 kg/ha. A conventional treatment (abbreviated as CK), applied with inorganic fertilizer (180
kg/ha N, 90 kg/ha P2O5, 54 kg/ha K2O) and drip irrigation (18 mm), was adopted for comparison. The
tomato yield, the fruit quality indicators, as well as
the soil physicochemical properties were observed.
Results showed that, irrigation quota of 18 mm combined with bioorganicfertilizer application amount
of 4400 kg/ha resulted in the highest tomato yield
(132.6 t/ha) among the treatments, and increased it
by 24.6% compared to yield of CK. Both irrigation
and fertilization had extremely significant (p<0.01)
effect on the tomato yield and the contents of soluble
solid, total acid and vitamin C in tomato fruit. The
salt decrease rate in plough layer was significantly
(p<0.05) affected by irrigation or/and fertilization.
The treatment, combined with 21 mm irrigation
quota and 3600 kg/ha fertilizer application amount,
had a significantly (p<0.05) higher salt decrease rate
(22.4%), relative to the other treatments. With regards to soil properties, irrigation had significant
(p<0.05) effect on the soil indicators including soil
bulk density, total porosity, organic matter and field
capacity, and fertilization had significant (p<0.01)
effect on organic matter content and field capacity.
Overall, the treatments reduced the soil bulk density
by 2.9-12.8%, and increased the soil total porosity,
organic matter content and field capacity by 2.910.3%, 0.4-18.9% and 3.3-17.3%, respectively, relative to CK.

Greenhouse cultivation is worldwide popularized since it plays a positive role in producing outof-season and cross-regional crops [1]. At present,
greenhouse agriculture achieves great success in
Netherlands, the United States, Japan, as well as
many developing countries [2-6]. In China, the
greenhouse vegetable cultivation accounts for 11.6%
of the national agricultural acreage [7].
Despite greenhouse cultivation promotes China's economic development significantly, it also
causes a series of soil problems [8-10]. Among these
problems, soil salinization has attracted great attention, which destroys soil microflora, hinders the fertilizer decomposition, breaks the balance between
nutrient supply and demand, finally leads to a decline in crop quality and yield [9]. Moreover, serious
soil salinization results in excessive NO3--N in
groundwater and eutrophication in surrounding water, indirectly threatens the safety of drinking water
[11]. Thus, how to relieve the soil salinization when
using greenhouse cultivation, needs to be considered.
Presently, the saline soil improvement methods
include soil replacement, crop rotation, soil salt
leaching, rational fertilization, straw mulching,
etc[9,12-13]. However, there are different limitations for these methods. For example, salt leaching
may cause nutrient loss from surface soil [14]. Soil
replacement requires much manpower and material
resources [12]. Mulching suppresses the salt in a relatively deeper soil layer, while it can not eliminate
the salt radically [15]. Therefore, an integrate
method needs to be developed, which should offer
comprehensive benefits in terms of decreasing soil
salinity, reducing nutrient loss, improving soil physicochemical properties, meanwhile maintaining a
high yield and fine quality.
Bioorganic fertilizer application is an effective
method to improve the saline soil and enhance crop
quality, compared to chemical fertilizer [16]. Early
result showed that the bioorganic fertilizer application prevented the wilt disease in melon through meliorating soil environment, and the prevention rate

KEYWORDS:
Drip irrigation, bioorganic fertilizer, soil, tomato, yield,
quality
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plant. The width of each soil ridge was 60 cm, the
length was 3 m, and the height was 5 cm. A distance
of 20 cm was left between two adjacent ridges. Each
soil ridge planted 2 lines of tomato plant, with a rowto-row spacing of 30 cm and plant-to-plant spacing
of 40 cm. In total, there were 16 tomato plants in one
ridge. These 16 tomatoes were gathered as one treatment. Plastic film with 60 cm depth was buried into
the soil between different treatments, to prevent their
interaction in irrigation or fertilization. The tomato
variety "Xilan" was used as the plant material, their
seedlings were transplanted on May 18. The weeding and pest control were conducted as the conventional practice.
The experiment included 3 drip irrigation quotas (I1: 15 mm, I2: 18 mm, I3: 21 mm), and 3 application amounts of bioorganic fertilizer (F1: 2800
kg/ha, F2: 3600 kg/ha, F3: 4400 kg/ha), as was
shown in Table 1. A conventional treatment (abbreviated as CK), applied with inorganic fertilizer (180
kg/ha N, 90 kg/ha P2O5, 54 kg/ha K2O) and drip irrigation (18 mm), was used for comparison. Thus,
there were 3×3+1=10 treatments. Each treatment
replicated three times. The drip irrigation system
adopted mosaic column pipe with 8 mm inner diameter. The distance between adjacent emitters was 30
cm, the drip flow was 2 L/h, and the operating pressure was 0.3 MPa. The irrigation quota was regulated
by controlling the irrigation duration. In most greenhouse-cultivated areas in eastern China, one water
pump needs to irrigate many greenhouses. Water
supply to single greenhouse while not to others may
result in excessive pressure on the entrance of the
pump, which may damage the water pump. Therefore, the local farmers periodically open the water
pump, simultaneously irrigate all greenhouses, although some greenhouses are cultivated with different kinds of vegetables. To be close to the local practice, in this study, the irrigation was conducted each
6 days from May 21. During the whole growth period of 130 days, the tomatoes were irrigated 21
times. The bioorganic fertilizer (provided by Nanjing Institute of Vegetable and Flower Science,
Jiangsu, China) was fermented using EM (effective
microorganism, produced by AiMuLe Company,
Ltd, Jiangsu, China), dry straw, bean dreg and swine
manure, containing 5% N, 2.5% P2O5 and 1.5% K2O.
The inorganic fertilizer consisted of urea (46% N),
calcium superphosphate (16% P2O5) and potassiumsulphate (50% K2O). According to local practice, the total applied fertilizer was divided into three
parts: basal fertilizer, first fruit cluster fertilizer and
second fruit cluster fertilizer, these three parts of fertilizer occupied the same proportion of 33.33% for
the total. For inorganic fertilizer treatment (CK), the
small hole was digged at 5 cm distance from the
seedling root, and the basal fertilizer was applied
into the hole; the first and second fruit cluster fertilizers were applied using the same method. For organic fertilizer treatments, the basal fertilizer was

reaches 92%; besides, the fresh and dry weight of
melon increased by 139% and 287%, respectively
[17]. Nevertheless, when the application amount is
excessive, bioorganic fertilizer is invalid in controlling the soil salinity, this mainly because quantities
of bioorganic fertilizer produce excessive base ions
[18]. Hence, the application amount of bioorganic
fertilizer is of great importance to guarantee the improvement effect.
Salt leaching through irrigation is proved to be
a practical way to reduced salinity in plough layer
[19]. Chinese farmers usually apply large amount of
irrigation water to enhance the salt-removing effect,
which is deemed as one of the major causes of agricultural non-point source pollution [20]. But previous study indicated that, the crop absorption obstacle
under soil salt stress was primarily caused by high
NO3--N concentration in root-zone, a higher irrigation amount could improve the nutrient absorption
ability of crop [21]. So scheduling suitable irrigation
amount is a basis work before leaching the salt. Otherwise, a suitable irrigation amount benefits the fruit
(tomato) quality, by increasing the contents of vitamin C, total sugar and soluble solid [22].
Although many studies investigated soil property and crop response individually under drip irrigation and bioorganic fertilizer application, few
studies have looked into their combined effects on
the "soil-plant" system. In this study, greenhouse tomato was selected as plant material, and was treated
with different drip irrigation amounts and different
bioorganic fertilizer application amounts. The soil
characters and the tomato yield and quality under
these water-fertilizer coupling treatments were observed. The objective of this study is to provide useful information for the sustainable development of
greenhouse agriculture.

MATERIALS AND METHODS
Experimental site. The field experiments were
carried out from May to October in 2016 at Fruit Science and Technology Demonstrative Base (latitude
ƍƎ1 ORQJLWXGH ƍƎ( in south of
China (The experiments were permitted by its legal
representative named Zhang Zhixiong). The physicochemical properties of the soil in plough layer at
the experimental field were: salt content of 2.72
g/kg, organic matter content of 2.1%, total N content
of 0.96 g/kg, available P content of 14.2 mg/kg,
available K content of 110.6 mg/kg, bulk density of
1.39 g/cm3, and field capacity of 22.9%.
Experimental design. The experiments were
conducted in a plastic-covered greenhouse with span
of 8m and length of 30 m. The total experimental
area was about 75 m2. Before transplant, soil ridges
were established to create suitable condition for the
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TABLE 1
Experimental design of irrigation and fertilization.
F1
F2
F3

Irrigation
quota (mm)
15
15
15

Irrigation
amount (mm)
315
315
315

F1
F2
F3

18
18
18

378
378
378

Irrigation

Fertilization

I1

I2

I3

Fertilization
amount (kg/ha)
2800
3600
4400

Irrigation Date
May 21, May 27,
Jun 2, Jun 8, Jun
14, Jun 20, Jun 26,
Jul 2, Jul 8, Jul 14,
Jul 20, Jul 26, Aug
1, Aug 7, Aug 13,
Aug 19, Aug 25,
Aug 31, Sep 6,
Sep 12, Sep 18.

2800
3600
4400

Fertilization
date

May 18, Jul
25, Aug 13.

F1
21
441
2800
F2
21
441
3600
F3
21
441
4400
Note: In the local practice, the tomatoes are irrigated with the irrigation quota of 18 mm and applied with the inorganic N amount of 180 kg/ha.
In this experiment, the irrigation quotas and the N application amounts were scheduled as approximately 80%-120% of the local amount. The
total fertilizer was distributed as a ratio of basal fertilizer (May 18): first fruit cluster fertilizer (Jul 25): second fruit cluster fertilizer (Aug
13)=1:1:1.

180

Tomato yield (t/ha)

160

I: **
F:**
I×F: ns

F1

F2

a

140

a

a
b

120

F3
a

b

bc

c
100

d

80
60
I1

I2
Irrigation treatments

I3

FIGURE 1
The effect of different water-fertilizer treatments on tomato yield (I1, I2 and I3 represent different irrigation quotas of 15, 18 and 21 mm. F1, F2 and F3 represent different organic fertilizer application amounts
of 2800, 3600 and 4400 kg/ha.
Means followed by the same letter (a, b, c, d) do not differ significantly at 0.05 level, accordiQJWR'XQFDQ¶VPXOWLSOHUDQJHWHVW  DQGQV
indicate that the experimental treatment has a significant (at 0.05 level) effect, an extremely significant (at 0.01 level) effect, and no significant
effect on the tomato yield, respectively).

sodium hydroxide titration method. The vitamin C
was measured by the 2, 6-dichloroindophenol titrimetric method [22].
(3) Soil salt content (g/kg): The soil samples in
plough layer were collected every 15 days from May
22 using 5-point method [23]. They were naturally
dried and then grinded to measure the soil salt content [24].
(4) Soil physicochemical properties: At the end
of the experiment (September 22), soil samples were
collected from the plough layer using small soil auger. The soils were air-dried, grinded and passed
through a 0.15 mm sieve. The soil organic matter
was measured using the potassium bichromate-acid
oxidation heating method.
Meanwhile, the undisturbed soil samples were
collected by the cutting ring sampler, to determine
the soil bulk density, porosity and field capacity [25].

mixed evenly with the ridge soils before transplant;
the first and second fruit cluster fertilizers were
mixed with the soils surrounding the plant root when
applying.
Measurement. (1) Tomato yield (t/ha): At harvest stage, the mature tomatoes were collected in
batches then weighed, for calculating the total tomato yield.
(2) Tomato quality: The tomatoes in the upper
and lower layer of the plant were used for the quality
determination. In each treatment, 6 tomato fruits (3
from upper layer and 3 from the lower layer) with
similar appearance were collected from 3 randomly
selected plants. The average index (soluble solid, total acid, etc.) value of the six fruits was used to display the tomato quality.
The soluble solid was measured using a ACT1E digital refractometer (ATAGO company, Japan).
The total sugar was measured by the Fehling reagent
titration method. The total acid was measured by the

Statistical analysis. Data were submitted to
SPSS 18.0 software to compare the difference [26].
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TABLE 2
The effect of different water-fertilizer treatments on some quality indicators in tomato
Treatment
Soluble solid(%)
Total sugar(g/100 g)
Total acid(g/100 g)
Vitamin C(mg/100 g)
I1F1
6.19±0.25 de
5.93±0.33 abc
0.70±0.01 ab
12.6±0.41 bcd
I1F2
6.65±0.29 bcd
6.26±0.14 ab
0.67±0.01 abc
13.0±0.25 ab
I1F3
6.84±0.26 bc
6.73±0.70 a
0.65±0.03 bcd
13.5±0.19 a
I2F1
6.49±0.22 bcde
6.19±0.39 ab
0.68±0.02 abc
11.7±0.33 e
I2F2
6.93±0.22 ab
6.56±0.64 a
0.68±0.06 abc
12.2±0.29 cde
I2F3
7.41±0.14 a
5.58±0.25 bcd
0.60±0.02 de
12.6±0.21 bc
I3F1
5.24±0.34 f
4.98±0.21 de
0.62±0.03 cd
11.0±0.37 f
I3F2
5.94±0.22 e
4.27±0.15 e
0.51±0.01 f
11.9±0.33 de
I3F3
6.32±0.17 cde
4.97±0.28 de
0.55±0.02 ef
12.3±0.17 cde
CK
4.87±0.27 f
5.23±0.26 cd
0.72±0.01 a
10.8±0.49 f
I
**
**
**
**
F
**
ns
**
**
I×F
ns
*
*
ns
Note: I1, I2 and I3 represent different irrigation quotas of 15, 18 and 21 mm. F1, F2 and F3 represent different organic fertilizer application
amounts of 2800, 3600 and 4400 kg/ha. In the same column, means followed by the same letter (a, b, c, d, e, f) do not differ significantly at
OHYHODFFRUGLQJWR'XQFDQ¶VPXOWLSOHUDQJHWHVW. *, **and ns indicate that the experimental treatment has a significant (at 0.05 level)
effect, an extremely significant (at 0.01 level) effect, and no significant effect on the tomato quality indicator, respectively.

and was 28.7% higher compared to CK. The irrigation and the combination of irrigation and fertilization has an extremely significant (p<0.01) effect and
a significant (p<0.05) effect on total sugar content,
respectively.
Total acid content presented a negatively relationship with irrigation or fertilization. Although the
total acid content under the treatments was lower
when compared to CK, the difference was insignificant (P>0.05) between I1F1/I1F2/I2F1/I2F2 and
CK. The I3F2 treatment had the lowest total acid
content of 0.51g/100g, and was 29.2% lower than
that of CK. Irrigation or fertilization has extremely
significant (p<0.01) effect on the total acid content,
and their combination effect is significant (p<0.05).
In addition to I3F1, the vitamin C content in tomato under the treatments were significantly higher
(p<0.05) compared to CK. Obviously, vitamin C
content has a positive relationship with fertilizer application amount, but a negative relationship with irrigation quota. Vitamin C content was significantly
(p<0.01) affected by irrigation or fertilization, while
was insignificantly (P>0.05) affected by their combination.

RESULT
The effect of different treatments on tomato
yield. The tomato yield under different water-fertilizer treatments were shown in Fig 1. The tomato
yield was significantly (p<0.01) affected by irrigation or fertilization, but was not significantly
(P>0.05) affected by the integration of irrigation and
fertilization. Under the same irrigation quota, the tomato yield was increased significantly (p<0.05) as
the fertilizer application amount increased (from F1
to F2). Under the same fertilizer application amount,
the tomato yield was significantly (p<0.05) increased by 18.4-24.6% when the irrigation quota increased from I1 to I2, while when it increased from
I2 to I3, the yield increase was not significant
(P>0.05). Among the different treatments, I2F3 obtained the highest yield of 132.6 t/ha, and was 24.6%
higher than that of CK (106.4 t/ha), i.e. 18 mm irrigation quota combined with 4400kg/ha organic fertilizer application amount has the optimal effect in
increasing the tomato yield.
The effect of different treatments on tomato
quality.Except for I3F1, the soluble solid content of
tomato under the treatments were significantly
(p<0.05) higher than that under CK (Table 2). I2F3
achieved the highest soluble solid content of 7.41%,
while the lowest (5.24%) was in I3F1. When the irrigation quota is the same, the soluble solid content
presented an increasing trend with the increase of
fertilization amount. Under the same fertilizer application amount, the soluble solid content was in a relatively higher level when the irrigation quota was 18
mm. Overall, the irrigation or fertilization has extremely significant (p<0.01) effect on the soluble
solid content, while no significant (P>0.05) effect
was found under their combination.
The total sugar content in tomato under I1 and
I2 irrigation quota was found higher relative to CK
(5.23 g/100g), however, it was lower than CK when
under I3. Total sugar content of I1F3 was highest,

The effect of different treatments on the salt
dynamic change. Fig 2 displayed the effect of different treatments on the salt dynamic change of soil
in plough layer. The salt content presented a fluctuant reduction trend, overall. During each period, the
salt content was lower in the treatments than in CK.
The salt content showed a dramatically decrease tendency from May 22 to June 21, possibly due to the
leaching effect of irrigation water. While from June
21 to July 21, when the experimental site entered into
the high temperature stage, the salt started to increase, and reached the maximum at July 21, this
process might be explained by the soil resalinization
caused by strong evaporation. After that, the soil salt
content under different treatments decreased gradually.
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FIGURE2
The dynamic change of soil salt in plough layer under the different water-fertilizer treatments (I1, I2 and
I3 represent different irrigation quotas of 15, 18 and 21 mm. F1, F2 and F3 represent different organic
fertilizer application amounts of 2800, 3600 and 4400 kg/ha).
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FIGURE 3
The effect of different water-fertilizer treatments on salt decrease rate of soil in plough layer (I1, I2 and I3
represent different irrigation quotas of 15, 18 and 21 mm. F1, F2 and F3 represent different organic fertilizer application amounts of 2800, 3600 and 4400 kg/ha.
0HDQVIROORZHGE\WKHVDPHOHWWHU DEFG GRQRWGLIIHUVLJQLILFDQWO\DWOHYHODFFRUGLQJWR'XQFDQ¶VPXOWLSOHUDQJe test. * and **
indicate that the experimental treatment has a significant (at 0.05 level) effect and an extremely significant (at 0.01 level) effect on the salt
decrease rate, respectively)

The effect of different treatments on the soil
physicochemical properties. Compared to CK, the
soil bulk density under the treatments were decreased by 2.9-13.0% (Table 3). The lowest soil bulk
density, 1.2 g/cm3, was recorded by I1F3. Irrigation
had extremely significant (p<0.01) effect on the soil
bulk density, and its combination with fertilization
also has a significant (p<0.05) effect on the bulk density. The total porosity of soil were detected to be
higher for the treatments when compared to CK.
I1F3 obtained the highest soil porosity of 57.6%,
which was 10.3% higher than that of CK. Irrigation
was found to have significant (p<0.05) effect on soil

Fig 3 showed the salt decrease rate with different treatments. Under I1 and I2 irrigation quota, the
salt decrease rate increased as the fertilizer application amount increased. Similarly, under F1 and F2
fertilizer application amount, salt decrease rate increased as the irrigation quota increased. The I3F2
treatment, with irrigation quota of 21 mm and fertilizer amount of 3600 kg/ha, had the highest salt decrease rate of 22.4%, and was significantly (p<0.05)
higher than that of other treatments. The salt decrease rate was significantly (p<0.01) affected by irrigation or fertilization, and was also significantly
(p<0.05) affected by their combination.
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I1F1
I1F2
I1F3
I2F1
I2F2
I2F3
I3F1
I3F2
I3F3
CK
I
F
I×F
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TABLE 3
The effect of different treatments on the soil physicochemical properties
Bulk density
Total porosity
Organic matter
Field capacity
(g/cm3)
(%)
(%)
(%)
1.27±0.03 cde
56.0±0.63 ab
2.32±0.09 c
25.3±0.88 c
1.21±0.01 e
57.0±1.69 a
2.33±0.14 c
28.8±0.82 a
1.20±0.02 e
57.6±1.85 a
2.55±0.11 ab
29.1±0.49 a
1.28±0.04 bcd
55.9±0.24 ab
2.30±0.08 c
25.5±0.91 bc
1.31±0.01 bc
53.7±1.24bc
2.35±0.10 bc
25.9±0.61 bc
1.22±0.02 de
57.2±0.62 a
2.72±0.06 a
28.7±0.54 a
1.28±0.06 bcd
54.0±1.30 bc
2.46±0.07 bc
25.5±0.29 bc
1.34±0.03 ab
55.0±1.30 ab
2.71±0.08 a
26.9±0.73 b
1.32±0.02 abc
55.2±0.87 ab
2.75±0.10 a
28.4±0.75 a
1.38±0.01 a
52.2±1.51 c
2.31±0.04 c
24.5±0.41 c
**
*
**
*
ns
ns
**
**
*
ns
ns
*

Note: I1, I2 and I3 represent different irrigation quotas of 15, 18 and 21 mm. F1, F2 and F3 represent different organic fertilizer
application amounts of 2800, 3600 and 4400 kg/ha. In the same column, means followed by the same letter (a, b, c, d, e) do
QRWGLIIHUVLJQLILFDQWO\DWOHYHODFFRUGLQJWR'XQFDQ¶VPXOWLSOHUDQJHWHVW  DQGQVLQGLFDWHWKDWWKHH[SHULPHQWDO
treatment has a significant (at 0.05 level) effect, an extremely significant (at 0.01 level) effect, and no significant effect on the
soil physicochemical property, respectively.

greenhouse. The organic fertilizer induced soluble
solid increase might due to the fact that the various
nutrients provided by organic fertilizer were effectively assimilated and transformed by tomato plant.
Other quality indicators in this study, such as tomato
sugar and vitamin C also presented an increasing
trend with higher organic fertilizer application
amount. This confirmed Wang's [34] finding, in
Wang's study, contents of soluble sugar, vitamin C
and soluble protein in tomato fruit increased respectively by 24.5%, 10.7% and 36.4%, after applied
with EM bio-organic fertilizer (fermented by fresh
chicken manure, corn straw, and EM solution). The
effect of organic fertilization on tomato quality indicators might also associated with the soil microorganism added by the organic fertilizer. Daiss [35]
pointed out that, increasing soil microorganism or
changing the soil electromagneticenvironment
would influence the contents of vitamin C and mineral substance in vegetable crop.
Our study detected that the main nutrients in tomato fruit decreased as the irrigation quota increased, agreeing with most early studies [36,37].
Liu's [38] experiment on processing tomato showed
that drip irrigation decreased the fruit soluble solid
by 19%, and lycopene by 8%, relative to non-irrigation. Previous findings and our results all revealed
that: (1) there was a contradiction tomato quality improvement and yield increase [39]; (2) the higher irrigation quota increased plant water uptake and utilization, which caused a dilution effect on the nutrients in fruit [40]. When reducing irrigation water
supply, the water consumption used for osmotic regulation in peel was reduced, leading to an increase in
vitamin C; meanwhile, the content of sugar that entering from phloem to fruit was increased, this

porosity. The soil organic matter content showed an
obviously positive relationship with fertilizer application amount, and overall showed a positive relationship with irrigation quota. Although the irrigation or fertilization had extremely significant
(p<0.01) effect on the organic matter content, their
combination effect was insignificant (P>0.05). Relative to CK, field capacity were increased by the
treatments in various degrees. The highest soil field
capacity of 29.1% was found in I1F3, which was
18.8% higher than that in CK. Irrigation, fertilization, as well as their combination, has significant
(p<0.05) effect on the soil field capacity.

DISCUSSION
Overall, our study indicated a positive relationship between tomato yield and the irrigation quota,
as well as the fertilizer application amount. This was
because that fertilization promoted the growth of tomato root, increased the plant water uptake, and benefited the plant photosynthesis. A suitable soil moisture contributed to a higher stomatalconductance, it
combined with the fertilizer application could increase chlorophyll content, facilitated the photosynthesis, thus enhanced the yield formation [27]. Although many studies have shown that, the tomato
yield increased as the irrigation amount increased
[28,29,30], Lincoln [31] and Liu [32] found that excessive irrigation and fertilization would not increase the crop productivity.
Under the same irrigation quota, a higher organic fertilizer application amount resulted in a
higher soluble solid content in tomato fruit, which
was similar to Hou's [33] research result in solar
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increase the field capacity. However, surprisingly,
we have not discovered the positive relationship between irrigation quota and field capacity, this might
due to the difference in the experimental soil and irrigation level.
This study investigated the effect of drip irrigation and organic fertilizer application on the soil and
tomato in greenhouse. The overall results suggested
that the coupling of drip irrigation and organic fertilization was feasible in improving the salt-affected
soil, while maintaining the fruit yield and quality.
However, caution should be made while interpreting
the results, because this experiment was done in
south China, and the climate, as well as soil type
might be different at other places. Besides, optimal
selection of water-fertilizer coupling scheme with
comprehensive consideration of crop yield, quality,
water/fertilizer use efficiency and soil improvement,
needed to be conducted in future, to offer a beneficial
option for farmers.

contributed to a higher soluble solid content in tomato [41].
Compared to inorganic fertilization, organic
fertilization reduced soil salinity, this proved the results by Li [42] who noted that organic fertilizer
could reduce the accumulation of soil NO3--N thus
lessen the soil salts. Also, the organic additive could
enhance the enzyme and microorganism activity and
relieve the phytotoxicity induced by soil salinization
[43]. While it should be noticed that in this study,
when fertilizer application amount increased from
F2 to F3, the salt decrease effect was not significantly improved, or even being poor under I3 irrigation quota. This suggested that the organic fertilizer
amount exceeding a certain limit was invalid in controlling soil salinity. A higher irrigation quota corresponded to a greater salt decrease rate, demonstrating the result by Sun [44]. Greater irrigation supply
lowered the consumption of soil moisture storage,
alleviated the upward movement of soil water, therefore decreased the soil salinity in upper soil layer
[45]. Zhang's [46] study noted that salt in shallow
soil layer was leached into deep layer by irrigation,
which led to a reduction in salt content in shallow
layer, this was confirmed by our result that the salt
in plough layer decreased more obviously when under higher irrigation quota.
In this study, compared to CK, the treatments
increased soil organic matter content, field capacity
and total porosity, whereas decreased bulk density.
Thereinto, soil organic matter was a key index that
had the strong relationship (R=0.82) with tomato
yield (Table 4). The research regarding the effect of
inorganic and organic compound fertilization on cotton-cultivated soil showed that, organic fertilizer addition dramatically enhanced soil fertility and reduced bulk density [47]. Similar study by Zhang [48]
also achieved satisfactory effects in improving saline
soil using organic fertilizer, a 3000 kg/ha amount of
ferment organic fertilizer was found to increase soil
organic matter by 25.3%. Influence mechanism of
organic fertilization on soil porosity and bulk density
was: quantities of microorganisms entered into the
soil, the organic matter was decomposed by microorganism, this process produced humic acid, it was
able to cement the loose soil particles into soil aggregate, thus the bulk density was reduced and the porosity was increased [49]. Nakayama [50] found that
a higher irrigation amount could make more water
enter into and remain in the soil pore, therefore

CONCLUSION
Our results indicated that the irrigation and fertilization had various effects on tomato yield, quality, as well as the soil properties. The I2F3 treatment,
with 18 mm irrigation quota and 4400 kg/ha fertilizer
application amount, obtained the highest yield of
132.6 t/ha, and by 24.6% higher than that of CK. Irrigation or fertilization had extremely significant
(p<0.01) effect on the tomato yield and the contents
of soluble solid, total acid and vitamin C in tomato
fruit. The salt decrease rate in plough layer was significantly (p<0.05) affected by irrigation or/and fertilization. I3F2 had a significantly (p<0.05) higher
salt decrease rate of 22.4%, when compared to the
other treatments. With regards to soil properties, irrigation had significant (p<0.05) effect on all the
four soil indicators including soil bulk density, total
porosity, organic matter and field capacity, while
fertilization had significant (p<0.01) effect on the organic matter content and field capacity. In addition
to individual, the treatments reduced the soil bulk
density by 2.9-12.8%, and increased the soil total porosity, organic matter content and field capacity by
2.9-10.3%, 0.4-18.9% and 3.3-17.3%, respectively,
relative to CK.

TABLE 4
Relationship between tomato yield and soil indicators
Yield
Bulk density
Total porosity
Organic matter
Field capacity
Yield
1.00
0.34
-0.21
0.82 **
0.36
Bulk density
1.00
-0.81 **
0.19
-0.55
Total porosity
1.00
0.10
0.69 *
1.00
0.54
Organic matter
1.00
Field capacity
Note: Values in the table represent the correlation coefficient, * indicate correlate at significant level (p<0.05), ** indicate
correlate at much significant level (p<0.01).
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BIOCHEMICAL TESTS FOR THE TOXICITY OF SOME PESTICIDES ON THE TWO SPOTTED SPIDER MITE
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sensitive populations of the two spotted spider
mite.The results also showed the descending order of
the ovicidal in terms of relative potencyas follows:etoxazole>hexythiazox>abamectin>clofentezine>spiromesifen on the egg stage of the sensitive
population.The results of the descending order of the
ovicidal effect in terms of relative potency wereas
follows: etoxazole> Abamectin>clofentezine>Spiromesifen>HexythiazoxOn the egg stage of local
populations,Deir-$OODDQG%DT¶DWZRVSRWWHGVSLGHU
mite populations.

ABSTRACT
Laboratory experiments were carried out to investigate the effect of five pesticides on the egg stage
of three different populations of the two spotted spider mite Tetranychus. urticae .The pesticides were
etoxazole, clofentezine, hexythiazox, abamectin and
spiromosphin. Red spider mite was collectedfrom
Deir-Alla and Baq'a and Syrian population. Among
the various pesticides used in the study,etoxazolewas
the most toxic pesticide for eggs with the lowest
LC50 value. The LC50 value of etoxazole for three
different populations of T. urticae ranged from 0.067
± 0.51 ppm compared to LC50 value of (0.07-422)
ppm for hexythiazox , which was the lowest toxicity.
The descending order of ovicidal activity of the different acaricides on the three different populations
ofT.urticaewas :etoxazole, abamectin ,clofentezine,Spiromesifen,hexythiazox ranged from (0.07422) ppm. The toxicity of hexythiazox was 208 folds
higher than the toxicity of the spiromosphinon the
eggs stage of the sensitive population of the two
spotted spider mite while the toxicity of the spiromosphin was higher than the toxicity of hexythiazox on
WKH HJJ VWDJH RI WKH ORFDO SRSXODWLRQV %DT¶D DQd
Deir-Alla populations 1.15 and1.13 folds,respectively. The toxicity of Abamectin was 57.1-59.1 fold
higher than the toxicity of hexythiazox on the eggs
of the local populations of Deir-$OODDQG%DT¶DSRS
ulations . The toxicity of clofentazen was 11.6-11.14
fold higher than the toxicity of hexythiazox on the
egg stage of the local populations of the two spotted
spider mite. The toxicity of clofentazen was 1.26 fold
higher than the toxicity of the spiromesifen on the
egg stage of the sensitive population by calculating
the relative potency of clofentazen compared to the
spiromesifen, which is expressed in the number of
folds for the efficiency of the pesticide. Hexythiazox
was almost non-toxic to the eggs of the local populations of Deir-Alla and Baq¶D WZR VSRWWHG VSLGHU
mite populations where the toxicity index ranged between (0.04 - 0.129)%, respectively, while the toxicity was higher up to 80% on the egg stage of the

KEYWORDS:
Biochemical Tests, Pesticides, Two Spotted Spider Mite,
Three Populations, Jordan.

INTRODUCTION
(Tetranychidae) members particularly two
spotted spider mite (TSSM) are economic pests on
various food crops, ornamental plants and even industrial crops and has become increasingly important since the world war II[1,2].Thetwo spotted
spider mite (Tetranychus urticae Koch) was considered to be the most important pest spread in the
world, which recorded in Europe, Asia, Africa, Australia, the Caribbean Islands, the Atlantic, North
America, Central and South America, [2] and caused
significant economic losses in Jordan, especially in
the Ghor and Shafa.Ghor regions where the TSSM is
present throughout the year. The use of specific acaricides to control this pest is necessary in order to reduce its damage and numbers below economiclevel
damage [1].
Most modern research is concerned with trying
to find highly specialized acaricides that are effective
in controlling mite without destroying beneficial insects and natural enemies of Acari, has little harm to
the environment and does not help the appearance of
resistance due to the indiscriminate use of these pesticides. The pesticide destroys sensitive genotypes
and keeps the genotype tolerant as is the case with
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the emergence of resistance to organic phosphorus
pesticides and to many acaricides [3,4,5,6,7].
In general, proper programming to control any
pest begins with the first laboratory studies where the
testing and evaluation of the efficiency of number of
pesticides and then choose the effective pesticides
for field testing [7, 8].Toxicity tests are the most important laboratory studies in order to determine the
toxicity of each pesticide, on each stage of the pest
and todetermine the stage most affected by the pesticide. This research aims to study the toxicity of some
acaricides, to compare their effectiveness and relative efficiency on the different stages for the two
spotted spider mite Tetatetranychus urticaea.

ThePesticides Used.Five of the most common
used acaricides for cucumber production in Jordan
were tested against egg stage of T. urticae populations. The acaricides and their properties are shown
in Table (1).
Bioassay on eggs.To provide eggs to this test,
bean leaves were placed in Petri dishes lined with
water saturated cotton wool. Gravid female mites
were introduced on the lower surfaces of the leaves,
before spraying and permitted to lay eggs for 24 h,
and then they were removed. Three replicates were
used (40 eggs / leaf) for each concentration. Immediately after removal of the adults, the leaves were
sprayed with five concentrations of abamactine, hexythiazox, etaxazole, clofentezine and spiromesifen
separately and distilled water alone was used as a
control treatment. The sprayed leaves were dried for
at least 2 min. After drying, the leaves were placed
at room temperature ranged between 25 and 32 C
while relative humidity was 60-65 %. All leaves
were examined daily. Egg hatching rate was recorded daily by counting the number of hatched eggs
and larvae on the leaves [15].

MATERIALS AND METHODS
Population of two-spotted spider mite
used.Two T. urticae populations were collected
from cucumber plants grown under plastic houses
conditions in two different regions of Jordan. These
geographical regions include Deir-Alla and Baq'a.
These regions were considered, the main areas for
cucumber production in the country. A susceptible
strain of T. urticae was obtained from Lattakia Center for Rearing and Production of Biological Agents
(LCRPBA) in Syria. This population was reared in
(LCRPBA) for 5 years without the application of acaricides.

Statistical Methods. The mortality data recRUGHGZHUHFRUUHFWHGXVLQJ$EERWW¶VIRUPXOD[9]depending upon the mortality in the water sprayed control. The corrected mortalities were then subjected to
Probit Analysis [15] for calculating median lethal
concentration values (LC50) for each of the test acaricide and based on the LC50 values relative toxicity
of different acaricides were determined.
The efficiency of the used pesticides was assessed based on the toxicity index. The toxicity index
was calculated according to the formula [10, 18].
Toxicity index = (The LC50 value of the most
HIIHFWLYHSHVWLFLGH»/&YDOXHRIRWKHUSHVWLFLGH 
×100

Production of bean plants.Bean (Phaseolus
vulgaris L. cv. Bronco) was chosen for rearing and
for the toxicological tests of the (TSSM), because it
LVRQHRIWKHPLWH¶VIDYRULWHKRVWDQGIRULWVHDVHRI
producing transplants. Seeds of beans (Bronco) were
directly sowed inside 10 cm pots. Potting media used
were Peat moss and Perlite with 3:1 ratio. Plants
were infested with Syrian sensitive strain of T. urticae when they reached the true leaf stage. These
plants were irrigated and replaced as needed. No pesticides were applied on the plants except for acaricide tests. These plants were grown under greenhouse conditions. For use in the toxicological tests,
polystyrene trays of 84 cells were filled by Peat-moss
and Perlite (3:1 ratio). Then, these trays were sown
by 1-2 bean seeds for each cell, after complete germination the cotyledon leaves were used.

Or through calculating the relative efficiency
[11, 12, 18], which is expressed as the number of efficiency times of the compound, according to the following formula:
Relative efficiency= The LC50value of the
OHDVWHIIHFWLYHSHVWLFLGHV»/&YDOXHRIRWKHUSHVWL
cide.

TABLE 1
The five acaricides and their properties which were used in this study
Common
name
Abamectin

Trade
name
Vertimec

Formulation

Company

1.8 EC

Spiromesifen
Hexythiazox
Etoxazole

Oberon
Nissorun
Baroque

24 SC
10 WP
10 (SC),

Syngenta
AG
Bayer
Nippon Soda
Valent

Clofentezine

Apollo

50 (SC)

Irvita Plant
Protection

Rate of
appli-cationMg /L H2O
7.2

Molecular formula
C49H74O14

180
0.5
0.5

C23H30O4
C17H21ClN2O2S
C21H23F2No2,

0.5

C14H8Cl2N4
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Group
Abamectin
Spinosyns
Carboxamide
Diphenyl oxazoline
Tetrazine
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TABLE2
Relative toxicity of selected ovicides eggs of different populations of two spotted spider mite
under laboratory condition after 144 h.
Pesticides
Hexythiazox

Populations

Syrian
Baq'a
Deir-Alla

Toxicity parameters
1
LC50 ppm*
95% CL
0.10a
0.07-0.12
331b
321.9.5-340
320bc
317-422

3.00
19.2
3.33

Syrian
Baq'a
Deir-Alla

0.08a
0.43c
0.15b

0.067 - 0.098
0.37-0. 51
0.12 - 0.16

2.82
3.25
3.25

Syrian
Baq'a
Deir-Alla

16.56a
29.7c
27.4bc

13.9 - 20.2
25.08 - 34.8
22.9-32.2

1.19
3.11
2.98

Syrian
Baq'a
Deir-Alla

1.39a
5.6b
4.2b

1.30-1.54
3.90-4.40
1.7-4.9

0.56
4.59
1.5

Syrian
Baq'a
Deir-Alla

20.8a
286b
283c

18.37-23.09
255-335
242.5-320.3

2.59
3.79
3.65

Slope

Etoxazole

Clofentezine

Abamactine

Spiromisfin

*=LC50 values having different letters are significantly different (95% did not overlap).
1 = 95% confidence limits for LC50 in ppm.
Means sharing the same latter within the same pesticide do not differ significantly at 5% level using LSD test.

GLIIHUHQWSRSXODWLRQV%DT¶D ILHOGSRSXODWLRQ'HLUAlla field population and the Syrian population were
769.7 fold, 2133 fold, 260 fold respectively.Ochiai et
al. [14] studied the toxicity of the etoxazole and other
pesticides against adult, larva and egg stages of T.
urticae. , etoxazole showed no activity against adults
of T. urticae. However, etoxazole was with high relative efficiency in controlling the larval and egg
stages of T. urticae mite strain. Etoxazole is effective
on eggs, larva and nymphs stage of mite, but lacked
any efficacy against male and female. However, it
has sterilization effects on the adult females by
showing significant transovarial ovicidal activity.
Therefore, when application of the etoxazole at recommended field rate, newly laid eggs from treated
females do not hatch [13, 16] .Therefore, when application of the etoxazole at recommended field rate,
newly laid eggs from treated females do not hatch
[16].
Depending on the recommended application
rate for each pesticide and the pesticide toxicity
value, spiromesifen should be with the least relative
efficiency pesticide in this study, this result was observed in the Syrian sensitive population of TSSM,
but in the other local population, hexythiazox has
lower relative efficiency than the Spiromesifen, Although the recommended field rate of Spiromesifen
was higher by 179.5 times the recommended field
rate of hexythiazox. This was due to the random use
of the pesticides, which led to pesticide resistance
appearance in the TSSM population and consequent
reduction of the relative efficiencyof the pesticide.
Genetic analysis of the different strains of two spotted spider mite Tetranychusurticae Koch indicated
that hexythiazox resistance in that strain was not sex

RESULTS AND DISCUSSION
Ovicidal activity and the semantics of LC50
values.The ovicidal activity of selected acaricide
molecules was studied by observing the hatchability
of treated eggs up to 120 h (till all the eggs in water
sprayed control hatched). Data in respect of relative
ovicidal activity of different acaricides determined
by the LC50 values are presented in Table 2.
Among the different acaricidal compounds
studied Etoxazole was more toxic to eggs (ovicidal)
with the lowest LC50 value. LC50 values of Etoxazole for three different populations of T. urticae on
bean ranged from 0.067-0.51 ppm compared to
LC50 value of 0.07-422 ppm for hexythiazox, which
indicated lowest toxicity of hexythiazox to spider
mite on bean. The descending order of ovicidal activity of different acaricides on three different population of Tetranychusurticaewas etoxazole which
ranged from (0.067-0.51 ppm)> abamectin ranged
from (1.30-4.9 ppm)>clofentezine ranged from
(13.9-34.8 ppm)>spiromesifen ranged from (18.37335 ppm)>hexythiazox ranged from(0.07-422 ppm).
It is clear from the previous results that there was a
correlation between the values of LC50 and recommended field rate of the manufacturer.The low recommended field rate of any pesticide means a reduction of the LC50value for this pesticide with some
exceptions related to the specialtyof the pesticide and
its efficiency.
Table (3) shows that the etoxazolepesticide was
the most effective ovicide tested on the egg stage in
all studied populations of the two spotted spider mite
compared with the other pesticides. The Relative efficiency values of the etoxazole for the three
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efficiency of abamectin compared with hexythiazoxin the Syrian population of two spotted spider
mite was higher. Thecalculatedrelative efficiencyof
a abamectin compared with spiromesifen pesticides
showed that the toxicity of a abamectin was higher
than the toxicity of spiromesifenin the Syrian population of two spotted spider mite, and showed also
thatthe toxicity of a clofentezines higher than the toxicity of spiromesifen in the Syrian population of two
spotted spider mite. Control of T. urticae populations
in field crops, and particularly in protected crops, relies on the use of acaricides. Some contact acaricides
can be used for the control of red spider mite and reduce their reproduction. The relative potency of
these components in controlling spider mites depends on strain of the mite and the covering of the
plant. In the second generation resistance strain was
developed [5, 21] Monitoring of local populations
for susceptibility towards acaricides is the first step
in resistance management of T. urticae. It is essential
to carry out acaricide resistance tests regularly to
avoid resistance development in target mites. In addition, control tactics must depend on the use of different acaricides to avoid or delay resistance [21,
22]. Toxicity of spiromesifen in the Jordanian field
populations of T. urticae indicated that there was
moderate resistance to spiromesifen depending on
mode of action.
In general, the relative potency of the tested
pesticides was calculated on the basis of comparison
of these pesticides with the less efficient (less toxic)
pesticide for each stage of two spotted spider mite.
Table ( 3 ) reflects this efficiency. Pesticide toxicity
can also be accessed through a calculation toxicity
index compared to the most toxic pesticide (less
LC50 value) (Table 3).
When comparing the pesticides in equal recommended field rate it was found that; etoxazole had
proved to be with highest toxicity up to 100% to egg
stage for the three different population of T. urticae
compared to clofentezineand hexythiazoxovicides.
Hexythiazox wa sproved to be with hightoxicity

linked and has a dominance factor of 0.152 (incomplete dominance). Hexythiazox resistance appears to
be controlled by a single gene. A major problem with
chemical control of TSM and other tetranychid mites
is the continued development of resistance to a wide
range of chemical groups. This had necessitated the
development of further chemical groups with novel
modes of action [6, 17]. Senapati et al. [19] reported
that ovicidal effect gave best control of yellow mite
up to 14days in Chilli. The effect acaricide, hexythiazox though initially recorded higher mortality on
first season but gradually the efficacy declined and
reached to hexythiazox 70.55% mortality compared
to spiromesifen. The novel acaricide, spiromesifen(a
tetronic acid derivative) with new biochemical mode
of action caused more than 90% mortality throughout the observation period.Spiromesifen acts as inhibitor of acetyl-CoA-carboxylase, a key enzyme in
fatty acid biosynthesis. It is highly toxic to eggs and
immature stages of spider mite, while it acts more
slowly against adult females, causing reduction in
fertility and fecundity [10, 19]. In baseline susceptibility studies conducted by Nauen et al. [12], spiromesifen did not have a marked effect against T. urticae adult females, but was highly toxicagainst eggs
of the mite Nauen et al. [12]. Sato et al.[17] observed
that among the different developmental stages studied, the egg stage of T. urticae was found to be the
most sensitive to spiromesifen. In the present
study,spiromesifen is the second low-impact pesticides on the two spotted spider mite egg stag, Relative toxicity of eleven commercially available new
acaricides was tested against two spotted spider mite,
Tetranychu surticae (Koch) under laboratory condition. Abamectin was found to have the highest ovicidal action with the lowest LC50 value of 2.63 ppm.
Having growth regulating activity among the lowest
ovicidal activity determined for spiromesifen with
highest LC50 values of 234.59 ppm [8, 20].The toxicity of abamectin was higher than the toxicity of
hexythiazox in the two local populationsof thetwo
spotted spider mite. Through the calculated relative

TABLE 3
Relative potency (folds) and toxicity index (%) of five tested acaricides on the egg stage of three populations of T. urticae under laboratory conditions.
Populations

Baq'a Population
Deir-Alla Population
Syrian Population
Relative poRelative poToxicity inToxicity in- Relative potency Toxicity
index
Pesticides
tency
tency
dex (%)**
dex (%)****
(Fold)*****
(%)******
(Fold)*
(Fold)***
Clofentazen
11.14
1.44
11.6
0.54
1.26
0.48
Etexazol
769.7
100
2133
100
260
100
Hexythiazox
1
0.129
1
0.04
208
80
Spiromisfin
1.15
0.15
1.13
0.05
1
0.38
Abamactin
59.1
7.6
57.1
3.5
15.2
5.75
*= 7KH/&YDOXHRIWKHOHDVWHIIHFWLYHSHVWLFLGHVIRUWKH%DT¶DSRSXODWLRQ»/&YDOXHRIRWKHUSHVWLFLGHIRUWKH%DT¶DILHOGpopulation.
** = (The LC50 value of the most effective pesticide for WKH%DT¶DSRSXODWLRQ»/&YDOXHRIRWKHUSHVWLFLGHIRUWKH%DT¶DILHOGSRSXODWLRQ 
×100
***= The LC50value of the least effective pesticides for the Deir-$OODSRSXODWLRQ»/&YDOXHRIRWKHUSHVWLFLGHIRUWKH'HLU-Alla population
**** = (The LC50 value of the most effective pesticide for the Deir-Alla Population »/&YDOXHRIRWKHUSHVWLFLGHIRUWhe Deir-Alla Population
) ×100
7KH/&YDOXHRIWKHOHDVWHIIHFWLYHSHVWLFLGHVIRUWKH6\ULDQ3RSXODWLRQ»/&YDOXHRIRWKHUSHVWLFLGHIRUWKH6\ULan Population
****** = (The LC50 value of the most effective pHVWLFLGHIRUWKH6\ULDQ3RSXODWLRQ»/&YDOXHRIRWKHUSHVWLFLGHIRUWKH6\ULDQ3RSXODWLRQ 
×100
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lower application dosage etc., and relative toxicity
studies will give the basic dosage value for fixing up
of field doses for better management of T. urticae.
Etoxazole is an effective acaricide. On the basis of
bioactive results, etoxazole was an excellent formulation applied in vegetable fields. Furthermore, etoxazole combined with other acaricides in vegetables
can be used to achieve integrated pest management.
Consequently, etoxazole is a suitable bioregional alternative to traditional, highly toxic pesticide, with
important significance to vegetable crop protection
from insects and mite.

on the egg stage of two spotted spider mite ofSyrian
population while its toxicity was almost non-exist on
the egg stage of two spotted spider mite of local populations. The efficacy of pesticides can be influenced
by a variety of factors. These can be separated into
biological, environmental and operational factors
[22, 23]. These factors will be discussed as they affect ovicidal control of tetranychid mite eggs, particularly those of TSM. The toxicity of several ovicides
has been shown to be affected by egg age. Welty et
al. [22]found that susceptibility of European red mite
(Panonychusulmi) eggs treated with hexythiazox decreased with age. Staal et al. [20] found that the susceptibility of TSM eggs treated with ovicides did not
change significantly with age. However, a study by
Asano and Kamei [3] using different ovicidal treated
eggs of the Kanzawa spider mite (Terranychus kallzowai) showed a decrease in susceptibility with age.
Aveyard et.,al.[4] reported a decrease in susceptibility of TSM eggs treated with clofentezine with
age.Welty et. al. [22)] found that susceptibility of
European red mite eggs treated with hexythiazox decreased with age.Neal et al. [13] investigated the effect of clofentezine formulation on toxicity to TSM
eggs. Two WP formulations (mass mean particle diameter 3.0 ~m) and a soluble concentrate (SC) formulation (mass meanparticle diameter 1.9 ~m) were
used. The SC formulation, with the smaller particle
size, was significantly more toxic than the two WP
formulations, which were of equal toxicity.
Yongqiang et al.[23] evaluated two ovicidal acaricides in the laboratory for their relative toxicity to
Acarus pests, and showed that clofentezine and hexythiazox caused low mortality of adult females as
well as their larvae and eggs. Etoxazole, was assayed
for its bioactivities against Tetatetranychusspp. pests
and compared to severalother pesticides: hexythiazox; and clofentezine. The LC50of etoxazole was
calculated using probit analysis of the concentrationdependent mortality data against susceptible and resistant strains of Tetatetranychus .Spp.the resistant
strains were found to be resistant against all tested
pesticides (hexythiazox; clofentazine) except etoxazole. The toxicity of etoxazole against Tetatetranychus spp. egg stage was greater than the
toxicities of hexythiazox and clofentezine. The bioactivity of etoxazole was many times higher than that
of the other tested insecticides and acaricides widely
used in vegetable crops. Depending onour research,
etoxazole can be expected to be extensively used on
vegetable crops.
In conclusion, control of Tetranychusurticae on
vegetable crop has been proved to be difficult due to
its fast developmental rate, high reproductive potential, and also might be due to development of resistance to major groups of acaricides.
Hence,theevaluation ofnewer chemicals with different mode of action and susceptibity of pest stages
help to manage this mite pest from the point of view
of their eco-friendly features like lower persistence,
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nanoparticles by various means, including physical,
chemical and biological methods. These methods
have many disadvantages due to the difficulty of
scale up of the process, separation and purification
of nanoparticles from the micro- emulsion (oil, surfactant, co-surfactant and aqueous phase), and consuming huge amount of surfactant [2]. Green methods for synthesizing nanoparticles with plant extracts are advantageous as it is simple, convenient,
environment friendly, and requires less reaction
time. Nanomaterials prepared by eco-friendly and
green methods may increase agriculture potential for
improving the fertilization process, plant growth,
pesticides [3], delivery of active component to the
desired target sites, treatment of wastewater and also
enhancing the absorption of nutrients in plant [4]. In
addition, minimize the amount of harmful chemicals
that pollutes the environment. Hence, this technology helps in reducing the environmental pollutants
[5]. Nanotechnology has recently gained attention
due to wide applications in different fields such as in
medicine, environment and agriculture [6]. Particularly, the large surface area offered by the tiny nanoparticles which have high surface area, makes them
attractive to address challenges not met by physical,
chemical pesticides and biological control methods.
The green peach aphid (GPA),Myzus persicae
(Sulzer) (Homoptera: Aphididae) is considered as a
key pest on peach and globally important pest of a
broad range of arable and horticultural crops, including Jordan [7, 24]. This aphid is able to transmit
more than 100 plant viruses [8]. This global pests responsible of several important economic losses [8, 9,
10, 24] on more than 50 plant families [11, 10] causing losses to agro-industrial crops, including potato,
sugar beet and tobacco, stone fruits including, peach,
apricot and cherry. The pest is presently categorized
as of the most important agricultural pest in the
world. This devastated pest combats organophosphorus and carbamate insecticides by overproducing
insecticide-degrading carboxyl esterases, encoded
by amplified genes [12, 13].
Insecticide resistance is one of the best examples of evolution occurring on an ecological time

ABSTRACT
The synthesis of nanomaterials of copper oxide
(CuO), zinc oxide (ZnO), magnesium hydroxide
(MgOH) and magnesium oxide (MgO) is considered
to be a successful way of synthesis by using aqueous
extracts of Punicagrantum peels, Olea europea
leaves and Chamaemelumnobile flowers from copper sulfate, zinc sulfate and magnesium sulfate. The
synthesized nanoparticles were characterized by
UV-visible spectroscopy (UV-vis), scanning electron microscopy (SEM), energy dispersive X-ray
spectroscopy (EDS), transmission electron microscopy (TEM) and fourier transform infrared spectroscopy (FT-IR). SEM and TEM analysis showed that
the particles were spherical and the size of the particles ranged from 5 nm to 80 nm. The screening of
synthesized bio-nanoparticles revealed that these nanoparticles were effective in increasing the mortality
percent of green peach aphid,Myzu spersicae Sulzer
(Homoptera :Aphididae).
From this study, it is concluded that the biosynthesized metal oxide nanoparticles had controlled
thegreen peach aphid. Magnesium hydroxide bionanoparticles synthesized were the best control to
M.persicae compared to other synthetic nanoparticles. Hence, it might be the best against M. persicae
environmentally.

KEYWORDS:
Green synthesis, Nanoparticles, Green peach aphid, Mortality, LC50 and LC90.

INTRODUCTION
Nanotechnology has gained intense attention in
the recent years due to its wide application in diverse
areas like medicine, catalysis, energy and materials.
Particularly, nanoparticles with small size to large
surface area (1-100 nm) have potential medical, industrial and agricultural applications [1]. Researchers made significant efforts towards the synthesis of
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scale [14]. The study of insecticide resistance is important, both because it leads to a better understanding of evolutionary mechanisms operating in real
time, and because of its economic relevance. The development of insecticide resistance in pest insects
has been an increasing problem for agriculture, forestry and public health [15]. Agricultural practices
usually include the systematic application of a wide
array of active compounds at variable dosages and
frequencies, which represent a wide range of selective regimes.
Aphids are widely distributed as herbivorous
insects accounting for more than 4,300 described
species [9, 16]. Approximately 100 aphid species
have successfully exploited agro-ecosystems to become economically important pests, of whom about
20 have developed at least one known insecticide resistance mechanism [17, 18]. Moreover control of
such a pest is becoming increasingly difficult, because the overproduction of resistance for aphid individuals when using chemical linsecticides such as
carbamates, organophosphates, and the synthesized
pyrethroids. Intensive uses of insecticides lead to environmental pollution, toxic to non-target organisms
and residues in fruits. Plant products, no doubt, successfully tested for various biological control activities of different insect pests such as GPA [19,20]and
peach trunk aphid [21]. However, availability and
development of bio-pesticides research are so far
limited in Jordan It's important to study the effect of
different concentrations of synthesized nanoparticles
on GPA.
The green peach aphid (GPA), Myzus persicaeSulzar (Homoptera: Aphididae) is an important insect pest on many crops around the world [22], including Jordan [7]. It causes economic damage to
crops and transmits viral diseases[23]. Recent studies showed that GPA plays a critical role in transmitting viral diseases of some vegetables and fruit trees
in Jordan. In particular, it was shown that GPA is related to dramatic changes in strain diversity that is
likely related to increase prevalence and viral load,
and thus, it induces considerable costs to global horticulture [22].
This aphid is a polyphagous insect, infesting
many plants particularly members of Cucurbitaceae,
Crucifereae, Malvaceae and Solanaceae such as
green sweet pepper plants (Capsicum annuum), and
other cultivated orchard and crop plants, ornamentals and weeds.and Peaches its primary host for sexual reproduction [24].
The GPA is difficult to kill with contact insecticides because they are often under or within leaves
or within hidden and shelter growth. Moreover, conventional methods for controlling GPA such as physical, chemical and biological methods have different
disadvantages that include incomplete killing of
aphids and toxicity impacts on the environment and
resistance of the aphid to insecticide [7].
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Organophosphates, carbamates, and the synthesized pyrethroids were used to control the pest,
but resistance to these chemicals is increasing. In addition, insecticide use is often disruptive to natural
enemies, leading to high aphid populations. Soil and
foliar applications of carbamates controlled the pest
in Jordan that affecting the prevailing predators, and
a neonicotinoid controlled it on pepper [24].It is the
aim of this study to screen four synthesized bio-nanoparticles to reveal their effectiveness in increasing
the mortality percent of green peach aphid,Myzus
persicae.

MATERIALS AND METHODS
Chemicals. Copper acetate monohydrate
Cu(CH3COO)2.H2O, Zinc acetate dihydrate
Zn(C4H6O2)2.H2O,anhydrous magnesium sulfate
(MgSO4) are analytical grade purchased from
Merck, Darmstadt, Germany and used without further purification.
Plant materials.Punica granatum peels, Olea
europaea leaves, Chamaemel umnobileflowers,Citrus limon, Albiziajul ibrissin, and Acacia sp. were
collected from different places in Jordan. Deionized
distilled water was used in all experimental work.
Citrus limon, Albiziajul ibrissin, and Acacia sp. did
not work as reducing or stabilizing agent for synthesis of NPs.
Rearing of the aphid.M. persicae adults were
reared in the laboratory at 22±2°C. The aphid was
identified and established by Prof. Tawfiq Al-Antary. A colony of the green peach aphid (GPA)was
established in Department of Plant Protection at the
Faculty of Agriculture, The University of Jordan. M.
persicae were kept in hardened transparent plastic
cages of 60×40 ×45 cm in dimensions with four
doors, in which each side of door was with length
20x30 cm and fine mesh doors. Plants of sweet pepper were provided as needed. Sweet green pepper
seeds (Sonar cultivar,Mekdadi company), (99
seeds/tray) were planted in the tray containing commercial potting soil Peat moss. After growing for 14
days under greenhouse conditions, seedlings in the
primary leaf stage (until reached 10 ± 15 cm in
length), were individually transplanted into a plastic
pot (15 cm diameter), containing mixture of 1/3 soil,
1/3 sand and 1/3 Peat moss. These mixtures were
placed in oven at 70ºC for 4 hrs to sterilize them.
Plants were kept in a greenhouse at 22±4°C. These
plants were regularly irrigated when needed, about
three times a week.
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8000 (μg/ml) concentration. It was 86% after 24
hrs, and then reached 83%, 98% after 48 and 72 hrs,
respectively (Table 1).
Other workers [25] had done similar research
to the present study. However, when they compared
between imidacloprid and Ag-Zn nanoparticles, the
LC50ratio (0.0002) with their lower and upper 95%
confidence limits (0.00-0.09) showed that there was
significant difference between the LC50 value for imidacloprid (0.13 mg mL-1) and Ag-Zn nanoparticles
(539.46 mg mL-1). In addition, the LC50 value comparison using the LC50 ratio (0.78) and their lower
and upper 95% confidence limits (0.002-298.28)
showed that there was no significant difference between LC50 value for Ag nanoparticles (424.67 mg
mL-1). This value for Ag-Zn nanoparticles was
539.46 mg ml-1.

Bioassay test in the laboratory. In order to
measure the toxicity of NPs against GPA, sweet pepper leaves with GPA were placed in Petri dishes.
Wetted filter papers with deionized distilled water
were placed in the Petri dishes. Each compound was
diluted with deionized distilled water. There were
five concentrations for each NPs used. Each treatment was replicated five times. In addition, each
concentration (five replicates) in each treatment was
separately tested against GPA. Each replicate had
from 20 to 25 aphids. Mortalities % was calculated
after exposure of different concentrations for a period of 24, 48, and 72 h. A Petri dishes provided with
deionized distilled water was served as a negative
control, and Dursban insecticide from organophosphates at the recommended rate of the application
(45 cm3/ 20 L of water) as a positive control. To find
the lowest concentration which gave around 30%
mortality and the highest concentration that gave
around 95% mortality.Several screening tests were
carried out. The concentrations were 250, 1000,
2000, 4000 and 8000 μg/ml for all NPs. The LC 50
and LC90 for each NPs were calculated.Slope and
confidence of limits were also reported.

Comparison between effects of four nanoparticles on the green peach aphid. The lethal concentrations for LC50s and LC90s of the GPA population, were determined as shown in Tables (2 to 7) to
four different NPs: CuONPs, ZnONPs,MgOHNPs
and MgONPs; each with five different concentrations: 8000, 4000, 2000, 1000 and 250 μg/ml after
24, 48 and 72 hrs. The percentage mortalities in early
nymphal (1st and 2nd) instars and late (3rd and 4th) of
M. persicae are found in these tables after different
times (24, 48 and 72 hours). Nanoparticles with
small size to large surface area (1-100 nm) have potential medical, industrial and agricultural applications [1].

Statistical analysis. Data of bioassay assessment in the laboratory were analyzed using Statistical Analysis Software (SAS, 2014) for LC50, LC90,
and finding differences between means. Mortality
correction was done using Handerson-Tilton's Formula for non-uniform population. The design of the
glasshouse experiments was CRD. The obtained data
in the glasshouse was analyzed using one way analysis of variance (ANOVA). Separation of means was
achieved by using LSD tests at 5% level of probability.

Lethal concentrations of nanoparticles. Lethal concentrations of 50% (LC50) of aphid population of NPs on early nymphal instars of the GPA
were the highest significantly with ZnONPscompared with the other NPs (CuONPs and MgOHNPs)
which did not differ significantly (Table 2). The
LC90 was significantly the highest in case of
MgONPs, while it was the lowest in CuONPs and
MgOHNPs (Table 2). However, nanotechnology has
recently gained attention due to wide applications in
different fields such as in medicine, environment and
agriculture [6].

RESULTS AND DISCUSSION
Comparison between effects of four nanoparticles on the green peach aphid at concentration of 8000 μg/ml. The highest mortality % in
MgONPs of 3rd and 4th (late nymphal instars) was at

TABLE 1
Means of mortality percent (%) of early and late nymphal instars at a concentration of 8000 μg/ml of
different nanomaterials after 24, 48 and 72 hrs at room conditions for three periods.
Treatment
CuONPs
ZnONPs
MgHNPs
MgONPs

24h
Early nymLate nymphal
phal instars
instars
86a±1.0
86 a±1.0
76c±1.0
74 b±1.0
82b±1.0
50 c±1.0
a
86 ±1.0
86 a±1.0

Mortality %
48h
Early nymphal
Late nyminstars
phal instars
87 b±3.0
83 a±4.0
b
90 ±3.0
65 b±4.0
100 a±0.0
87 a±4.0
b
88 ±3.0
83 a ±4.0

72h
Early nymphal instars
100 a±0.0
100 a±0.0
100 a±0.0
100 a±0.0

Late nymphal instars
96 b ±2.0
100 a±0.0
94 b±2.0
98 a±2.0

*Means within the same column sharing the same letter do not differ significantly at 5% level using Fisher's Protected LSD test.
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TABLE2
Mortality means for the different tested nanomaterials on early nymphal instars of M. persicae after
24 hours treatment.
Nanomaterials

Slope

CuONPs
ZnONPs
MgHNPs
MgONPs

2.7
1.24
2.73
0.54

LC50*
(PPM)
0.15a
0.42b
0.15a
1.24c

LC90**
(PPM)
0.89a
2.11b
0.89a
2.82c

95%CL***
0.03 ±0.24
0.04 ± 0.51
0.03 ± 0.24
0.06 ± 2.01

Chi-Square

Pr> Chi-Square

33.31
3.76
50.03
0.98

<.0001
0.050
.0001
0.320

*LC50 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
**LC90 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
***CL confidence limits

TABLE3
Mortality data for the different nanomaterials on late nymphal instars of M. persicae after 24 hours treatment.
Nanomaterials

Slope

CuONPs
ZnONPs
MgHNPs
MgONPs

5.15
1.67
0.41
2.29

LC50*
(PPM)
0.29a
0.58ab
0.95c
0.19a

95%CL***
0.17-0.45
0.36-1.83
0.39± 1.84
0.04-0.35

LC90**
(PPM)
0.71
1.89
6.25
1.15

ChiSquare
16.28
7.62
0.73
13.34

Pr> Chi-Square
<.0001
0.0058
0.3900
0.0003

*LC50 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
**LC90 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
***CL confidence limits

TABLE 4
Mortality data for the different nanomaterials on early nymphal instars of M. persicae after 48 hours
treatment.
Nanomaterials

Slope

CuONPs
ZnONPs
MgHNPs
MgONPs

3.19
1.39
0.00
2.85

LC50*
(PPM)
0.02a
0.53b
0.53b
0.02a

95%CL***
0.18 - 0.49
0.21 - 0.96
0.20 - 0.97
0.14 - 0.65

LC90*
(PPM)
0.71a
1.05b
1.05b
0.75a

ChiSquare
10.160
0.950
0.0001
9.680

Pr> Chi-Square
0.0014

 0.33

0.0001
0.0019

*LC50 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
**LC90 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
***CL confidence limits.

the greatest in toxicity on the GPA when compared
to the NPs after 48 hrs of treatment.Ghidan et al [3]
found that copper oxide nanoparticles showed mortality of the green peach aphid 1st, 2nd, 3rd and 4th
nymphal instars by 86% compared with control.
The highest toxicity of the tested nanoparticles
against late nymphal instar of GPA was for MgHNPs
(Table 5). The LC50 was 0.013. The lowest toxicity
was significantly appeared in case of ZnONPs (Table15); the LC50 and LC90 were 0.52 and2.56 ppm,
respectively. The LC90 of MgOHNPs (0.09 ppm)
was significantly the lowest compared to the other
NPs (Table5). This indicated that MgHNPs was the
greatest in toxicity on the GPA when compared to
the other NPs after 48 hours of treatment.Ghidan et
al. [26] determined the mortality efficacy of different
concentrations of the synthesized MgHNPs against
early and late nymphal instars of the green peach
aphid. They found that there were significant differences in the aphid mortalities between the different
concentrations of the MgHNPs nanoparticles. In addition, the differences between the different concentrations and the control were significantly obvious.

The highest toxicity of the tested nanoparticles
against late nymphal instar of GPA was for MgONPs
(Table 3). The LC50 was 0.19 the highest toxicity was
significantly appeared in case of MgONPs and
CuONPs (Table 3); the LC50 and LC90 were 0.19
and1.15, respectively. The LC90 of MgONPs (0.71)
was significantly the highest compared to the other
NPs (Table 3). This indicated that CuONPs and
MgONPs were the greatest in toxicity on the GPA
when compared to the MgOHNPs after 24 hrs of
treatment. However, nanotechnology has gained intense attention in the recent years due to its wide application in diverse areas like medicine, catalysis,
energy, agriculture and materials [1].
The highest toxicity of the tested nanoparticles
against early nymphal instar of GPA was for
MgONPs and CuONPs (the LC50 was
0.021)CuONPs (0.021) (Table 4). The lowest toxicity was significantly appeared in case of ZnONPs
and MgONPs (Table 4); the LC50 was 0.53. The
LC90 of MgOHNPs and ZnNPs (1.05) were significantly the highest compared to the other NPs (Table
4). This indicated that CuONPs and MgHNPs were
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TABLE 5
Mortality values for the different tested nanomaterials on late nymphal instars of M. persicae after
48 hours treatment.
Nanomaterials

Slope

CuONPs
ZnONPs
MgHNPs
MgONPs

5.25
0.71
28.34
3.07

LC50*
(PPM)
0.23a
0.52b
0.013a
0.12a

95%CL***
0.14-0.34
0.21-0.81
0.01-0.06
0.056-0.89

LC90*
(PPM)
0.65b
2.56d
0.09a
0.83c

Chi-Square
21.45
0.82
24.16
9.45

Pr> ChiSquare
<.0001
0.3600
<.0001
0.0021

*LC50 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
**LC90 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
***CL confidence limits

TABLE 6
Mortality data for the different nanomaterials on early nymphal instars of M. persicae after 72 hours
treatment.
Nanomaterials

Slope

CuONPs
ZnONPs
MgHNPs
MgONPs

11.87
4.92
17.60
32.05

LC50*
(PPM)
0.28d
0.16c
0.09b
0.018a

95%CL ***
0.09 - 0.71
0.08 - 0.61
0.07 - 0.52
0.001- 0.03

LC90*
(PPM)
0.28c
0.61d
0.04b
0.02a

ChiSquare
1.85
4.01
3.96
0.00

Pr> ChiSquare
0.17
0.05
0.05
0.91

*LC50 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
**LC90 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
***CL confidence limits

TABLE7
Mortality data for the different nanomaterials on late nymphal instars of M. persicae after 72 hours treatment.
Nanomaterials

Slope

LC50*

95%CL***

LC90**

CuONPs
ZnONPs
MgHNPs
MgONPs

5.26
8.16
0.20
0.29

0.23a
0.05a
8.61c
5.68b

0.14-0.34
0.14-0.48
0.31-1.20
0.22-0.98

0.65b
0.32a
2.20d
1.92c

ChiSquare
21.45
5.76
0.03
0.08

Pr> ChiSquare
<.0001
0.0200
0.8700
0.7800

*LC50 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
**LC90 values sharing the same letters do not differ significantly (95% of CL are not overlapping).
***CL confidence limits

The highest toxicity of the tested nanoparticles
against early nymphal instar of GPA was for
MgONPs (Table 6). The LC50 was 0.018. The lowest
toxicity was significantly appeared in case of
CuONPs (Table 6); the LC50 and LC90 were (0.28,
0.61). The LC90 of MgONPs (0.02) was significantly
the lowest compared to the other NPs (Table 6). This
indicated that MgONPs the greatest in toxicity on the
GPA when compared to the MgONPs after 72 hrs of
treatment.Ghidan et al. [26] found that there were
significant differences in the aphid mortalities between the different concentrations of the MgHNPs
nanoparticles. They added that the differences between the different concentrations and the control
were significant.
The highest toxicity of the tested nanoparticles
against late nymphal instar of GPA was for ZnOH
(Table 7). The LC50 was 0.05. The lowest toxicity
was significantly appeared in case of MgHNPs (Table 7); the LC50 and LC90 were 8.6 and2.2 ppm, respectively. The LC90 of ZnONPs (0.032) was significantly the lowest compared to the other NPs (Table
7). This indicated that MgONPs was the greatest in
toxicity on the GPA when compared to the MgONPs
after 72 hrs of treatment. Ghidan et al. [27] found

that the highest mortality percent (%) of 1st and 2nd
nymphal instars of the green peach aphid was at
8000 (μg/ml) concentration of MgONPs.
In general, the potential aphicidal action of nanoparticles on insects might be firstly due to the
proteins precipitation after adsorption through insect
cuticle, secondly the replacement of NPs in Calvin
cycle which causes breakdown of ATP which is very
important source of energy, thirdly DNA decomposition of the insect and finally conjugation to bimolecular (DNA, Protein, etc.) by carboamide activation of the carboxylic acid group, formatting of the
more stable succinimide ester (this is the form of
commercial dyes often come in),or reacting with primary amine from modified DNA which forms the
stable amide bond leading to the precipitation of
these nuclear acids in the insects. However, Foliar
spray by synthesized nanoparticles for green pepper
leaves revealed that the foliar spraying leaves with
100-800 ppm metal nanoparticles were very beneficial to plant growth, produced healthy plants with
greener leaves (high chlorophyll contents) and high
fruit quality compared to the control.
In conclusions, the present results indicated
that CuONPs green synthesis of copper oxide
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Since the tested nanomaterials are safer and more
economic products than synthetic insecticide, they
might be used as a good tool in integrated pest managements (IPM) and organic farming. More studies
on these obtained positive results on the green peach
aphid in the open field are needed to be used as an
alternative for synthetic insecticides. Moreover, effect on NPs on the biological aspects (longevity, fecundity and fertility) of the green peach aphid is
needed, as well as in case of aphid adults. Further
studies are needed on the effect of NPs on the physiological properties on green pepper plant such as
Reactive Oxygen species (ROS), enzymatic and
non- enzymatic activity. As well as on the effect of
NPs on the gene expression chromosomal deformity
to determine the way of mortalities on GPA.Further
studies are needed on the effect of nanomaterials on
seed germination.
Further research is needed to explore the possible biomolecule responsible for the bio reduction
process of the carbonyl group of amino acid residues
which has a strong binding ability with copper oxide,
suggesting the formation of a layer covering copper
oxide nanoparticles and acting as a capping agent to
prevent agglomeration and provide stability to the
medium.The use of magnesium hydroxide
MgOHNPs, magnesium oxide MgONP, copper oxide Nano particles CuONPs and Zinc Oxide Nano
Particles ZnONPs might be considered valuable tool
in pest management programs of the GPA.

nanoparticles CuONPs is an eco-friendly to environment compared to chemical methods. Punicagranatum peels extract was found suitable for the green
synthesis of CuONPs. Using XRD, FT-IR spectroscopy, UV±vis spectroscopy and SEM study confirmed the formation of NMs.The carbonyl group of
amino acid residues of plant extract has a strong
binding ability with the NMs. The activity of biologically synthesized NMs was found effective when
evaluated against the GPA.
A first report of an eco-friendly and simple
method for the synthesis of ZnONPs using Punicagranatum peel extract was reported. FT-IR analysis
of aqueous Punica granatum peel indicated the presence of phyto-constituents such as amines, aldehydes, phenols, and alcohols which were the surface
active molecules and stabilized the ZnONPs. FT-IR
and XRD results confirmed the purity of the synthesized ZnONPs. Green synthesized ZnONPs was
found to be effective when evaluated against the
GPA. Green synthesized ZnONPs were found to be
effective significantly against Gram positive Staphylococcus aureus and Gram negative Escherichia
coli.
A new and green route has been developed for
the synthesis of magnesium hydroxide nanoparticles
in one-pot reaction process at ambient temperature.
The synthesis approach employed an environmental
friendly biomaterial O. europaea leaves extract,
which acted as dispersing agent and prevented the
agglomeration of MgOHNPs during synthesis.XRD
and SEM values showed that the size and shape of
the MgOHNPs could be controlled by the amount of
O. europaea leaf extract and the concentration of Mg
(II) ions. The activity of biologically synthesized
MgOHNPs and MgONPs at different concentrations
showed significant effect against GPA. There were
significant differences in the aphid mortalities between the different concentrations of the four tested
nanoparticles, and also with the control, in laboratory studies as well as in glasshouse.
NPs showed potential aphicidal activities
against the GPA, which recorded the lowest LC50
and LC90. The negative control had the lowest effect
compared to the other NPs after one and two weeks
of the treatment. The LC50 lethal concentration of
8000 μg/ml NPS on early nymphal instars of the M.
persicae were the greatest compared to the other
concentrations. The highest toxicity of the tested nanoparticles against late nymphal instar of GPA was
the MgOH. The LC50 was 0.95 ppm. The lowest toxicity was significantly appeared in case of MgONPs
after 24 hours of the treatment. The LC90 of
MgOHNPs (6.25 ppm) was significantly the highest
compared to the other NPs; which indicated that
CuONPs and MgHNPs had the greatest toxicity on
the green peach aphid when compared to MgONPs
after 24 hours of treatment.
As observed on the results of the present study,
the following recommendations could be suggested.
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health breeding technology has obvious benefits to
ecological animal husbandry. Finally, it is carried
out prospects of key scientific and technological issues for artificial grassland construction with high
yield, high quality and resistance, the production
mode of shrub-grassland, updating of grassland resources database and improving of monitoring standards, the high-efficiency degradation technology of
lignin, the health breeding mode of cattle and sheep
with regional characteristics, the genetic inheritance
of cattle and sheep with local characteristics and excavation of breeding potential, the regulation of protein and energy balance, coupling of agriculture and
animal husbandry and harmless disposal of livestock
wastes.

ABSTRACT
The project of grassland and animal husbandry
is an important engineering measure to control karst
rocky desertification and it is an effective way to restore ecological and economic development. This
paper systematically reviews the research progress
of grassland establishment and ecological animal
husbandry in the karst area at home and abroad in
recent 50 years. Firstly, through the analysis of the
existing types of distribution field, distribution time,
distribution institute and distribution country for the
literature at home and abroad, according to development background of the karst rocky desertification,
the grassland establishment in the karst rocky desertification area is divided into the initial development
period (1969 - 2002), the rapid development period
(2003 - 2008)and the research hotspot period (2009
- present); the development of ecological animal
husbandry in the karst rocky desertification area is
divided into the starting period (1982-2004), indepth study period (2005 - present). And then making a summary for the symbolic results: 1)basic theory: it has condition to develop artificial grass and
ecological animal husbandry and it has been basically illuminated the outline of grassland establishment in the karst area of southwest China; 2)technology research and development: the technology of
grassland establishment, supplementary feeding,
lick block and other technologies have constantly
improved; 3)mode construction: it has risen the combination mode of planting and breeding of mimic
breeding, semi-feeding and semi-grazing, coupling
of crop and grass and coupling of forest and grass for
ecological animal husbandry in the karst area; 4)experimental demonstration: the demonstration base,
health breeding technology and healthy farms of the
karst grassland and animal husbandry in Guizhou
which has significant effect to prevent and control
disease for ecological animal husbandry; 5)benefit
monitoring: the configuration structure of forestshrub-grass has better effect on microclimate, ecological diversity and soil environment, the monitor
and evaluation of grassland gradually systematize,

KEYWORDS:
Karst, rocky desertification, grassland establishment, ecological animal husbandry, research progress

INTRODUCTION
Karst accounts for 5% of the global land area
and it lives in 25% of WKHZRUOG¶VSRSXODWLRQ, the environment and sustainable development of karst
have a global strategic position. The south China
karst is one of the three major karst contiguous areas
in the world, the exposed area of karst is 550000
km2, of which rocky desertification area reaches
120000 km2 and the land area of rocky desertification accounts for 21.82% of the karst area. Rocky
desertification is a serious man-made disturbance to
the karst ecosystem [1], so that vegetation is damaged seriously, water and soil is eroded seriously,
land productivity is lost, the landscape appears similar to desert, it is the most serious ecological and geological disaster in the karst area of south China [2].
The karst area in south China is an important ethnic
minority area, it is lived in 48 ethnic minorities with
more than 12 million people, nearly 50% of the poor
population in the country are concentrated in this
area, which is the most concentrated area for the poor
population in China [3-5]. It has a common

7017

© by PSP

Volume 27 ± No. 10/2018 pages 7017-7030

Fresenius Environmental Bulletin

phenomenon that ³each place has not its own way to
support its own inhabitants´ in the karst mountainous areas [6], which is one of the most acute area of
³WKUHHUXUDO´ problems in China.
The dense root system of grassland under
ground has the ability to cover the surface quickly,
which can greatly reduce soil erosion. Moreover,
60%-RIWKHIDUPHUV¶LQFRPHLQWKLVDUHDFRPHV
from animal husbandry, it is an important source of
income for farmers [7]. The project of grassland and
animal husbandry is an important part for comprehensive project of rocky desertification, it is an important measure to solve the economic development
and ecological environment improvement in this region, so exploring the mode and technology of the
grassland establishment and ecological animal husbandry in the karst rocky desertification environment
is of great significance to promoting the ecological
reconstruction and economic development in the
karst rocky desertification area.

selection and identification of the retrieved papers, a
total of 210 Chinese articles are finally obtained. The
initial search of foreign literature is ³NDUVW´ or ³NDUVW
URFN\ GHVHUWLILFDWLRQ´, the advanced search of foreign literature is ³JUDVVODQGHVWDEOLVKPHQW´ or ³WDPH
JUDVVODQG´ or ³DUWLILFLDOJUDVVODQG´ or ³VRZLQJJUDVV
ODQG´ and other key words, a total of 104 foreign literatures are finally obtained.
The retrieve of Chinese literature for ecological
animal husbandry in karst rocky desertification area
is firstly search ³rocky desertification´ or ³karst´ or
³JUDVVODQGof southern China´DQGRWKHUUHODWHGUH
search topics or keywords respectively, and then
³HFRORJLFDO DQLPDO KXVEDQGU\´ for the second
search, through the manual selection and identification of the retrieved papers, a total of 332 Chinese
articles are finally obtained. the advanced search of
foreign literature is ³HFRORJLFDO DQLPDO KXVEDQGU\´
or ³HFRORJLFDO OLYHVWRFN KXVEDQGU\´ and other key
words, a total of 83 foreign literatures are finally obtained.

LITERATURE ACQUISITION
AND ARGUEMENTATION

Literature type. 210 Chinese literatures of
grassland establishment in the karst area include 158
journal articles, 3 DRFWRU¶s thesis, 12 MDVWHU¶VWKHVLV
8 national conference papers, 6 international conference papers, 9 important newspapers, 2 patents, 12
scientific and technological achievements. There are
1 related conference papers in the 104 foreign literatures. 332 Chinese literatures of ecological animal
husbandry in the karst area include 228 journal articles, 7 DRFWRU¶s thesis, 15 MDVWHU¶V WKHVLV 20 national conference papers, 6 international conference
papers, 45 important newspapers, 3 patents, 8 scientific and technological achievements. There are 21
related conference papers in the 83 foreign literatures (Fig.1).

The acquisition of Chinese literature is based
on China National Knowledge Infrastructure
(CNKI); the retrieve of foreign literature is based on
the foreign literature database, such as Springer
Link. The retrieve of Chinese literature for grassland
establishment in the karst rocky desertification area
is firstly search ³karst´ or ³rocky desertification´
and other related research topics or keywords respectively, DQGWKHQ³JUDVVODQG´ or ³DUWLILFLDOJUDVVODQG´
or ³JUDVVODQGof southern China´and other topics or
keywords for the second search. Through the manual

FIGURE 1
The Chinese literature of grassland establishment and ecological animal husbandry in the karst area
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FIGURE 2
Discipline classification of Chinese literature for grassland establishment and ecological animal
husbandry in the karst area

FIGURE 3
Comparison of distribution time of Chinese and foreign literatures for grassland establishment and
ecological animal husbandry in karst area

7019

© by PSP

Volume 27 ± No. 10/2018 pages 7017-7030

Fresenius Environmental Bulletin

Five-<HDU´VFLHQFHDQGWHFKQRORJ\SODQ, the study of
grassland establishment in the karst areas is developed rapidly, the literature achievements have become more prominent since our country carried out
the major project of rocky desertification. The domestic and international research on ecological animal husbandry in the karst areas also has the above
trend, which is gradually increasing after 2005 (Fig.
3).

Discipline classification of literature. Chinese literatures of grassland establishment in the
karst area involve animal husbandry and animal
medicine, crops and other 12 major aspects. In foreign literatures of grassland establishment in the
karst area, there are 86 articles in the life sciences
and 18 articles in the earth and environmental sciences. Chinese literatures of ecological animal husbandry in the karst area involve animal husbandry
and animal medicine, physical geography and surveying and mapping and other 14 major aspects (Fig.
2). In foreign literatures of ecological animal husbandry in the karst area, there are 31 articles in the
field of life science, 24 articles in animal husbandry,
17 articles in environmental science and 11 articles
in earth science.

Distribution institute of Chinese literature.
There are many distribution institutes of Chinese literature for grassland establishment in the karst areas,
16 institutes with 3 or more articles, Anhui Agricultural University and other 49 institutes publish less
than 2 articles. There are also many distribution institutes of Chinese literature for ecological animal
husbandry in the karst areas, 22 institutes with 3 or
more articles, Sichuan Grassland Work Station and
other 26 institutes publish less than 2 articles (Fig.
4).

Distribution time of literature. The research
on grassland establishment in the karst areas in foreign countries is earlier than China, however, the doPHVWLFUHVHDUFKLVLQIOXHQFHGE\WKHQDWLRQDO³6L[WK

FIGURE 4
Distribution institutes of Chinese literature for grassland establishment and ecological animal husbandry
in karst areas
Note: CAU stands for China Agricultural University, GNU stands for Guizhou normal university, others are not
listed one by one, all abbreviations represent Chinese scientific research institutions.
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FIGURE 5
Distribution institutes of foreign literature for grassland establishment and ecological animal husbandry
in karst areas

FIGURE 6
Distribution topic of literature for grassland establishment and ecological animal husbandry
in karst areas
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Distribution country of foreign literature.
Among the 104 foreign literatures of grassland establishment in the karst areas, there are 4 articles in
Institute of Modern Agriculture, Chinese Academy
of Sciences, there are 3 articles in University of
Ljubljana, there are 2 articles in Guizhou Normal
University, Czechoslovak Academy of Sciences and
other institutes, there are 1 article in University of
Washington and other 85 institutes. Among the 83
foreign literatures of ecological animal husbandry in
the karst areas, there are 3 articles in Chinese Academy of Agricultural Sciences and University of California, there are 2 articles in Guizhou Normal University, University of Maribor and other institutes,
there are 1 article in University of Huddersfield and
other 34 institutes (Fig. 5).

Fresenius Environmental Bulletin

according to the subject direction (Fig. 6).

DIVISION OF RESEARCH STAGES
The earliest foreign literature of grassland establishment in the karst areas appeared in 1969, the
first Chinese literature of grassland establishment in
the karst areas was found in 1982. Before 2003, the
foreign literature had been in a slow development period, and there were many related literatures after
2003. Although the Chinese literature appeared later
than the foreign literature, the number of published
Chinese articles in 1983-1987 was obviously more
than foreign literature, and the number of Chinese
literature after 2000 was significantly more than the
previous period. The study of ecological animal husbandry in the karst areas was also rose which was
influenced by the development of grassland in the
mountainous areas of southern China in the national
³VL[WK)LYH-<HDU3ODQ´ 7DEOH 

Distribution topic of literature. All the research articles related to the grassland establishment
and ecological animal husbandry in the karst areas
can be divided into theoretical research, technical research and development, mode construction, experimental demonstration and benefit evaluation

TABLE 1
Division of research stages for grassland establishment and ecological animal husbandry in the karst areas
Grassland establishment in the karst areas
Research
stages

Main features

Development background

initial development
period
(1969-2002)
The contents of
foreign research
mainly focus on
regional practical technology
research, since
WKH ³6L[WK )LYH<HDU 3ODQ´ was
carried out in
China, the research has been
paid attention to
grassland
in
mountain areas
of
southern
China, domestic
research
has
gradually
become the main
force of grassland establishment.
Exploration of
forage selection
and
planting
technology
abroad, the combined period of
grassland development
and
rocky desertification control.

rapid
development
period
(2003-2008)
The research of
this stage accounts
for
20.38%,
grassland
establishment in the karst
areas was focused
on the development of grass and
livestock, the intercropping
of
forest and grass,
the technology of
grassland establishment, grassland
grazing,
grassland reconstruction, grassland management
and so on.

Ecological animal husbandry in the karst
areas
the research hotspot starting
period in-depth study peperiod (2009 - pre- (1982-2004)
riod (2005 - present)
sent).
The grassland estab- )URP ³Sixth Five- 6LQFH WKH ³1LQWK
lishment in the karst <HDU 3ODQ´ to Five-<HDU 3ODQ´
areas in this stage ³1LQWK )LYH-Year especially since
has become a hot Plan, our country our country started
spot in the fields of explored grassland to implement the
environment, ecol- in mountain areas key project for
ogy and animal hus- of southern China, rocky desertificabandry, especially it was laid the tion control, the
GXULQJ WKH ³(OHY foundation for the theory and techenth
Five-Year research of ecolog- nology of ecologiPlan´ DQG ³7ZHOIWK ical animal hus- cal animal husFive-<HDU3ODQ´SH bandry in the karst bandry in the karst
riod, grassland re- areas, Foreign re- areas have made
mote sensing, grass- search in the karst great strides and
the literary practiland carbon seques- area was rose.
cal value was relatration and grasstively high.
land ecosystem services value have become more and
more mature.

Study on stress resistance of grassland
establishment, the technology of grassland
establishment
combined
with
rocky desertification control.

The importance attached to the karst
environment
at
home and abroad,
the scientific utilization of karst grassland is an important
way to protect karst
environment.
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ecological
breeding and ecological animal husbandry have received increasing
attention.

Changing the traditional farming
methods, the concept of scientific
and ecological animal breeding was
advocated.
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of the plant. The ratio of the plant nutrient and the
nutritive substance of the seed is 3-5:1, and the nutrient substance is 3-5 times higher than that the seed
[12-13]. The ecological animal husbandry is developed in the karst area of southern China under the
premise of ensuring self-sufficiency of grain.
(5) The theory of the main outline for the mixed
grassland establishment in the karst area has been basically clarified. Through the experiment on mixed
forage in the karst area of Weining in China showed
that: combination design according to the purpose of
forage utilization and the characteristics of grass variety; according to the relative seasonal equilibrium
of different forage yield advantages; the results of interspecific competition and interspecific complementation in the process of the succession under the
controlling experimental conditions [14].

MAJOR DEVELOPMENTS AND
LANDMARK ACHIEVEMENTS
Basic theory. (1) There is a solid foundation
for artificial grassland and ecological animal husbandry in the karst area of southwest China. The
karst area of southwest China is rich in grassland resources, the grassland is about twice as much as cultivated land, it is accounted for 16.08% of the total
area. The karst area of southwest China is rich in heat
resources affected by monsoon climate, rain hot during the same period, forage plants can grow throughout the year. Moreover, the karst area of southwest
China is one of the earliest areas for grassland improvement by aerial seeding in our country and it has
a good foundation for the improvement of animal
breeds. Ecological animal husbandry is directly related to farmers and it can be eradicated poverty in a
relatively short time [8].
(2) Under the appropriate conditions, the combination of grassland and forest-shrub can improve
the quality and yield of forage. The balanced development of forage production, poverty alleviation and
environmental protection is a sustainable land management mode that solves the current problems of resource exhaustion, environmental degradation and
contradictions of agroforestry land use [9]. The result of the mixed grassland on the pine forest in the
study of Silva-pan showed that the annual yield of
forage reached the highest without shade [10]. However, the study found that crude protein and biomass
contained in Andropogon yunnanensis Hack. increased when Andropogon yunnanensis Hack. intercropping in pine forests, which may be related that
VKDGLQJ¶V DELOLW\ can control high temperature and
light intensity and form a favorable environment for
grass growth [11].
(3) The increase of food demand and production for animal leads to a sharp increase demand for
fodder, and the traditional agricultural structure is urgently need to optimize. At present, the ratio of feed
consumption to food consumption in China is 2.5: 1.
With this estimate, the agricultural structure in China
should be 500 million tons of fodder and 200 million
tons of ration. The demand for fodder in China is far
beyond the bearing capacity of plantation agriculture, the production of plant nutrients in grassland
agriculture, regardless of energy or protein production, is several times higher than plantation agriculture [12-13], therefore, it is imperative to develop the
artificial grassland establishment and ecological animal husbandry.
(4) The disharmony between grain planting and
crop cultivation of fodder threatens the food security
in China, so the artificial grassland establishment is
the first step in the development of ecological animal
husbandry. Forage plant is the whole plant, that is,
taking plant nutrition as the product, grain is the seed

Technology research and development. (1)
The technology of forage planting in the karst arid
environment is maturing day by day. The significant
results have been achieved in the karst areas of
southern United States through germination and
planting techniques, deep seeding techniques and
planting techniques of nutrient bag [15]. In addition,
the analysis techniques of forage in the karst region
of Europe have been continuously improved [16],
the planting technology of high protein forage in
American has been paid more and more attention in
the whole forage development system [17-18].
(2) The technology of grassland establishment
in the rocky desertification areas is gradually patented. According to the characteristics of rocky desertification area, by standardizing the classification
of rocky desertification and a series of technical
means to achieve scientific and standardized forage
planting, access to high-yield forage, conserve soil
and water, improve rocky desertification environment, increase the yield of agriculture, forestry and
animal husbandry and improve income of the farmers [19].
(3) Reasonable supplementary feeding technology can improve the quality of cattle and sheep. In
order to raise the slaughter rate, the effect of gaining
weight is remarkable through supplementing barley
and wheat for grazing semi-fine wool sheep [20].
Supplementary feeding while grazing can improve
the balance of nutrition intake for animals [21-22]
and improve production performance and quality of
animals. Foreign studies have proved that the flavor
of mutton fed with high energy fodder is better than
the grazing sheep [23], the content of polyunsaturated
fatty acids in mutton fed mainly with grain seed was
lower than the grazing sheep [24-25], supplementing
feeding with mixed fodder can significantly improve
the tenderness of beef quality in grazing [26].
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TABLE 2
Grassland productivity in allocation mode of compound grassland
Use
patterns

Grazing
grassland

Shrubgrass grassland
High yield
forage of
grassland

Vegetation types
Bromus catharticus Vahl. + Festuca elata + Lolium
perenne L. + Medicago sativa.
Bromus catharticus Vahl. + Dactylis glomerata L. + Lolium perenne L. + Medicago sativa.
Bromus catharticus Vahl. + Festuca elata + Dactylis
glomerata L. + Trifolium repens
Bromus catharticus Vahl. + Lolium perenne L. + Dactylis
glomerata L. + Trifolium repens
Bromus catharticus Vahl. + Medicago sativa. + Dactylis
glomerata L. + Trifolium repens
Festuca elata + Lolium perenne L. + Medicago sativa. +
Trifolium repens
Indigofera amblyantha
Sophora davidii
Pennisetum sinese
Sorghum dochna + Lolium multiflorum
Silage corn + Radish
Silage corn+ Lolium multiflorum

(4) The technology of nutrient brocks is gradually maturing. A It has been popularized that using
the measures of licking bricks to improve the performance of cattle and sheep, supplement fodder nutrients and enhance immunity in the country with developed animal husbandry such as Europe and
America [27-29]. When the energy, minerals and nitrogen sources are licked in the form of licking
bricks, it can promote the fermentation of organic
substances in the rumen, improve utilization rate of
the feed and weight gain rate and reduce the incidence of all types of nutritional metabolic diseases
and transvestites [32].

Dry
matter
yield(kg/hm2)
7222

Bearing capacity of
animal(sheep/hm2)
10.70

4531

6.71

4502

6.67

4690

6.95

6173

9.14

7479

11.08

3250
2750
15000

4.81
4.07
22.21

7500+6750
7750+13070
7750+6750

21.11
30.83
21.47

Reference

[47]

mode, the ecological animal husbandry mode in the
place where the traffic is convenient that chooses
³animal-marsh gas-fruit´ mode [39]. The ecological
animal husbandry mode should be considered synthetically according to the local natural conditions,
the characteristics of agricultural production, the
economic situation and the scale of breeding.
(3) Mimicry breeding mode is advocated in
ecological animal husbandry. To carry out the
healthy breeding of mimicry breeding mode, it is
necessary to consider the selection of varieties and
the exploration of scientific and reasonable feed
techniques [40]. The study on the healthy breeding
mode of ecological animal husbandry is also expounded from the aspects of site selection and other
aspects [41-42].
(4) Semi-house feeding and semi-grazing is an
important mode for healthy breeding of ecological
animal husbandry. Semi-house feeding and semigrazing is a scientific and effective combination of
grazing and house feeding, which not only increases
economic benefit, but also improves meat quality
and protection of ecological environment, Cheng put
forward that semi-house feeding and semi-grazing is
the ecological and healthy breeding mode of Boer
goat based on a large number of studies [43].
(5) The coupling of agriculture-grass and forest-grass is an important mode for grassland establishment in the karst areas. The coupling of agriculture-grass is to combine grain with planting forage
and breeding animal, and gradually establish the industrial chain of modern grassland agriculture [44].
In addition, it is also possible to utilize the idle field
to plant high quality forage in winter, improve woodlands and plant artificial grasslands, which can fully
exploit the productive potential of scarce land resources [45-46].
(6) Allocating the planting mode of forage according to the karst geomorphology environment

Mode construction. (1) The development of
ecological animal husbandry in the rocky desertification area should change the traditional feeding
mode and carry out the scientific feeding mode based
on the systematic grassland and animal husbandry.
&KLQD UHOHDVHG ³1R  &HQWUDO 'RFXPHQW´ that
clearly proposed to actively promote healthy breeding mode. The development of grassland animal husbandry and the restoration of ecological environment
are not a contradiction to one another, the adoption
of a healthy breeding mode can realize the sustainable development of animal husbandry [33-34]. Foreign scholars have studied the development mode of
ecological livestock husbandry from different angles
of grassland utilization and production mode [3538].
(2) Developing mode of planting-breeding
combination for ecological animal husbandry in the
karst areas should be combined with local natural
conditions and other conditions. The study showed
that the ecological animal husbandry mode in the
karst mountainous and semi-mountainous areas
FKRRVHV WKH ³animal-marsh gas-gUDLQ´ PRde, the
ecological animal husbandry mode in the karst dam
areas selects the ³animal-marsh gas-fruit or fish´
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and the utilization way. Someone put forward planting mode of forage according to elevation and utilization in the karst mountainous area, that is: 1) the
allocation mode of grazing grassland at the mountaintop should be planted Paspalumwettsteinii
Hackel. at low altitude area, planted Trifolium repens L. at middle altitude area, planted Dactylis
glomerata L. at high altitude area; 2) the allocation
mode of ecological forest-shrub grassland should be
reseeded pigeon pea at low altitude area, planted
Sophora davidii at middle altitude area, replanted Indigofera amblyantha at high altitude area; 3) the allocation mode of high yield forage for grassland
should be planted Pennisetum sinese Roxb as main
species at low altitude area, planted Hemarthria
compressa at middle altitude area, planted Dactylis
glomerata L.+ Lolium perenne L.+ Trifolium repens L. at high altitude area[47].
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(4) The systematic planning and management
and implementation of healthy breeding can ensure
the quality and safety of products for ecological animal husbandry. Establishing standardized farms and
improving the system to ensure the biology safety in
the karst areas of Chongqing in China according to
the characteristics of karst landform. Playing a diversified role of social service system, and close integrating with production, study and research to form
an interactive mechanism to promote the sustainable
development of ecological animal husbandry and
achieve remarkable demonstration benefits [56].
Benefit monitoring and evaluation. (1) Establishment of artificial grassland in the karst rocky desertification area is an effective way to develop economy. Taking the typical karst rocky desertification
community as an example, Deng designed four experimental measures of artificial grassland, improved grassland, enclosed grassland and natural
grassland, the results showed that the economic benefit of artificial grassland was the best, followed by
improved grassland and enclosed grassland [57].
Rocky desertification control of grassland improved
farmers¶OLYLQJFRQGLWLRQVDQGVWDQGDUGVSHUFDSLWD
income was increased, which has increased 88.1%
compared with no control.
(2) The compound allocation structure of forest-shrub-grass can improve microclimate, ecological diversity and soil environment. Some scholars
have studied the photosynthetic physiological characteristics of plants in the compound system [58].
Some scholars have established a mode to evaluate
the photosynthetic efficiency of the compound system based on the moisture of tree and forage [59].
The study of compound system of Robinia pseudoacacia + forage in the karst area of United States
showed that the shading effect of the crown can reduce the drastic changes of surface soil temperature
in a day [60]. In addition, Karki, Xiong and other
scholars were also studied the benefits of forestgrass compound systems [61-67].
(3) Assessment index system of remote sensing
and new technology for grassland rocky desertification in the karst area of southwest China are becoming more and more perfect. Huangfu set up the evaluation index system of grassland rocky desertification in the karst region of southwest China based on
the slope, rock bare rate and other index, at the same
time, she proposed to using grassland rocky desertification index to quantitatively evaluate the degree
of grassland rocky desertification, it was divided into
five grades, which is more scientific and comprehensive than a single indicator [68]. Chen used Landsat
as a data source and established the estimation model
of aboveground biomass for grassland to provide
technical support for grassland monitoring in the
karst mountainous area [69].
(4) The benefit monitoring and evaluation of
ecological construction for grassland is gradually

Experimental demonstration. (1) The grassland and animal husbandry base of south China karst
represented by Zhuopo in Guizhou province, it has
played an exemplary role. In the early 1980s, the successful aerial seeding of ten thousand mu in Weining
County of Guizhou Province opened a new way for
the development of karst grassland and animal husbandry. Especially in recent years, through the implementation of the project, foreign exchange and
cooperation and scientific and technological tackling, it has made the development of grassland and
animal husbandry in Guizhou Province that already
have a certain demonstration foundation [48].
(2) There are many areas in Guizhou province
that are carried out demonstration of grassland establishment in the karst area. Breeding and introducing
high quality forage from abroad in the karst area of
Guizhou Province, through the practice sums up forage planting and mixed planting methods of different
environmental conditions, seasons and utilization
ways [49]. For example, it would better plant annual
Lolium perenne in winter in Zunyi of Guizhou province, it would better plant Medicago sativa in summer in Liu Panshui of Guizhou province [50], it would
better plant evergreen grassland in Qinglong of Guizhou province, it would better plant grassland of
³Liangshan´ type in Weining of Guizhou province
[51].
(3) The effect of healthy breeding technology
and health farm on the prevention and control of epidemic disease for ecological animal husbandry is remarkable. Through optimizing and matching five related factors (environmental control, variety improvement, breeding management, disease prevention and control and business mode) of healthy
breeding, on the basis of experimental research, the
technical regulations of health farm for cattle and
sheep were established, and the objective managePHQWRI³GRXEOHWUDFN´ZDVHVWDEOLVKHGDQGWKHLGHDO
effect of disease prevention and control was obtained
[53-55].
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systematic. The method of benefit monitoring for
grassland construction are mainly included measuring method, mapping method, remote sensing
method. The monitoring index of environmental stability for grassland ecosystem are mainly included
vegetation coverage, vegetation height and so on.
The functional index of water and soil conservation
for grassland ecosystem are mainly included rainfall,
rainfall intensity and so on. The monitoring indexes
of improved soil are mainly included the long-term
dynamic monitoring of soil moisture and the dynamic monitoring of nutrients [70-72].
(5) The technology of healthy breeding can significantly improve the efficiency of ecological animal husbandry. After the establishment of healthy
farms, the morbidity of lambs, basic ewes and rams
in scale farms decreased by 17.96%, 14.87% and
6.61% respectively compared with before the establishment of healthy farm, the morbidity decreased by
5.85%, 5.37% and 2.56% respectively. The diseased
death rate was controlled from 9.0% to 3%, the morbidity and mortality of disease decreased significantly, and the health status of sheep was obviously
improved [53-55].
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karst mountains areas is planted under economic forests or forage shrubs, the varieties of forage planted
under the forest that are very important for forestshrub, and the forest-shrub density also plays an important role in the growth and production of grassland under the forest. Therefore, adjusting the variety of forest-grassland planting and the way of grazing under the forest that will be the key point to coordinately develop forest-shrub-grass in the karst areas.
(3) The database of grassland resources is
lagged behind, so the database and monitoring standard needs to be updated and improved urgently. At
present, the database of grassland resource in China
still uses the data of national grassland resources survey in 80s and 90s, which can no longer meet the
needs of toGD\¶VVRFLDODQGHFRQRPLFGHYHORSPHQW
it is urgent to update. The monitoring of grassland
resources in the karst areas is mostly carried out according to the national forestry standard, and the
evaluation index system of grassland in the karst areas is not yet a complete standard system.
(4) High-efficiency degradation technology of
lignin is an important means to improve silage efficiency. The digestibility of forage greatly affects the
quality of forage as well as the growth and development of animals. Building silage technology system
suits for different forage characteristics, moisture
content and temperature to provide theoretical basis
for the development of high-efficiency degradation
technology of lignocellulose, improvement of forage
digestibility and feed quality.
(5) Establishing the artificial grassland with optimized combination according to the nutrition needs
of different animal, constructing a healthy breeding
mode of cattle and sheep with karst characteristics
based on the forage and fodder resources with regional characteristic. For example, the combination
RI DUWLILFLDO IRUDJH DQG GLVWLOOHU¶V JUDLQV SUHPL[HG
feed and other regional resources as well as the combination of artificial forage and local forage plants,
which can produce healthy breeding feed.
(6) The molecular inheritance and breeding potential of cattle and sheep with regional characteristics need to be further tapped. The karst mountainous
area is a natural refuge for many organisms, it is rich
in endemic biological resources. Guanling cattle,
Guizhou semi-fine wool sheep and other cattle and
sheep breeds with regional characteristic in the karst
area of Guizhou province have special genetic characteristics.
(7) Regulating the ratio of energy and protein
for animal, improving the nutritional structure of
fodder to realize the balance of energy and protein.
The balance of energy and protein is transient and
relative [73], in order to maximize the production
performance of cattle and sheep, it is necessary to
improve the method of energy and protein of cattle
and sheep under the existing production conditions,
the proper balance of energy and protein can

THE KEY SCIENTIFIC AND
TECHNOLOGICAL ISSUES
TO BE SOLVED AND ITS
PROSPECTS AT HOME AND ABROAD
The development mode and technology of
grassland establishment and ecological animal husbandry in the karst rocky desertification environment
have been paid more and more attention by experts
and scholars at home and abroad. Based on karst
grassland construction, combining with forage and
grassland resources of local characteristics, developing high-quality forage and fodder, and carrying out
healthy livestock and poultry breeding with local
characteristics, which are conformed to the political
and scientific guidance of ecological environment
control and national poverty alleviation in the karst
rocky desertification areas.
(1) According to local conditions to promote artificial grassland with high-quality, high yield and
resistance. In the karst area, the artificial grassland is
established in a targeted manner. It should be considered the specific characteristics of regional environment and selected suitable forage species with local climate and environment for planting so as to
avoid the problems of low yield and quality decline.
It is easy to degenerate after artificial grassland establishment, so it is necessary to establish a combination pattern of anti-degraded forage in addition to
taking measures to strengthen artificial control.
(2) Exploring the efficient production mode of
shrubby grassland to solve the problem of poor resistance according to the karst mountainous environment. Most of the existing artificial grassland in the
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[5] :DQJ 6- /L <% /L 5/   .DUVW
URFN\ GHVHUWLILFDWLRQ IRUPDWLRQ EDFNJURXQG
HYROXWLRQ DQG FRPSUHKHQVLYH WDPLQJ 4XDWHU
QDU\6FLHQFHV  
[6] ;LRQJ1./L-/RQJ0=  )HDWXUHV
RIVRLODQGZDWHUORVVDQGNH\LVVXHVLQGHPRQ
VWUDWLRQDUHDVIRUFRPEDWLQJNDUVWURFN\GHVHU
WLILFDWLRQ$FWD*HRJUDSKLFD6LQLFD  

[7] =KDQJ *+ =KDQJ ;3 =KDQJ /  
*UDVVODQGDQLPDOKXVEDQGU\LVWKHSULRULW\VHF
WRU IRU SRYHUW\ HOLPLQDWLRQ LQ NDUVW DUHDV
3UDWDFXOWXUDO6FLHQFH  
[8] 5HQ -=   'LVFXVVLRQ RQ HVWDEOLVKPHQW
RIJUDVVODQGSURSHUW\PDQDJHPHQWV\VWHPDQG
OLYHVWRFN KXVEDQGU\ EHOW LQ NDUVW DUHDV RI
6RXWKZHVW &KLQD :RUOG 6FLWHFK 5  '
 
[9] 3DQGH\ '1   &DUERQ VHTXHVWUDWLRQ LQ
DJURIRUHVWU\ V\VWHPV &OLPDWH 3ROLF\ 

[10] 6LOYD3DQGR)-/RUHQ]R0-5+HUQiQGH]
03*  *UDVVODQGVDQGVFUXEODQGVLQWKH
QRUWKZHVWRIWKH,EHULDQ3HQLQVXOD6LOYRSDVWR
UDOV\VWHPVDQGQDWXUHFRQVHUYDWLRQ3DVWXUH
/DQGVFDSHDQG1DWXUH&RQVHUYDWLRQ
[11] 3HUU\ 0(/ 6FKDFKW :+ 5XDUN *$
%UDQGOH -5   7UHH FDQRS\ HIIHFW RQ
JUDVVDQGJUDVVOHJXPHPL[WXUHVLQHDVWHUQ1H
EUDVND$JURIRUHVWU\6\VWHPV  
[12] 5HQ -=   7KH WUDGLWLRQDO DJULFXOWXUDO
VWUXFWXUH LQ RXU FRXQWU\ GRHV QRW FKDQJH QR
IRRGDIWHUQLQHUDLVHZRUULHV3UDWDFXOWXUDO6FL
HQFH  
[13] 5UHQ-=;X*/L;//LQ+/7DQJ=
  7UDMHFWRU\ DQG SURVSHFW RI &KLQD¶V
SUDWDFXOWXUH &KLQHVH 6FLHQFH %XOOHWLQ  

[14] -LDQJ:/5UHQ-=  6WXG\RQPL[HG
VRZLQJ FRPELQDWLRQ RI DUWLILFLDO JUDVVODQG LQ
<XQQDQ*XL]KRX3ODWHDX$FWD$JUHVWLD6LQLFD
  
[15] +DXVHU9/  3XQFKSODQWLQJWRHVWDEOLVK
JUDVV -RXUQDO RI 5DQJH 0DQDJHPHQW   

[16] &DELGGX $ :HQFHORYi 0 %RPERL *
'HFDQGLD00ROOH*  )DWW\DFLGSUR
ILOH LQ WZR EHUVHHP FORYHU 7ULIROLXP DOH[DQ
GULQXP /  FXOWLYDUV SUHOLPLQDU\ VWXG\ RI WKH
HIIHFWRISDUWRISODQWDQGSKHQRORJLFDOVWDJH
*UDVVODQG6FLHQFH
[17] $GMHVLZRU$7,VODP0$  5LVLQJQL
WURJHQIHUWLOL]HUSULFHVDQGSURMHFWHGLQFUHDVHLQ
PDL]HHWKDQROSURGXFWLRQWKHIXWXUHRIIRUDJH
SURGXFWLRQDQGWKHSRWHQWLDORIOHJXPHVLQIRU
DJH SURGXFWLRQ V\VWHPV *UDVVODQG 6FLHQFH
  


comprehensively improve the utilization of energy
and protein for fodder.
(8) The coupling of agriculture and animal husbandry, and the harmless treatment of livestock
wastes are the urgent problems to be solved in the
development of ecological animal husbandry in the
rocky desertification area. For the purpose of coordinated development of ternary planting structure of
grain, economic crops and forage, establishing a
FRXSOLQJ PRGH RI ³JUDLQ-grass-OLYHVWRFN´ for agriculture and animal husbandry to rationally layout the
agriculture and animal husbandry industries. Researching and developing the key technology of
harmless disposal and recycle for livestock and poultry feces, establishing ecological cycle mode of forest-grassland-animal planting and breeding to promote the healthy and rapid development of grassland
and animal husbandry.
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[68] +XDQJ-<  6WXG\RQG\QDPLFPRQLWRU
LQJDQGHYDOXDWLRQRIJUDVVODQGGHVHUWLILFDWLRQ
LQNDUVWDUHDVRI6RXWKZHVW&KLQD%HLMLQJ%HL
MLQJ)RUHVWU\8QLYHUVLW\

[41] <X')'LQJ<*6KL;'  'HYHO
RSPHQWWUHQGRIOLYHVWRFNEUHHGLQJDQGGLVHDVH
FRQWURO &RQWHPSRUDU\ $QLPDO +XVEDQGU\
 
[42] <H -; ;LDR7)   'LVFXVVLRQ RQ WKH
GHYHORSPHQWRIDQLPDOKXVEDQGU\DQGKHDOWK\
DTXDFXOWXUH )XMLDQ -RXUQDO RI $QLPDO +XV
EDQGU\DQG9HWHULQDU\0HGLFLQH  
[43] &KHQJ * +XDQJ 60 :DQJ :/  
(FRORJLFDO KHDOWK\ EUHHGLQJ PRGHO RI %RHU
JRDWLQ/DNH'LVWULFW-LDQJVX$JULFXOWXUDO6FL
HQFHV  
[44] <DQJ'/:DQJ1:X*  &RXQWHU
PHDVXUHVDQGVXJJHVWLRQVIRUWKHGHYHORSPHQW
RI HFRORJLFDO DJULFXOWXUH DQLPDO KXVEDQGU\
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FXOWXUHLQ6RXWK&KLQD&URS5HVHDUFK  

[46] :DQJ -   (VWDEOLVKPHQW DQG XWLOL]DWLRQ
RI DUWLILFLDO JUDVVODQG LQ IRUHVW $QLPDO +XV
EDQGU\DQG9HWHULQDU\0HGLFLQHRI+XEHL  

[47] =KDQJ<-  7KH GHYHORSPHQW PRGH RI
6RXWKHUQJUDVVODQGDQLPDOKXVEDQGU\-LDQJVX
$JULFXOWXUDO6FLHQFHV  
[48] :DQJ 76   'LVFXVVLRQ RQ VXVWDLQDEOH
GHYHORSPHQW RI SDVWXUH HFRORJLFDO OLYHVWRFN
KXVEDQGU\ LQ *XL]KRX *XL]KRX $JULFXOWXUDO
6FLHQFHV E 
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EUHHGLQJGHYHORSPHQWLQWKHNDUVWDUHDVRI*XL
]KRXSURYLQFH$FWD3UDWDFXOWXUDH6LQLFD  
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JUDVVODQGDQLPDOKXVEDQGU\LQ*XL]KRX-RXU
QDORI6LFKXDQ*UDVVODQG  
[51] :DQJ<6&KHQ*;)DQ;'  (FR
WHFKQLTXHVIRUKLOOFRXQWU\JUDVVODQGLPSURYH
PHQWRQWKH<XQJXL3ODWHDX3UDWDFXOWXUDO6FL
HQFH  
[52] ;LDQJ0-6KL*=KDR<*  7HFK
QRORJ\RIUDLVLQJJUDVVDQGVKHHSLQNDUVWDUHD
&RPPXQLFDWLRQRI&KLQHVHDQLPDOKXVEDQGU\
 
[53] =KDQJ-&  (VWDEOLVKPHQWRIFDWWOHDQG
VKHHS KHDOWK IDUP &KLQHVH -RXUQDO RI 7UDGL
WLRQDO9HWHULQDU\6FLHQFH  
[54] :HL+<  2EVHUYDWLRQRQWKHHIIHFWRI
KHDOWKFXOWXUHWHFKQLTXHVRQPXWWRQVKHHSGLV
HDVH FRQWURO -RXUQDO RI 7UDGLWLRQDO &KLQHVH
9HWHULQDU\0HGLFLQH  
[55] 7LDQ + =KX < /LX )1   +HDOWK
EUHHGLQJWHFKQRORJ\IRUGLVHDVHSUHYHQWLRQDQG
FRQWUROHIIHFWRIEHHIFDWWOH-RXUQDORIDQLPDO
VFLHQFHDQGYHWHULQDU\PHGLFLQH  
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WATER QUALITY ASSESSMENT FOR ELMALI STREAM
AND KARAÇOMAK STREAM USING THE
COMPREHENSIVE POLLUTION INDEX (CPI) IN
KARAÇOMAK WATERSHED, KASTAMONU, TURKEY
IdrisImneisi1, Mirac Aydin2,*
1 Department of Water Technology in The Higher Institute for Agricultural Techniques EL- Marj ± Libya.
2 Kastamonu University Department of Watershed Management, Faculty of Forestry Turkey.

rich soils and return flow from substantial row crop
farming [4]. Niemi et al. [5] found that human activities mainly impact surface water quality through effluent discharges, the use of agricultural chemicals
and the misapplication of water resources. These activities can dramatically impact many elements of
the downstream environment. Because of this, landuse type plays a significant role in determining the
amount and quality of surface water, which usually
contributes to drinking water sources [6, 7]. Stream
basins are highly vulnerable to pollution due to the
intake and transfer of domestic, industrial and agricultural wastewater. This means that water pollution
control and water quality monitoring are vital [8].
Karaçomak Dam provides water and flood
control for the city of Kastamonu in Turkey. Few
studies have been published about the water sources
and water quality around Kastamonu. Findik observed the seasonal variations of physicochemical
parameters and heavy metal content in water of the
Beyler reservoir at Kastamonu [9]. Imneisi and Aydin found significant variation in the water quality
index of Karaçomak Dam over time, which ranged
from poor to excellent quality [10]. The present
study assesses the water quality in the Karaçomak
anGWKH(OPDOÕVWUHDPVZKLFK feed the Karaçomak
Dam using the comprehensive pollution index
(CPI). CPI indicates the degree of overall water pollution [11]. This technique is a very valuable tool for
reliable management and conservation of water resources with rapid measurements of large bodies of
water.

ABSTRACT
7KH .DUDoRPDN DQG (OPDOÕ streams are the
main sources of water that feed the Karaçomak Dam.
This study analyses these streams utilising pollution
indices such as the single-factor method and comprehensive pollution index (CPI) based on physiochemical parameters (pH, EC, T, turbidity, NH4-N, NO3N, NO2-N, PO4-P, DO, BOD, COD) during the period from September 2015 to July 2016. The singlefactor pollution index and the CPI show that the
main pollutants during this period were pH, BOD5
and turbidity. On the other hand, the pollution grades
of both streams were level III, showing slight polluWLRQRIWKH(OPDOÕDQGWKH.DUDoRPDNVWUHDPVZKLFK
had CPI values of 0.88 and 0.60, respectively. The
SROOXWLRQRIWKH(OPDOÕVWUHDPZDVPRUHVHULRXVWKDQ
that in the Karaçomak stream. This integrated evaluation of water quality should be valuable for pollution-control strategies and watershed management of
the Karaçomak watershed.
KEYWORDS:
Comprehensive pollution index (CPI), Kastamonu, Water
4XDOLW\.DUDoRPDNVWUHDP(OPDOÕVWUHDP

INTRODUCTION
The main goals of water resource management
and contamination control are the classification of
water quality and the identification of principal pollutants. Water quality deterioration is mainly attributable to increasing population and urban sprawl.
These processes threaten human and ecological
health, drinking water availability and economic development [1, 2]. Presently, the decay of water quality in surface water bodies caused by anthropogenic
activity like rapid urbanization and expanded rural
overflow has become a global problem. Many
streams in developing countries are heavily polluted
because of anthropogenic activity [3]. The assessment of spatial and temporal changes in water quality allows the observation of natural and anthropogenic variables such as interflow through organic-

MATERIALS AND METHODS
Study Area and Sampling Stations. The
study area is a major source of drinking water for
the Kastamonu area, feeding the reservoir held by
the Karaçomak Dam. The Karaçomak Dam is located at latitudes 41°19' 07.56" to 41° 17' 29.27" N
and longitudes 33° 44' 41.38"±33° 44' 06.32" E in
the city of Kastamonu, Turkey, at 887±904 m above
sea level [10]. Sampling stations were located in the
Karaçomak area as shown in Fig 1. Table 1 lists the
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number of samples and the number of repetitions for
each sample.
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This study therefore offers a valuable baseline assessment of water quality, as well as an indication
of the impact of land uses on two streams in different agricultural watersheds. Land-use types were
classified into seven categories: (1) agriculture, (2)
productive forest, (3) forest soil, (4) degraded forest,
(5) settlement, (6) rocky and (7) erosion. The land
use is charted in the study area using these categories in Table 2 and Fig. 1.

Land-Use Data. Land-use activities have local
effects on water quality, and water quality significantly affects choice of land-use strategies [12]. To
our knowledge, the effects of land use on the water
quality of these streams have not been documented.

TABLE 1
Summary of data collected
Sampling Stations
Name of Sampling Stations
Duration of study

Information of Sampling site
Station one
Station two
(OPDOÕVWUHDP
Karaçomak stream
in September 2015 until July 2016 every two month

The number of samples
The number of repetitions
Total

18
3 every sample
54

18
3 every sample
54

FIGURE 1
The Karaçomak Watershed area and suEFDWFKPHQWRIWKH.DUDoRPDNVWUHDPDQG(OPDOÕVWUHDP
TABLE 2
Summary of major land-use types in the Karaçomak watershed area
Sub-catchment of Sub-catchment of Area(ha) Percentage
Land use
(OPDOÕVWUHDP KD
Karaçomak
(%)
stream (ha)
Agriculture
1638
4706
6345
41.5%
Productive forest
751
4090
4841
31.7%
FS (forest soil)
957
984
1942
12.7%
Degraded forest
995
782
1777
11.6%
Settlement
52
206
258
0.016%
Rocky
0
12
12
0.0008%
Erosion
0
77
77
0.005%
Total
4395
10847
15256
100%
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Less than 0.4
0.4 -1.0
1.0 -2.0
2.0 -5.0
More than 5.0
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TABLE 3
Standard grades for single-factor pollution index
Pollution grades
Non-pollution
Slight pollution
Medium polluted
Heavy polluted
Serious polluted

TABLE 4
Standard surface water quality categories based on CPI
The Comprehensive PolluLevel
Explain the Water Quality
tion Index (CPI)
Grades
Less than 0.2
I
Cleanness
0.21-0.4
II
Sub-cleanness
0.41-1.0
III
Slight pollution
1.01-2.0
IV
Moderate pollution
More than 2.01
V
Severe pollution
Field Methods. There were five water quality
parameters: (1) electrical conductivity (EC), (2) pH,
(3) temperature (T) and (4) dissolved oxygen (DO)
were measured in situ with HQ40d portable pH,
conductivity and dissolved oxygen multiparameter
meters (Hach Company). (5) Turbidity (TUR) was
measured using the high-precision WTW Turb 430
IR model according to Environmental Protection
Agency (EPA) guidelines for water analytics, quality control and process monitoring.

Comprehensive Pollution Index (CPI). The
CPI and single-factor method supply helpful information for management and control of the pollution
in a watershed [16] and assessing the evolution of
wastewater used for irrigation water [17]. The comprehensive pollution index is defined as follows:
ࡼࡵ

ࡵ

ൌ   ࡱ࢛ࢇ࢚ሺሻ
ࡿࡵ

ୀ

where CPI is the comprehensive pollution index, Ci is the measured concentration of the pollutant
(mg/l), Si is the limit permitted by the WPCSR and n
is the number of chosen pollutants.CPI is classified
into the water quality levels listed in Table 4.

Chemical Analysis. There were six water
quality parameters, in which four of them were
measured using a HACH-DR 6000 UV-Vis spectrophotometer, namely, (1) ammonia nitrogen (NH4N), (2) nitrite nitrogen (NO2-N), (3) nitrate nitrogen
(NO3-N) and (4) phosphate (PO4-P). (5) Biochemical oxygen demand (BOD) was determined with 5day incubation measurements, and (6) chemical oxygen demand (COD) was measured with the openreflux method. All of the water quality parameters
were analysed according to standard methods for the
examination of water and wastewater [13, 14].



RESULTS AND DISCUSSION
Physical-Chemical Characteristics. Major
water quality indicators include water temperature,
pH, EC, turbidity, dissolved oxygen (DO), chemical
oxygen demand (COD), biochemical oxygen demand (BOD), ammonium (NH4-N), nitrate (NO3-N),
nitrite (NO2-N) and phosphate (PO4-P). The surface
water of two streams was evaluated in terms of the
chemical parameters listed in the WPCSR.
Parameters were chosen based on their importance to human health. Statistics were calculated
with SPSS 19.0. The general statistics for the
VWUHDPV¶ water quality indicators are summarised in
Tables 5 and 6. These tables list the minimum value,
maximum value, mean and standard deviation of the
measurements for each of the 11 variables, along
with the level-III standard values.

Single-Factor Method. The single-factor assessment method is based on the concept of the third
subscription level in the national standard for
(WPCSR). The classification of the most-impaired
evaluation factor is applied as a comprehensive water quality index. The single-factor index is defined
as:
۱ܑ
 ܑ۾ൌ ۳ܖܗܑܜ܉ܝܙሺሻ
ܑ܁
where Pi is the pollution index of pollutant i, Ci
is the measured concentration of the pollutant (mg/l)
and Si is the level-III water quality standard for the
SROOXWDQWEDVHGRQµWKHTurkish national standard for
ZDWHUSROOXWLRQFRQWURO :3&65 ¶The water quality factor Pi is classified into five grades, as listed in
Table 3 [15].
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TABLE 5
6WDWLVWLFVRISK\VLRFKHPLFDOYDULDEOHV DOOLQPJODQG(&LQȝ6FP LQWKH(OPDOÕVWUHDP
and the Karaçomak stream
Parameters
EC(μS/cm)
pH
Temperature
Turbidity
NTU
DO mg/l
BOD mg/l
COD mg/l
NH4-N mg/l
NO3-N mg/l
NO2-N mg/l
PO4-P mg/l

Standard values
1500
6-9
30
5

(OPDOÕVWUHDP 6 n=18
Min
Max
Mean
714
809
752.3
8.51
8.8
8.67
3.3
16.4
10.16
11.4
17.9
12.9

Std. Dev.
30.28
0.109
4.30
2.25

Karaçomak stream (S2) n=18
Min
Max
mean
Std. Dev
544
637
598.4
35.7
8.35
9.05
8.65
0.21
2.5
15.9
9.2
4.34
0.95
11.58
3.73
3.52

3
20
70
2
20
0.05
0.65

8.5
5.9
0.5
0.000
0.670
0.001
0.04

0.788
17.3
45.1
0.111
0.41
0.002
0.104

8.5
2
0.5
0.013
0.250
0.002
0.04

11.1
55
125
0.350
1.8
0.007
0.35

9.85
22.2
26.7
0.098
1.16
0.0038
0.143

11.3
23
16.8
0.06
0.6
0.006
0.280

9.96
7.17
4.92
0.033
0.40
0.004
0.101

0.94
7.4
5.30
0.017
0.098
0.001
0.080

TABLE 6
Average the physicochemical parameters from September 2015 to July 2016
Parameters
pH
EC(μS/cm)
Temperature(C)
NH4-N
mg/l
NO3-N
mg/l
NO2-N
mg/l
PO4-P
mg/l
Turbidity
DO mg/l
COD mg/l
BOD mg/l

Standard
values
(WPCSR)
6-9
1500
30

(OPDOÕVWUHDP 6
Sep
Nov
Jan

march

may

July

Karaçomak stream (S2)
Sep
Nov
Jan
march

may

July

8.53
806
14

8.72
764
7.3

8.52
738
3.4

8.79
716
9.9

8.75
729.3
10

8.69
759
13.1

8.45
633.6
13.4

8.73
636
6.9

8.38
624.6
3.3

8.99
548
6.7

8.75
565
9.5

8.62
581
12.7

2

0.04

0.05

0.02

0.33

0.09

0.06

0.03

0.01

0.02

0.01

0.05

0.05

20

1.4

0.6

0.9

1.7

1.45

0.7

0.5

0.2

0.5

0.33

0.3

0.3

0.05

0.001

0.002

0.005

0.005

0.006

0.001

0.005

0.003

0.005

0.002

0.003

0.005

0.65

0.2

0.3

0.1

0.07

0.04

0.07

0.08

0.2

0.09

0.06

0.04

0.05

5
3
70
20

11.5
8.5
11.4
54

11.6
9.4
124.5
13.9

12.4
11
0.4
20.3

17.7
10
4.5
-

12.2
10.2
12.3
6

11.9
9.7
7.3
16.4

2.6
8.6
3.5
2.8

2.5
9
16.2
4.5

1.06
10.9
3.2
21.3

11.2
11.1
2.6
-

2.3
10.1
3.3
4.5

2.4
9.9
0.5
2.5

average of 3.73 NTU during the other months of the
year. Turbidity in these waters comes from clay particles within eroded soil in the catchment area. After
the rainfall events, the water is rich in organic matter
and clay particles due to runoff.
Total ammonia levels (NH4-N) were also
measured in all samples (n = 36) and ranged from 0.0
to 0.35 mg/l. No significant spatial or seasonal differences were observed. Nitrate/nitrite levels fluctuated between 0.6/0.001 and 1.7/0.006 mg/l with an
average of 1.16/0.0033 mg/l, respectively, in the
(OPDOÕ and between 0.2/0.002 and 0.5/0.005 mg/l
with an average of 0.4/0.004 mg/l, respectively, in
the Karaçomak. Ammonia, nitrate and nitrite levels
in the surface water samples remained within the acceptable WPCSR and WHO standards at both stations (Amendment Table 1: RG-13/2 / 2008-26786)
[19].
The DO measurements are also in line with
WPCSR and WHO standards. The highest values of
&2' ZHUH PHDVXUHG LQ WKH (OPDOÕ. The maximum
concentration of 124.5 mg/l occurred in November
2015, and the minimum concentration was 0.4 mg/l
on January 2016, both LQWKH(OPDOÕ
BOD is one more important factor affecting

The mean EC values for the examined periods
ranged from 752.3 to 598.4 μS/cm in WKH (OPDOÕ
stream and the Karaçomak stream. These are generally lower than the recommended level of 1500
μS/cm (WPCSR amendment table 1: RG-13/2 /
2008-26786) and WHO [18]. These results indicate
that the water is suitable for drinking according to
the WHO standard (1500 μS/cm) [18].
The pH of the water samples was within the
range from 8.35 to 9.05. The temperature ranged
from 3.8 ºC in January to 14.0 ºC in September 2015,
which matches the weather pattern, and was not different between the stations, as seen in Table 6. The
water temperature ranged between 3.4±14 ºC and
3.3±13.4 ºC LQWKH (OPDOÕDQG.DUDoRPDNVWUHDPV
respectively. The lowest water temperature was documented during January 2016, while the greatest occurred during September 2016. The difference in water temperature was noticed during sample collection
and is listed in Table 5.
The turbidity measurements were higher in
March with 17.7 NTU LQWKH(OPDOÕ and it decreased
to an average of 12.9 NTU during the rest of the year.
In the Karaçomak, the maximum turbidity was lower
in March at 11.2 NTU, and then it decreased to an
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water quality of both stream systems. The quality of
the Apa Dam Lake at Çumra-Konya in Turkey was
observed to be similar [23]. In another study, a maximum BOD was measured at 0.76 mg/l at WKHùHUH
fiye Dam [22]. High phosphate concentrations were
REVHUYHGLQ-DQXDU\DWWKH(OPDOÕVWUHDP. The
minimum and maximum phosphate values ranged
between 0.04 and 0.1 mg/l LQERWKWKH(OPDOÕVWUHDP
and the Karaçomak stream.

water quality and represents the oxygen-demanding
capacity of organic materials in the water. High
BOD concentrations can lead to increased eutrophication [20]. BOD specifies the amount of oxygen required by microorganisms for dissolving the organic
matter in an aquatic environment under aerobic conGLWLRQV,WLVXVHGWRGHWHUPLQHDQHQYLURQPHQW¶VFD
pacity to assimilate organic matter by calculating the
amount of dissolved oxygen that they consume as
they are released into the receiving media [21, 22].
Generally, B2'YDOXHVIRUWKH(OPDOÕVWUHDPDQG
the Karaçomak stream were under 20 mg/l for most
of the study period except in September 2015 and
January 2016. The highest value was recorded from
WKH(OPDOÕ in September 2015 at 54.0 mg/l.
In our samplesWKH(OPDOÕstream has generally
low water quality in terms of BOD(OPDOÕ¶V BOD
values were relatively high because of runoff from
intense agricultural activity around the Karaçomak
watershed. This runoff may eventually change the

The Single-Factor Index Assessment
Method and the Comprehensive.Pollution Index
(CPI). The water pollution level was determined for
36 samples by measuring 11 water quality indicators.
The pollution index for each factor in the two
streams was calculated as described above. Average
YDOXHV RI DOO LQGLFDWRUV¶ VLQJOH-factor water quality
index were calculated. We then calculated CPI values for an overall assessment of water quality.

FIGURE 2
7KH6LQJOH)DFWRU,QGH[ &L LQWKH(OPDOÕVWUHDPDQGWKH.DUDoRPDNVWUHDP
TABLE 7
7KHVLQJOHIDFWRULQGH[ &L DQGWKHFRPSUHKHQVLYHSROOXWLRQLQGH[ &3, LQWKH(OPDOÕVWUHDP
(stream 1) and the Karaçomak stream (stream 2)
Parameters
EC
pH
Temperature
Turbidity
DO
BOD
COD
NH4-N
NO3-N
NO2-N
PO4-P
CPI

(OPDOÕVWUHDP 6 
Ci
Si
Pi
752.3
1500
0.50
8.67
7.5
1.15
10.16
30
0.33
12.9
5
2.58
4.15
11
0.37
22.2
20
1.11
26.7
70
0.38
0.098
2
0.049
1.16
20
0.058
0.0038
0.05
0.076
0.143
0.65
0.22
0.88

Pollution grades
Slight pollution
Medium polluted
Non-pollution
Medium polluted
Non-pollution
Medium polluted
Non-pollution
Non-pollution
Non-pollution
Non-pollution
Non-pollution
Slight pollution
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Karaçomak stream (S2)
Ci
Si
Pi
598.4
1500
0.39
8.65
7.5
1.15
9.2
30
0.306
3.73
5
0.746
4.04
11
0.36
7.17
20
0.3585
4.92
70
0.070
0.033
2
0.016
0.4
20
0.02
0.004
0.05
0.08
0.101
0.65
0.15
0.60
ࡼࡵ

Pollution grades
Non-pollution
Medium polluted
Non-pollution
Slight pollution
Non-pollution
Non-pollution
Non-pollution
Non-pollution
Non-pollution
Non-pollution
Non-pollution
Slight pollution
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FIGURE 3
Major variation of the single factors and the comprehensive pollution index (CPI) in the
(OPDOÕ6WUHDPDQGWKH.DUDoRPDN6WUHDP
CONCLUSION

Table 7 and Figure 2 show the results obtained
for CPI in each stream. From Fig. 2, we conclude
that the turbidity and BOD concentration were
higher in the (OPDOÕ WKDQ WKH\ ZHUH in the Karaçomak. In Table 5, the maximum COD is 124.5 mg/l
in the (OPDOÕ in November 2015. In the Karaçomak,
COD was 16.4 mg/l at the same time. Increases in
COD might be linked with an increase in chemical
pollutants from farmland runoff [24]. Nonlocal
sources caused by livestock, poultry and grain agriculture are understood to be the main pollution
sources around the Karaçomak watershed. Figure 3
summarises the most important Ci and CPI values in
WKH(OPDOÕVWUHDPDQGWKH.DUDoRPDNVWUHDP
The results of the single-factor index calculations are too complicated to draw any overall conclusions. Individual indicators varied significantly in Ci
in both streams. Turbidity and BOD levels indicate
thaW WKH (OPDOÕ VWUHDP LV PRUH GHWHULRUDWHG E\ upstream human activity than the Karaçomak stream.
Perhaps, the sub-catchment of the (OPDOÕVWUHDPKDV
a high contribution from runoff at downstream areas
that increases the deterioration downstream. The CPI,
on the other hand, has been proven to be a useful tool
for evaluating pollutants in human-affected water
bodies.
The CPI can indicate whether a water is heavily
polluted or not, but it cannot identify the specific pollutant that is mostly affecting the body of water. For
example, the (OPDOÕ DQG .DUDoRPDN streams both
have medium-grade pollution in terms of pH, DO
and BOD, but their CPIs indicate only slight pollution overall.

The single-factor pollution index and CPI were
successfully applied to assess the water pollution in
WKH(OPDOÕVWUHDPDQGWKH.DUDoRPDNVWUHDPof the
Karaçomak watershed in Kastamonu, Turkey. This
study found a variation in the physiochemical indicators of the (OPDOÕ DQG .DUDoRPDN streams. Singlefactor index assessments showed a turbidity of 2.58
and pH of 1.15, indicating medium pollution in the
(OPDOÕVWUHDP
The average CPI indicates slight pollution in the
(OPDOÕDQG.DUDoRPDNstreams. Higher organic matter concentration (BOD) was recorded in the singlefactor index assessment of the (OPDOÕ VWUHDP 7KLV
can be attributed to the high rate of agricultural activity in the surrounding area.
7KH &3, VKRZV WKDW WKH (OPDOÕ VWUHDP has a
higher CPI of 0.88 at pollution grade III, against the
Karaçomak VWUHDP¶V &3, RI  DOVR at pollution
grade III. Both grades correspond to slight pollution.
The results indicate that different parameters had different values of single-factor index, while the CPI at
all stations was grade III.
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COMPARISON OF TOXIC METAL, TRACE ELEMENT AND
MACRO ELEMENT LEVELS IN TROUT CULTIVATED IN
LATVIA AND TURKEY
$VOÕCilingir-Yeltekin*
Department of Chemistry, Faculty of Science, University of Yuzuncu Yil, 65080, Van, Turkey

compounds on the gill surfaces. These compounds
are transported into blood and tissues in fish [3].
Fish are an important source of protein within
the biological cycle. The increasing heavy metal accumulation in fish negatively affects the health of organisms feeding on fish [4]. High or low concentrations of heavy metals can disrupt the element balance
in organisms and are a risk factor for some diseases
[5]. Though trace elements are found at very low
amounts in the body, they have very important functions in the organism. There may be beneficial and
harmful effects on animal and human life linked to
trace element concentrations. When waste water
forming due to a variety of human activities and with
variable structure is emptied into receiving environments like rivers, lakes and seas, they significantly
change the physicochemical and biological structure
of the aqueous environment. Organisms living in
lakes, seas and rivers are affected by material from
these sources and element levels change [6].
Toxic metals generally accumulate in fat tissue
in organisms and affect metabolism and this situation
is valid for fish too. Fish oils obtained from fish cultivated in Baltic countries are imported by Turkey
and many other countries. In this situation, the aim
was to compare the toxic metal, trace element and
macro element levels in trout cultivated in Latvia
with the element levels in trout cultivated in Turkey.

ABSTRACT
The advances in technology and industry pollute water resources. Pollution occurring due to environmental pollution threatens ecosystems and humans more with each passing day. Fish oils obtained
from fish cultivated in water in the Baltic countries
are imported by Turkey and many other countries. In
this situation, the aim was to compare the toxic metal
and macro element levels in trout cultivated in Latvia
with the element levels in trout cultivated in Turkey.
The rainbow trout (Oncorhynchus mykiss Walbaum
1792) samples used in this study had element levels
(Be, B, Al, Ti, Cr, Mn, Co, Ni, Cu, Zn, Mo, Cd, Ba,
Pb, Na, Mg, Si, K, Ca, Fe, As, Se and Sb) analyzed
in heart, muscle, liver, gills, kidney, brain, intestines,
gonads and tissues with an ICP-OES device. The
analysis results are grouped as toxic elements (Be,
Cd, Pb, Al, Ba, Ti), trace elements (Cu, Mn, Ni, Mo,
Co, Si, Fe, Zn, Cr, B) and macro elements (Ca, Mg,
K, Na). The analyses did not identify Be, As, Se and
Sb elements in tissues. Our study determined the
toxic metals in trout from both countries were not at
dangerous levels; also, they were nutritional in terms
of trace element and macro element levels.

KEYWORDS:
Toxic metal, Trace element, Macro element, Trout, ICPOES

MATERIALS AND METHODS
INTRODUCTION

Fish sampling. In this study, 25 Rainbow trout
(Oncorhynchus mykiss Walbaum 1792) weighing
250-300 g aged 2-3 years were used. 10 of them from
Trout fish farms located in Riga, while 15 of them
were obtained from trout farms located in Turkey.
After the determination of weight (g) and sex under
laboratory conditions, they were stored in a freezer
at -Û&XQWLOWKHPXVFOHOLYHUJLOOVJRQDGVKHDUW
kidney, intestinal and brain tissue analysis process.
Age determination was made based on the operculum sample taken from each fish.

With vital importance for the life of organisms,
water is an irreplaceable element in terms of sustaining vital activities [1]. Currently all our water resources are threatened by pollution. The advances in
technology and industry continuously pollute water
resources. The pollution occurring due to environmental pollution threatens ecosystems and humans
more with each passing day. When environmental
conditions are considered, heavy metals are the most
dangerous environmental pollutants, because they
cannot be decomposed by physical routes and maintain their presence for long durations [2]. Heavy metals have toxic effects on aqueous organisms. Heavy
metals accumulating in fish form insoluble

Sample preparation. Approximately 1 g of the
tissues from the frozen fishes was weighed. The tissues prepared according to the Alam et al. [7] method
were placed into glass tubes. To the tissues was
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added 3 mL of a 65% solution of HNO3 (Merck, Germany) and 36.5% of HCI (Merck, Germany) 1: 1 solution. The samples were left at room temperature for
1 hour. The tissues were kept in an incubator for 3
hours at 200ࡈC for breakdown of the tissues.
1N 2 ml of solution prepared with 65% HNO3
was added to the completely dry tubes and the drying
process was repeated in the 200ࡈC incubator. This
process should be repeated until there is no remnant
left in the tubes. In the last stage, after the dried tubes
were cooled, 2.5 ml of 1N HNO3 was added and the
volume was completed to 10 ml with deionized distilled water and prepared for analysis. Prepared tissues were analysed with ICP-OES (Thermoscientific
ICAP 6000 Series) (0.005 ppm detectable limit) and
the levels of Be, B, Al, Ti, Cr, Mn, Co, Ni, Cu, Zn,
Mo, Cd, Ba, Pb, Na, Mg, Si, K, Ca, Fe, As, Se and
Sb elements were determined.

Fresenius Environmental Bulletin

trout, the confidence intervals were calculated by determining the standard deviations of the results obtained. One-way analysis of variance (One-way
ANOVA) and Tukey tests were applied to the data,
and the difference between the data was determined
(P<0.05).

RESULT AND DISCUSSION
Heavy metals have toxic and carcinogenic effects, as well as a tendency to accumulate in live organisms [8]. Heavy metals are naturally found in the
HDUWK¶VFUXVW7KH\GRQRWGLVLQWHJUDWHDQGFDQQRWEH
destroyed. One of the most dangerous and toxic materials among heavy metals is cadmium and another
is lead. Cadmium mainly accumulates in kidney and
liver in organisms [9].

Statistical Analysis. After the analysis of the
metal levels in the samples obtained from Rainbow

FIGURE 1
Changes in levels of toxic elements (Cd, Pb, Ba, Al, Ti) in some tissues of rainbow trout grown
in Latvia and Turkey
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Our study results support this situation. Lead in natural and polluted waters is sourced in rocks, soil and
basically human activities [10]. Qin et al. [11] determined the trace element levels (Li, V, Cr, Mn, Fe,
Ni, Cu, Mo, Zn, Se, Sr, Al, Ti, As, Cd, Sb, Ba, Hg,
Pb and U, Co, Be, Ga, Ag, Sn, Te, Tm and Tl) in carp
fish obtained from three separate fish farms in China.
Naddy et al. [12], in a study of trout, stated the necessity to take more care to protect aqueous systems
from mixing with heavy metals. The Turkish Food
Codex (TFC) [13] and European Communities Commission Regulation (EC) [14] determined that the
maximum Pb and Cd level allowable in fish tissue is
0.3-0.05 mg/kg. The cadmium and lead levels found
in our study are below this level. Additionally, this is
in parallel with other studies in the literature (Fig. 1)
(P<0.05).
Other toxic elements of aluminum, titanium
and barium elements do not have minimum levels for
fish stated in the literature. Aluminum is widely used
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in life. Accumulation of aluminum in the brain
causes neuronal diseases like Alzheimer, Parkinson,
and lateral sclerosis [15]. Our study results show that
the aluminum results from intestinal tissue in fish
from Latvia were high. Titanium is a chemical element not recognized or used by organisms (Fig. 1)
(P<0.05). As a result, it is stored in the body and
causes damage to DNA [16]. A study identified the
element levels in Alburnus tarichi fish species increased over time [17]. There were statistical differences in titanium in the gonad tissue of trout cultivated in Turkey and in the intestine, kidney and muscle tissue of fish from Latvia (Fig. 1) (P<0.05). Barium element compounds are very toxic and dangerous for humans and animals [18] (HSDB). Our study
supports this situation. In both fish groups, Ba levels
were observed to be high, especially in gill tissue.
Additionally, Ba levels were high in the brain and
muscle tissue of fish cultivated in Latvia (Fig. 1)
(P<0.05).

FIGURE 2
Changes in levels of trace elements (Fe, Cu, Zn, Mn, Ni) in some tissues of rainbow trout
grown in Latvia and Turkey
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Water products are very rich sources for a variety of mineral compounds. The total mineral content
of raw meat from fish and invertebrates is 0.6-1.5%
based on wet weight. Additionally, the mineral composition of water products varies according to season, biological differences, region of catch, processing method, nutritional source and environmental conditions [19]. A trace element (Al, As, Ba, Be,
Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, Pb, Sb, Se, Sn, Sr,
Ti, V, and Zn) study by Li et al. on Anguilla marmorata stated the need to continuously monitor element levels in fish [20]. Again, a study of trout from
Northern Iran and the Caspian Sea stated that element levels (Zn, Cu, Ni, Cd and Pb) were not at levels to affect health [21]. In our study, it was observed
that iron had higher levels in liver, kidney and intestines. A very important element for metabolism, zinc
was high in the intestines, gills and kidney tissue of
trout cultivated in Latvia, while there was a statistically significant difference for muscle tissue of trout
cultivated in Turkey (Fig. 2) (P<0.05). Copper is an
important trace element associated with many metalloproteins [22-23]. In this study, the Cu value in liver
tissue was identified to be very high. Manganese is
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necessary due to duties in a variety of enzymes [24].
In this study, the Mn levels in the gonads and intestines of trout cultivated in Latvia were significantly
elevated compared to fish cultivated in Turkey (Fig.
2) (P<0.05). Nickel levels showed statistically significant increases in the intestines, gills, kidney and
brain tissue of fish cultivated in Latvia compared to
trout cultivated in Turkey. Co, a very important element for meta-bolism, showed statistically significant elevation in the kidney and muscle tissue of
trout cultivated in Turkey (Fig. 3) (P<0.05). Chromium is one of the most common elements in the
HDUWK¶V FUXVW DQG VHD >@ 7KH FKURPLXP OHYHOV
found in trout from both countries generally were
parallel to the literature. Deficiency of the essential
element silicon causes bone and collagen disorders
in animals [25]. This study found the Si levels were
statistically significant in the muscle tissue of trout
cultivated in Turkey and in the brain tissue of trout
cultivated in Latvia. The molybdenum trace element
was found to be statistically significant in the liver,
intestine and kidney tissue of rainbow trout cultivated in Latvia and Turkey (Fig. 3) (P<0.05).

FIGURE 3
Changes in levels of trace elements (Co, Mo, Cr, Si, B) in some tissues of rainbow trout
grown in Latvia and Turkey
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FIGURE 4
Changes in the level of macro elements (Na, K, Ca, Mg) in some tissues of
rainbow trout grown in Latvia and Turkey
[3] Kromhout, D., Bosschieter, E.B. and Lezenne,
C.C. (1985) The Inverse Relation Between Fish
Consumption and 20-Year Mortality From Coronary Heart Disease. N Engl J Med. 312, 12051209.
[4] Dural, M., Göksu, M.Z. and Özak, A.A. (2007)
Investigation of heavy metal levels in
economically important fish species captured
from the Tuzla lagoon, Food Chemistry. 102,
415-421.
[5] He, Z.P., Song, J.M., Zhang, N.X., Zhang, P.
and Xu, Y.Y. (2009) Variation characteristics
and ecological risk of heavy metals in the south
Yellow Sea surface sediments. Environ. Monit.
Assess. 157, 515-528.
[6] øOHUL 6 .DUDHU, F., Katip, A. and Onur, S.
(2014) Evaluation of Water Quality in Shallow
Lakes, Uluabat Lake Sample, Journal of Uludag
University Engineering and Architecture
Faculty. 19(1), 47-57.
[7] Alam, M.G.M., Tanaka, A., Allinson, G.,
Laurenson, L.J.B., Stagnitti, F. and Snow, E.T.
(2002) A comparison of trace element
concentrations in cultured and wild carp
(Cyprinus carpio) of lake Kasumigaura, Japan.
Ecotoxicology and Environmental Safety. 53,
348±354
[8] Köse, E. (2007) Investigation of Heavy Metal
Accumulation in Fishes Enne Dam. (Master),
'XPOXSÕQDU 8QLYHUVLW\ ,QVWLWXWH RI 6FLHQFH
Department of Biology.

The macro elements of Na and K are responsible as the basic cation sodium in extracellular fluids
and in regulating the acid-base balance and osmotic
pressure [26]. Other macro elements of Mg and Ca
are the most abundant fourth and fifth cations in organisms [25]. A study of Alburnus tarichi fish stated
the macro element levels were important in terms of
nutrition [27]. In our study, the Na, K, Ca and Mg
levels in both fish types were in accordance with the
values given in the literature (Fig. 4) (P<0.05).

CONCLUSION
Water pollution occurring due to environmental
pollution indirectly affects aqueous organisms and
humans consuming them. In our study, it appears the
toxic metal levels in trout from the two countries
were not at dangerous levels. They were determined
to be nutritious in terms of trace element and macro
element levels.

REFERENCES
[1] .RFDWDú, A. (1997) Ecology and Environmental
Biology, Ege University Printing House
Bornova-ø]PLU 564.
[2] Kasassi, A., Rakimbei, P., Karagiannidis, A.,
Zabaniotou, A., Tsiouvaras, K. and Nastis, A.A.
(2008) Soil contamination by heavy metals:
Measurements from a closed unlined and fill.
Bioresource Technology. 99, 8578.

7043

© by PSP

Volume 27 ± No. 10/2018 pages 7039-7044

Fresenius Environmental Bulletin

[21] Dadar, M., Adel, M., Ferrante, M., Saravi, HN.,
Copat, C. and Conti, G.O. (2016) Potential risk
assessment of trace metals accumulation in
food, water and edible tissue of rainbow trout
(Oncorhynchus mykiss) farmed in Haraz River,
northern Iran. Toxin Rev. 35(3±4), 141±146.
[22] Linder, M.C. (1996) Copper. In: Ziegler EE,
Filer FF Jr: Present Knowledge in Nutrition.7th
edition, Washington DC: ILSI Pres. 307-319.
[23] Yeltekin, A.Ç., Karapinar Z. and Mis L. (2018)
The changes in the levels of elements in sheep
with Contagious Ecthyma. Indian J. Anim. Res.
52 (1), 56-60.
[24] .DQÕúNDQ 1 $oÕNNDOS ( &DQHU 1 DQG
Güven, A. (1996) Basic Chemistry, Ed .: Zor,
L., Anadolu University Publications No. 672,
(VNLúHKLU
[25] Onat, T., Emerk, K.. and Sözmen, E.Y. (2006)
Human Biochemistry. 3DOPH <D\ÕQFÕOÕN
Ankara/ Türkiye. 2, 606-607.
[26] Gürdöl, F. and $GHPR÷OX (  Biochemistry1REHO7ÕS.LWDSHYOHULøVWDQEXO7UNL\H
2, 475-478.
[27] Yeltekin, A.Ç. and 2÷X] $5 (2018) Some
macro and trace elements in various tissues of
Van fish variations according to gender and
weight. Arq. Bras. Med. Vet. Zootec. 70(1),
231-237.

[9] Waalkes, M.P., Anver, M.R. and Diwan, B. A.
(1999) Chronic Toxic and Carcinogenic Effects
RI 2UDO &DGPLXP WKH 1REOH 5DW øQGXFWLRQ RI
Neoplastic and Poliferative Lesions of the
Adrenals, Kidney, Prostate and Tests J Toxicol
Environ Health. 58, 199-214.
[10] Mc Neely, R.N., Dwyer, L. and Neimanis, V.P.
(1979) Water Quality Sorcebook- Aguide to
Water Quality Parameters: Inland Waters
Directorate, Water Quality Branch, Ottawa
Canada, 88.
[11] Qin, D., Jiang, H., Bai, S., Tang, S. and Mou, Z.
(2015) Determination of 28 trace elements in
three farmed cyprinid fish. Food Control. 50.
[12] Naddy, R.B., Cohen, A.S. and Stubblefield,
W.A. (2015) The interactive toxicity of
cadmium, copper, and zinc to Ceriodaphnia
dubia and rainbow trout (Oncorhynchus
mykiss). Environmental Toxicology and
Chemistry. 34, (4), 809±815.
[13] Turkish Food Codex (TFC). (2011) Regulation
on contaminants in foodstuffs. Republic of Turkey Ministry of Food Agriculture and Livestock, Number: 28157, Ankara.
[14] European Communities Commission Regulation (EC). (2006) Setting maximum levels
for certain contaminants in foodstuffs. Offcial
Journal of the European Union, Commission
Regulation No:1881.
[15] Akay, C., Kalman, S., Dundaroz, R., Sayal, A.,
Aydin, A., Ozkan Y. and Gül, H. (2008) Serum
Aluminium Levels in Glue-Sniffer Adolescent
and in Glue Containers. Basic Clin Pharmacol
Toxicol. 102 , 433-6.
[16] Leyens, C. and Peters, M. (2003) ³7LWDQLXP
DQGWLWDQLXPDOOR\V´:LOH\-VCH, 2003.
[17] Yeltekin, A.Ç. and 2÷X]$5  7KH9DU
iations in The Levels of Some Metals in The
Different Tissues of Van Fish (Alburnus
7DUÕFKL Guldenstadt 1814) According to Gender and Weight. Fresen. Environ. Bull. 26, 864.
[18] HSDB. (2007) Barium, elemental. Hazardous
Substances Data Bank. National Library of
Medicine. http://toxnet.nlm.nih.gov/cgi-bin/sis/
htmlgen?HSDB. October 16, 2007
[19] Nurnadia, A.A., Azrina, A., Amin, I., Mohd
Yunus, A.S. and Effendi, H.M.I.(2013) Mineral
Contents of Selected Marine Fish and Shellfish
from the West Coast of Peninsular Malaysia.
International Food Research Journal. 20(1),
431-437.
[20] Li, L., Ren, W., Liu, C., Dong, S. and Zhu, Y.
(2018) Comparing trace element concentrations
in muscle tissue of marbled eel Anguilla
marmorata reared in three different aquaculture
systems. Aquacult Environ Interact. Vol. 10,
13±20.

Received:
Accepted:

29.05.2018
30.07.2018

CORRESPONDING AUTHOR
$VOÕCilingir-Yeltekin
Department of Chemistry,
Faculty of Science,
University of Yuzuncu Yil, 65080, Van, Turkey
e-mail: aslicyeltekin@gmail.com

7044

Volume 27 ± No. 10/2018 pages 7045-7053

© by PSP

Fresenius Environmental Bulletin

DETERMINATION OF ARBUSCULAR MYCORRHIZAL
FUNGI AT DIFFERENT ALTITUDINAL GRADIENTS
Sahin Palta1,*, Ayse Genc-Lermi2, Huseyin Ozturk3
1

Bartin University, Faculty of Forestry, Department of Forest Engineering, Division of Watershed Management,
Subdivision of Range Management, 74100, Bartin, Turkey
2
Bartin University, Vocational School, Department of Herbal and Animal Production, Bartin, Turkey
3
Provincial Directorate of The Ministry of Food, Agriculture and Livestock, Department of Plant Production, Bartin, Turkey

contributed to the scientific knowledge about the
ecologic properties of AMF.

ABSTRACT
Altitude has significant determinative effects
on many ecological processes and ecosystems of
both above-ground and soil organisms. Among those
soil organisms, characeristics of arbuscular mycorrhizal fungi (AMF) are also affected by the altitudinal changes. Hence, the aim of this study is to investigate the effects of AMF spore density within the
different altitudinal gradients. In order to achieve
this aim, soil samples were collected in June and July
of 2016 to use for determining some soil characteristics and for LVRODWLRQ RI $0) LQ %DUWÕQ DQG
Karabük. Four locations from consecutive altitudinal
gradients (0-1500 m; one location from each 500 m
gradient) were selected among those provinces.
From the each location, 10 soil samples were taken.
These soil samples were taken from the rhizosphere
layer; a depth of 0-30 cm for the soil analysis which
involves the analyses of soil texture, actual pH
(H2O), CaCO3, electrical conductivity, organic carbon, total nitrogen and phosphorus, and the AMF
isolation. Consequently, totally 40 soil samples for
AMF isolation and 40 soil samples for soil analyses
were taken. Poaceae family has been selected as pilot
host plant family in this study. Isolation of AMF
from soil was conducted at the Poaceae family
SODQWV¶ UKL]RVSKHUH layers. Botanic composition
(legumes, grasses and other botanical families) was
determined by belt transect method within the research fields. In this research, the relationship between the AMF spore density and some soil characteristics was investigated. AMF were observed in all
of rhizosphere soils. According to the One-Way
Anova test, the density of AMF spore number varied
depending upon the altitudinal gradients. However,
the biodiversity of AMF was not only depend upon
the altitudinal gradients but also upon the soil properties and botanic composition within the study
fields. The highest average number of AMF spores
in 25 grams of soil was 39.18 and the highest number
of AMF genus was 13 at the 500 m asl within the
$UÕWUHJLRQ of %DUWÕQSURYLQFH. The lowest average
number of AMF spores was determined at the 11 m
asl. as 19.10 within the .Õ]ÕONXP UHJLRQ of %DUWÕQ
province. Furthermore, the results of this research

KEYWORDS:
Spore density, Elevation, Soil properties, Botanic composition, Turkey

INTRODUCTION
The host plants uptake more nutrients and water from soil thanks to the symbiotic mutualistic relationships between the plants and arbuscular myycorrhizal fungi (AMF) while AMF uptake some organic matter and carbonhydrates from those host
plants [1, 2, 3, 4]. AMF consume carbon budgets of
their host plants in ratios from 4% up to 20% [5, 6].
It is observed in different regions of the world
that, particularly in the fields with marginal ecological conditions, most of the plants have sustained vital
activities despite their extremely low soil organic
matter and moisture availability conditions. Until recently, it was thought that plant nutrients which have
low nutrient extraction level from the soil, could
only be extracted from plant roots. As a result of the
recent studies, it has been determined that fungus,
DOVR QDPHG ³P\FRUUKL]D´ ZKLFK FDQ RQO\ EH RE
served under the microscope and are able to densely
produce hif, play a crucial role in the process of nutrient extraction besides plant roots [7, 8, 9, 10, 11].
AMF have arbuscules inside root cortex, intraextraradical hyphae and vesicles that are nutrient and
fat storage of fungi [12, 13]. The hyphae of AMF are
superior to the root hair because they are dense, very
thin and long [14].
AMF are obligate biotrophic, that is, they can
germinate in different environmental and soil conditions but they can not reproduce without host plants
[15, 16, 17].
Mycorrhiza increases the tolerance of host
plants against drought in areas where soil moisture is
low.AMF can supply the soil moisture which is far
from the plant root thanks to the spread of their hyphae throughout the soil [18, 19]. AMF provide more
moisture and dissolved plant nutrients to the host
plants by enlarging the rhizosphere zone of the host
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important role in the development and sustainability
of vegetation within these areas [34].
AM fungi are very important for the plants and
widespread in the world but the scientific knowledge
about the ecology of their biodiversity is relatively
scarce at global and local scales [35]. One of the
ways in order to determine the biodiversity of the
AMF under different environmental conditions, is to
compare the community compositions for the different altitudinal gradients [36, 37].
The studies on ecology of native arbuscular
mycorrhizal fungi are relatively insufficient in Turkey. The aim of this study is to investigate the effects
of spore density of native arbuscular mycorrhizal
fungi (AMF) within the different altitudinal gradients. Soil samples were collected during the dry season in order to use for the determination of several
soil characteristics and for the identification of AMF
withLQ %DUWÕQ DQG .DUDEN SURYLQFHV Besides, the
correlation among the AMF spor density and the soil
characteristics together with the botanic composition
was investigated for this study.

plant. The AMF protect the host plants against the
adverse effects of soil-borne pathogens [20, 21]. In
addition, AMF contribute to the rehabilitation of the
soil structure [22] and diminish the losses of plant
nutrients from the top soil due to the leaching [23].
When phosphorus content is low in the soil, the dependence of the host plants on the AM fungi increases [24].
Extraradical hyphae of AMF stimulate to the
soil aggregation in such a way that the hyphae surround the soil aggregates as a network. Moreover,
the hyphae improve the soil aggregates structure
through their secretion, which has hydrophobic adhesive properties. It was stated that the hyphae of
AMF could stand for a long time in soil since the
structure of their flaments is large and thick in diameter [25].
Phosphorus and nitrogen are the major elements within the Turkish soils, that limit the cultivation and productivity. However, injecting them into
the soil in the form of synthetic fertilizers, not only
leads to the environmental degradation and increases
the production costs, but also causes many other
harmful effects. On the other hand, the introduction
of plant nutrients to the plants through the biological
methods, is both a low-cost and relatively natural application [26].
Many areas which suffer afforestation difficulties, are exposed to the soil erosion due to some failure and infertility problems in the soil structure together with the difficulty in afforestation due to inefficiency of land structure and land conditions. Especially, soil protective plants are preferred to prevent erosion. By means of the mycorrhizal inoculation of the plants that will be used to prevent erosion,
the plants would have a more dense root system and,
thus the success of the applications carried out is also
increasing [27].
AMF species, under overgrazing pressure, can
have different competitive and tolerance capabilities. It was impressed that AMF were sensitive to the
overgrazing except Glomus species in Mongolian
Steppe [28, 29, 30]. Besides, it was stated that,
among the AMF species, G. intraradices, G. geosporum, G. mosseae and G. fasciculatum were relatively sensitive to the overgrazing, yet G. ambisporum, G. albidum, G. etunicatum and G. aggregatum were not sensitive [31].
Picone [32] stated that the AM fungi with small
spores undergo relatively less seasonal change than
large spores. Acaulospora and Glomus are mainly
the AM fungi with small spores [33]. On the other
hand, G. microaggregatum, G. intraradices and G.
clarum are the most prevalent of the Glomus species.
It is adressed that these fungi species are important
components of arid and warm environmental conditions. In particular, it was reported that the AM fungi
with small spores are relatively more adapted to
those arid and warm conditions, and have an

MATERIALS AND METHODS
Site Description. In this study, four locations
from the different altitudinal gradients (Büyük
.Õ]ÕONXPP asl.$UÕWPasl. LQ%DUWÕQSURY
ince together with Sülük 1000 m asl. and 6RIXR÷OX
1500 m asl. in Karabük province) were selected.
Study fields were selected inside the pastures and
rangelands. The Poaceae family plants were prefered
as the pilot host plant family. The city center of the
%DUWÕQ3URYLQFHLVORFDWHG at the average 25 m asl.
ZLWKLQWKHƍ1RUWKHUQODWLWXGHVDQGƍ(DVW
ern longitudes. The city center of Karabük Province
is at the average 278 m asl. and, is located within the
40° 57' and 41° 34' Northern latitudes and 32° 04'
and 33° 06' Eastern longitudes [38]. The mean maximum temperatures of the .DUDENDQG%DUWÕQ3URY
inces are 34.2°C and 22.2°C respectively. The mean
minimum temperatures of the .DUDEN DQG %DUWÕQ
Provinces are -0.3°C and 4.1°C, respectively. The
annual average precipitation of the %DUWÕQ and
Karabük Provinces are 1044 mm and 394 mm, respectively [39, 40, 41].
Soil Sampling. In order to isolate the AMF
spores from the rhizosphere soil of Poaceae family
plants, the soil samples were collected from the 0-30
cm depths in June and July (2016). Ten soil samples
for the AMF isolation and ten soil samples for the
soil analyses were gathered from each study fields.
Then, the gathered soil samples were put in polyethylene bags and stored at +4°C until the isolation of
the AMF spores.
Soil Analysis. The particle size distribution of
the soil was determined based on Bouyoucous
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RESULTS AND DISCUSSION

hidrometer method [42]. The soil texture was defined based on the international particle size distribution classes [43, 44]. The pH (H2O) was identified
in 1:2.5 soil/water suspension [43, 44, 45, 46]. The
electrical conductivity (EC) in 1:5 soil/water suspension was determined by the EC meter [47]. The analyses of soil organic carbon and total nitrogen were
conducted by applying the Walkley-Black wet oxidation method and the Kjeldahl method, respectively
[48, 49]. The available phosphorus and available potassium were defined dependent upon the methods
of [50] and [51], respectively. The CaCO3 content
was analyzed according to the Scheibler calcimeter
method [52].

Soil Analysis. All the physical and chemical
characteristics of soil differed significantly among
the studied areas except the electrical conductivity.
The mean highest values of available phosphorous
3  DQG RUJDQLF FDUERQ ZHUH GHWHUPLQHG LQ $UÕW
while the mean highest values of total nitrogen (N)
and available potassium (K) were determined in
6RIXR÷OX For the partical size distribution, we defined the mean highest values of sand and the mean
lowest values of silt and clay in the .Õ]ÕONXP. Moreover, the mean highest values of CaCO3 content and
pH, and the mean lowest values of available phosphorous (P), organic carbon, total nitrogen (N) and
available SRWDVVLXP .  ZHUH IRXQG LQ .Õ]ÕONXP
(Table 1).
According to the results of the pH values,
.Õ]ÕONXP ZDV VOLJWO\ DONDOLQH DQG WKH RWKHUV ZHUH
slightly acidic. The pH value was slightly alkaline in
.Õ]ÕONXPVLQFHWKLVVWXG\ILHOGLVFORVHWRWKHFRDVW
and its lime content was higher than that of the others.
The average lowest values of organic matter,
available phosphorus, available potassium and total
QLWURJHQ YDOXHV ZHUH IRXQG LQ .Õ]ÕONXP %HFDXVH
the texture of the soil was loamy sand in this study
field. [46] adressed that these soils had high drainage
and low water holding capacity due to their high
sand content and low clay content. Thus, these soils
offer low nutrients in terms of plant nutrition.

Vegetation Analysis. Canopy coverage and
botanic composition were determined based on the
belt transect method. In this method, a transect line
was assumed and the analysis was practiced along
that line by measuring the distance of plants which
is under the line and contact with line [53].
Isolation and identification of Arbuscular
Mycorrhizal Fungi. The AMF spores were isolated
through the wet sieving method [54, 55, 56], and the
genus of spores were identified under the microscope based on the classical practised method [57,
58].
Statistical Analysis. The Pearson correlation
analysis was performed in order to determine the relationships among the spore density of AMF together with the botanic composition and the soil
characteristics. The one-way ANOVA was applied
in order to define whether there is any difference in
terms of the soil characteristics, the botanic composition and the AMF spore density among the study
areas. According to the results of the one-way
ANOVA (P<0.05), the Duncan test was practiced in
order to identify the significance of difference
among the study areas [59].

Vegetation Analysis. The canopy coverage ratios of $UÕW6ONDQG6RIXR÷OXZHUHIRXQGDV
ZKLOHLWZDVIRXQGDVIRU.Õ]ÕONXP7KHUHD
son of this situation was assumed to be the overgrazing and to be the very poor soil properties in
.Õ]ÕONXPILHOG

TABLE 1
Mean of chemical and physical soil properties (mean ± SD, n = 10) of the study fields.
Soil Characteristics
Sand (%)
Clay (%)
Silt (%)
Soil texture
CaCO3 (%)
pH(H2O)
Electrical conductivity (dS m-1)
Organic carbon (%)
Available P (ppm)
Total N (mg/lt)
Available K (ppm)

.Õ]ÕONXP
81.60(±3.09)a
12.20(±1.75)a
6.20(±1.75)a
Loamy Sand
13.85(±0.79)a
7.12(±0.06)a
0.01(±0.00)a
2.04(±0.82)a
8.04(±4.01)a
0.24(±0.11)a
151.9(±7.09)a

$UÕW
40.90(±7.00)b
32.00(±5.45)b
27.10(±2.70)b
Sandy Loam
2.66(±0.21)b
6.28(±0.22)b
0.05(±0.02)a
9.94(±2.78)b
11.94(±2.55)b
0.46(±0.04)b
327.4(±12.06)b

Sülük
40.80(±3.42)b
32.20(±12.12)b
27.00(±12.93)b
Sandy Loam
2.77(±0.19)b
6.76(±0.0.07)c
0.07(±0.01)a
4.87(±1.05)c
9.56(±0.68)a
0.32(±0.02)a
407.0(±50.12)b

6RIXR÷OX
42.40(±3.09)b
38.40(±2.69)b
19.20(±1.93)c
Sandy Clay Loam
2.39(±0.26)b
6.80(±0.08)c
0.07(±0.02)a
9.80(±1.56)b
10.64(±3.40)b
0.52(±0.07)b
652.8(±32.30)c

The values in the same row that are followed by the different letters demonstrate significant (p<0.05) differences
among those means.
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TABLE 2
Mean of botanic composition (mean ± SD, n = 10) of the study areas.
Botanic Composition
Leguminoseae (%)
Gramineae (%)
Other Plant Families (%)

.Õ]ÕONXP
8.01(±2.58)a
53.01(±9.77)a
38.98(±2.58)a

$UÕW
32.14(±7.14)b
36.91(±6.32)b
30.95(±2.10)b

Sülük
35.10(±4.08)b
44.71(±9.12)a
20.19(±8.81)a

6RIXR÷OX
12.01(±4.21)a
46.30(±8.23)a
41.69(±7.37)c

The values in the same row that are followed by the different letters demonstrate significant (p<0.05) differences
among those means.

FIGURE 1
Isolated AMF spores of studied areas: 1) Ambispora sp. (39 μ), 2) Cetraspora sp. (100 μ), 3) Acaulospora sp.
(75x150μ), 4) Archaespora sp. (55 μ), 5) Claroideoglomus sp. (50x150 μ), 6) Dentiscutata sp. (183x225 μ), 7)
Funneliformis sp. (100 μ), 8) Gigaspora sp. (200 μ), 9) Gigaspora sp. (250x350 μ), 10) Glomus sp. (75 μ), 11)
Glomus sp. (45x75 μ), 12) Scutellospora sp. (145 μ), 13) Gigaspora sp. (320x340 μ), 14) Racocetra sp. (38x75
μ), 15) Rhizoglomus (100 μ), 16) Septoglomus sp. (45 μ), 17) Sclerocystis sp. (57 μ), 18) Diversispora sp. (186
μ), 19) Claroideoglomus sp. (132 μ), 20) Glomus sp. (41 μ).

pasture and rangeland management strategies for the
studied fields.

The mean highest percentage values of botanic
composition were determined for the Poaceae family
whereas the mean lowest percentage values were
IRXQGIRUWKH/HJXPLQRVHDHIDPLO\LQ.Õ]ÕONXP7KH
mean highest percentage values were detected for
the Leguminoseae plants and the mean lowest percentage values were identified for the other plant
families in Sülük (Table 2).
According to the results, the botanic composition values differed among the studied fields. The
reason for this situation is assumed to be due to the
altitudinal gradients, and associated climate, soil
properties, exposure, and alternative and variable

Arbuscular Mycorrhizal Fungi. Arbuscular
mycorrhizal fungi were found with varied number
for all of the collected soil samples. The mean numEHUV RI WKH $0) LQ .Õ]ÕONXP $UÕW 6ON DQG
6RIXR÷OX ZHUH FRXQWHG DV    DQG
24.80 in 25 gram of soil. 5 family and 10 genus such
as Acaulosporaceae (1), Ambisporaceae (1), Claroideo-Glomeraceae (1), Gigasporaceae (3), Glomeraceae (4) iQ.Õ]ÕONXPIDPLO\DQGJHQXVVXFK
as Archaeosporaceae (1), Ambisporaceae (1),
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microorganisms varies depending upon many factors. One of the most important of these factors is the
soil texture. Low moisture retention capacity directly
affects microorganism activities negatively in sandy
soils. Another important factor is the amount of photosynthetic products of plants. Because, AM fungi
sustain their vital activities by utilizing carbon from
the photosynthetic products of the host plants. Under
the condition of the plant nutrient deficiency, the
amount of photosynthetic products reduces also. In
this study, it was determined that the total nitrogen,
available phosphorus content and available potasVLXPFRQWHQWZHUHORZLQ.Õ]ÕONXPZKHUHthe soils
were containing high percentage of sandand were
generally loamy sand. The limitation of the plant
growth limits the growth of AM fungi also. Therefore, the $0) VSRUH GHQVLW\ ZDV ORZ LQ .Õ]ÕONXP
compared to the other fields. It was adressed that the
growth of AM fungi slowed down and diminished
when their carbon source decreased depending upon
the host plant [69, 70]. Besides, it was stated that the
growth of the AMF and the growth of the host plant
were generally in balance and correlated [71].
Significant negative correlation was found between the AMF spore density and pH(H2O) of the
soils. It was impressed that, although the mycorrhiza
spores could reproduce in all soil reactions, the maximum growth of spores of AMF were for the pH of
between 6 and 7 of [72]. In addition, it was pointed
out that the AM fungi vary based on the soil pH [73,
74]. Besides, it was stated that the biodiversity of
AM fungi was affected by soil texture and soil pH
[75, 76].
Positive correlations was found among the
AMF spore density and clay content, silt content, organic matter content of the soils and the percentage
of Leguminoseae. If the clay, silt and organic matter
content of the soils increase, the soil fertility increases, also. The moisture retention capacity of the
soils and cation exchange capacity of the soil increases associated with the increasing clay and silt
content of soils. Moreover, if the organic matter content of the soils increase, the amount of plant nutrients increases in the soils also [46]. Thus, the growth
of plants rise dependent upon these factors. The carbon budgets of plants increase leading to the better
plant growth based on the soil characteristics.
Thereby, the vital activities and the density of spores
of AMF increase depending upon the host plant
growth. Positive correlations were found among the
AMF spore density and percentage of Legumes. The
free nitrogen of the air is fixed by the nitrobacteria
that establish symbiotic relationship with the legumes. When the legumes perish, the remains of these
plants compose in soils and, hence the organic matter
content and the total nitrogen content of soils improve. It was adressed that the soil properties
strongly affected the soil fungi [63, 68, 67, 77, 78].
It was impressed that the AMF community composition was influenced by the soil properties (soil

Acaulosporaceae (1), Claroideo-Glomeraceae (1),
*LJDVSRUDFHDH  *ORPHUDFHDH  LQ$UÕWIDPLO\
and 12 genus such as Archaeosporaceae (1), Ambisporaceae (1), Acaulosporaceae (1), ClaroideoGlomeraceae (1), Diversisporaceae (1), Gigasporaceae (2), Glomeraceae (4) Paraglomeraceae (1) in
Sülük and 5 family and 10 genus such as Acaulosporaceae (1), Claroideo-Glomeraceae (1), Diversisporaceae (1), Gigasporaceae (3), Glomeraceae (4) in
6RIXR÷OX ZHUH GLDJQRVHG ZLWKLQ WKH VWXGLHG ILHOGV
(Fig. 1).
In this study, the dominant AMF genus were
Glomus, Claroideoglomus and Acaulospora, respectively. In accordance with this study, the most prevalent of AMF genus were found Glomus and Acaulospora under the coffee trees [60, 61, 62, 63]. The
dominant family was found as Glomeraceae and
Acaulosporaceae in this study. In accordance with
this study, Acaulosporaceae and Glomeraceae were
identified as the dominant families within the Tibetan altitudinal gradient fields [64].
The community composition of the AMF spore
was substatially varied for the different altitudinal
gradients [65, 66]. In accordance with the previous
studies, the density of spores and biodiversity of arbuscular mycorrhizal fungi varied depending upon
the different altitudinal gradients in this study. However, in some studies, there was no variation between
the AMF biodiversity and the different altitudinal
gradients [63, 67, 68]. Lugo et al. [65] stated that the
biodiversity and spore density of AMF were negatively correlated with the increasing altitudinal gradients from 3,320 m asl. up to 3,870 m asl.
The Pearson correlation analysis was performed in order to determine the relationships
among the spore density of AMF together with the
botanic composition and the soil characteristics. According to the results, negative correlation was found
among AMF spore density and pH (r=-0.707,
p=0.000), CaCO3 (r= -0.724, p=0.000), sand content
(r= -0.750, p=0.000) of soils and the percentage of
Gramineae (r= -0.460, p=0.003). On the other hand,
positive correlations were found among the AMF
spore density and clay content (r=0.440, p=0.004),
silt content (r=0.714, p=0.000), organic matter content (r=0,332, p=0,036) of the soils and the percentage of Leguminoseae (r= 0.907, p=0.000).
The highest negative correlation was found between AMF spores density and sand content of soils
Organic matter content was low in the soils with high
sand content similar with this study. The drainage of
the soil was high and the moisture retention capacity
of the soil was low due to the high sand content. Furthermore, the plant nutrient content of the sandy soils
was low such as the organic carbon, total nitrogen,
available phosphorus and available potassium,
which is compatible with this study [46]. The sandy
soils negatively affect the growth of plants due to the
low moisture retention capacity and due to the leaching of the soil nutrients. The existence of soil
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CONCLUSIONS
The main results of this study; (1) The AMF
was found in varied genus in all soil samples collected throughout the studied fields. According to
the One-Way Anova test, the density of spores of arbuscular mycorrhizal fungi varied depending upon
the changing altitudinal gradients. However, the biodiversity of AMF was not only based on the altitudinal gradients but also it was based on the soil properties and botanic composition in the study fields.
Because, it was determined that the botanic composition, some physical and chemical properties of the
soil changed with alternating altitudinal gradients.
(2) According to some physical and chemical properties of the soil, it was defined that the values of organic carbon, total nitrogen, available phosphorus
DQGDYDLODEOHSRWDVVLXPZHUHKLJKLQ$UÕW6ONDQG
6RIXR÷OX7KHUHIRUHWKHUHDUHQRQHJDWLYHIDFWRUVLQ
terms of soil caharacteristics preventing the growth
of plants within these fields. On the other hand, the
values of organic carbon, total nitrogen, available
phosphorus and available potassium were low in
.Õ]ÕONXP. In addition, the drainage of soil was high
and the moisture retention capacity of the soil was
ORZGXHWRWKHKLJKVDQGFRQWHQWLQ.Õ]Õlkum. These
data showed that the soil characteristics limited the
growth of plants LQ.Õ]ÕONXPwhen compared to the
soil characteristics of the other fields. Thus, it was
thought that the AMF development was also negatively affected. (3) The use of arbuscular mycorrhizal fungi in the rangeland rehabilitation and in the
plantation applications before afforestation, will increase the success of these without damaging the
ecosystem. The scientific researches are relatively
insufficient on the identification of natural arbuscular mycorrhizal fungus species and their ecologies in
Turkey. Consequently, in order to use native arbuscular mycorrhizal fungi in range rehabilitation, soil
conservation and plantation practices, the possibilities of identification, reproduction and commercialization of AMF species should be investigated.
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Egypt. There are some effective factors in these regions caused soil salinization including low rainfall,
poor drainage, high evaporation rate, poor irrigation
water, which contains considerable amounts of salts
that accumulate in the soil surface layer. The excessive evaporation leads to capillarity rise of salts from
underground water into the root zone and caused
negative effects on the absorption capacity of the
roots [1]. The reduction in plant growth and yield under salt stress due to the increment in the water use
efficiency and the changes in metabolic processes [2,
3]. There are three reasons affect the growth of plants
under salt stress; the deficiency of water which
caused the reduction in the water potential in the rhizosphere, the toxicity of sodium and chloride ions,
the reduction in the uptake and transport of ions from
root to shoot which caused the imbalance of nutrients
[4]. In the arable lands, the increase in the salinization lead to severe damaging effects that are expected to result in as high as 50% loss by the year
2050 [5]. Accordingly, the development of salt-tolerant crop plants via plant breeding and/or genetic
transformation should be given more attention [6, 7].
The plant can tolerate abiotic and biotic stress
by the accumulation of osmolytes compounds which
have a low molecular weight, which helps in the
maintenance of cell turgor pressure. These compatible solutes include osmoregulation such as, proline,
soluble sugars, amino acids and sugar alcohols (mannitol and sorbitol). The accumulation of these compatible solutes plays an important role in the scavengers of free radical and the protection of macromolecules and enzymes in plants [8, 9]. The plants can
adapt the salt stress by making morphological, physiological, biochemical and anatomical changes. The
morphological and anatomical attributes decreased
under salt stress conditions [10, 11]. Salt stress
caused the reduction in the length of the vascular
bundle, the xylem rows, the number of vessels, the
epidermis and cortex thickness and the diameter of
vascular bundle [12, 13].
Trehalose (Tre) is a non-reducing disaccharide
of glucose which helps the plants to overcome an
abiotic stress and act as osmoprotectant and free radical scavenger [14, 15]. Exogenous application of

ABSTRACT
Salt stress is considered one of the most serious
problems reducing the agricultural productivity. This
experiment was conducted to evaluate the effect of
foliar treatment of trehalose either separately or in
combinations with salt stress on growth, grain yield
and some biochemical constituents of four wheat
cultivars (Giza 168, Gemiza-10, sids-12 and Sakha94). Results revealed that, irrigation of wheat plants
with sodium chloride (200 Mm) caused reduction in
all growth parameters, yield components and some
anatomical features of the leaves, particularly in the
most sensitive cultivars (Giza 168 & Sads 12) but
these parameters were non significantly effect in the
other cultivars (Gemiza 10 & Sakha 94) which considered tolerant cultivars. In addition, amino acid
and sugar fraction of the shoots of wheat cultivars
showed significantly increased in all cultivars under
salt stress. The most pronounced increases were recorded in the tolerant cultivars (Gemiza 10 & Sakha
94). Also, total carbohydrates and total soluble protein contents of the yielded grains were significantly
decreased, but endogenous trehalose content was
significantly increased under salt stress particularly
in the sensitive cultivars. Treating wheat plants with
10 mM trehalsoe mitigate the adverse effect of salt
stress and led to obvious increases in all the mentioned parameters, either in non stressed and salt
stressed plants as compared with control plants.
Based on the obtained results, trehalose can be used
as effective osmportectant in alleviating the deleterious effect of salt stress in wheat plants.
KEYWORDS:
Salt stress, trehalose, wheat, amino acids, sugar, anatomical features.

INTRODUCTION
Salt stress is considered one of the serious problems, reducing the agricultural productivity particularly in the arid and semiarid regions, including
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analysed using a gas chromatograph mass spectrometer. Column size: (4.6 mm I.D.-250 mm) × 2, Mobile phase: Acetonitrile / H2O = 75/25, Flow rate: 1.0
ml/min, Temperature: 50°C, Detection: RI). Derivatives of standard monosaccharides, disaccharides
and sugar alcohols were used as standard.

Tre caused the changes in the metabolism of sugar,
protects the plants from desiccation by replacing water and maintains proteins, enzymes from aggregation, and lipid membranes [16, 17].
Wheat is belonging to food cereal in Egypt.
However, Egypt cultivates only 40% of its requirements for wheat [18]. Therefore, it is very important
to increase the cultivation and production of wheat
yield. So that, it is necessary to increase the wheat
genotypes that tolerate the environmental stress, especially salt stress [19]. Moreover, wheat is classified as a moderate salt-tolerant crop and is considered the most important cereals in a lot of countries
in the world which suffer from salt stress [20].
The purpose of this study is to assess the
changes in vegetative growth, grains yield and its
constituents, biochemical constituents and anatomical aspects of four cultivars of wheat plants under
salt stress conditions and to investigate the beneficial
effect of trehalose application in sustaining the salt
tolerance capacity of such stressed wheat plants.

Determination of amino acid fractions. The
Amino Acid Analyzer used to determine amino acid
fractions in shoots of wheat plants [22]. Essential
and non-essential amino acids were injected as
standard.
Anatomical studies. Formalin-Acid-Alcohol
(FAA) solution were used to make fixation to the
leaves of wheat plants and then made transverse sections using the microtome. The sections were stained
with safranin [23].
Determination of total carbohydrates. The
phenol-sulphuric acid method used to determine total carbohydrate according to Dubois et al. [24] in
shoots of wheat plants. The absorbance read at 490
nm using spectrophotometer.

MATERIAL AND METHODS

Determination of trehalose. Trehalose content in yielded grains of wheat plants was determined
using anthrone reagent as described by Li et al. [25]
with some modifications. The absorbance was recorded at 630 nm using spectrophotometer.

In this study, four wheat cultivars (Giza 168,
Gemiza-10, sids-12 and Sakha-94) were used. Wheat
grains (Triticum aestivum L.) were obtained from the
Agriculture Research Center, Ministry of Agriculture, Giza, Egypt. Pot experiment was conducted in
the greenhouse of Botany Department, Faculty of
Education, Ain Shams University. Each pot (30 cm
diameter) filled with about 4 kg of loam based garden soil. Twelve uniform wheat grains were sown at
23 November 2016 at 2-3 cm depth in each pot and
when emergence was complete (~7days), the seedlings were thinned to nine seedlings/ pot. The experiment was conducted under natural conditions (day
length 12 - 14 hrs, at 20 - 22ºC and 70% humidity).
Irrigation with salt water in the form of sodium
chloride (200 mM NaCl), applied at 21 days after
sowing and maintained for 90 days. Irrigation was
performed as follows; 3 times with saline solutions
and one with tap water. Plants were sprayed with 20
ml/plant of trehalose concentrations (0 and 10 mM)
after 40 and 50 days of sowing. At 70 days after sowing samples were taken for determination of morphological criteria in addition to some anatomical
and biochemical measurements. At harvest, ten
plants were taken randomly from each treatment to
determine some yield components (spike length, No.
of spikelets / spike, No. of grains / spike, spike
weight, weight of grains / spike and weight of 100
grains) and some yield constituents.

Determination of Total Soluble Protein.
Yielded grains of wheat plants were ground in sodium phosphate buffer at pH 6.5. Folin reagent used
to determine the total soluble protein content [26].
The quantity of total soluble protein was calculated
according to the standard curve of bovine serum albumin and expressed as mg g±1 fresh weight.
Statistical analysis. All data were analyzed using analysis of variance (ANOVA) [27]. The difference between means was compared statistically using Least Significant Difference (LSD) test at 5%.

RESULTS
Effect of salt stress and trehalose on morphological criteria. Salt stress caused significant
decreases in shoot and root lengths, number of
leaves, fresh and dry weights of shoot and root in two
wheat cultivars (Giza 168 and Sads 12) but caused
non significant effects in the same parameters in the
other cultivars (Gemiza 10 and Sakha 94) as compared to control plants (Table 1).
In addition, all the above parameters were significantly increased after treatment with trehalose as
compared with control plants and salt stressed plants.
From the morphological criteria, the two cultivars
(Gemiza 10 and Sakha 94) may be considered as

Biochemical analysis. Determination of
sugar fraction. Soluble sugars from dry shoots of
wheat plants were determined according to Bartolozzi et al. [21] and extracted using acetonitrile/water (1:1, v/v) for 2 min. Soluble sugars were
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TABLE 1
Effect of foliar spray with trehalose on morphological characters of wheat plant under
salt stress conditions.
Cultivar
Giza 168

Gemiza 10

Sads 12

Sakha 94

L.S.D at 5%

Treatments
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
2.84

Shoot length
(cm)

Root length
(cm)

No.
of
leaves

FW
of
shoot (g)

DW
of
shoot (g)

FW
of
root (g)

DW of root
(g)

47.3

29.5

5.0

2.10

0.68

0.48

0.11

27.0

16.8

4.3

0.73

0.28

0.30

0.06

60.8

37.8

5.0

1.69

0.70

0.54

0.15

53.5
38.5
39.3

31.5
25.3
26.0

4.5
5.3
5.5

1.11
1.33
1.44

0.46
0.42
0.44

0.52
0.35
0.38

0.12
0.08
0.10

48.0

35.0

5.0

2.24

0.86

0.51

0.14

44.0
41.0
23.5

30.0
19.5
24.0

4.5
4.5
5.8

2.22
1.17
0.71

0.74
0.35
0.25

0.42
0.28
0.20

0.13
0.04
0.03

39.0

21.0

5.0

1.52

0.45

0.47

0.11

49.8
42.2
44.5

22.3
21.0
24.2

5.0
5.0
5.2

2.20
1.71
1.85

0.78
0.73
0.76

0.44
0.36
0.35

0.06
0.11
0.12

59.0

37.2

5.7

3.70

0.95

0.45

0.15

55.0
1.84

35.5
0.12

4.7
0.22

3.00
0.06

0.88
0.03

0.41
0.01

0.14

TABLE 2
Effect of foliar spray with trehalose on sugar fraction (μg g -1 DW) in shoots of wheat plant under
salt stress conditions.
Total soluble
sugars

Cultivar

Treatments

Xylose

Sorbitol

Mannitol

Glactose

Glucose

Sucrose

Fructose

Giza 168

Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
0.63

14.7

12.0

11.0

10.0

12.7

12.1

14.5

87.0

9.7

12.9

11.7

7.2

11.9

10.3

13.0

76.7

13.1

13.3

12.5

10.2

15.5

13.2

16.6

94.4

9.8
12.5
13.3

13.0
12.9
13.8

12.1
10.0
11.0

7.5
10.0
11.2

14.6
14.2
15.8

12.4
12.3
13.6

15.8
16.2
17.8

85.2
88.1
96.5

14.5

14.5

12.1

12.9

16.7

14.8

18.2

103.7

13.9
14.5
13.9

14.0
11.5
12.0

11.8
12.5
13.6

11.9
11.8
10.2

16.0
13.7
12.8

14.0
13.5
12.9

17.5
11.2
9.5

99.1
88.7
84.9

15.5

13.1

14.5

12.9

14.2

14.0

12.5

96.7

14.9
15.2
16.5

12.6
14.4
15.3

13.9
13.2
14.9

12.5
12.5
13.8

13.9
11.4
12.9

13.9
12.0
13.6

11.9
15.9
16.3

93.6
94.6
103.3

18.1

16.5

16.1

15.1

14.2

15.9

18.2

114.1

17.0
0.40

16.2
0.49

15.9
0.63

14.6
0.41

13.7
0.37

14.8
0.75

17.2
2.7

109.4

Gemiza 10

Sads 12

Sakha 94

L.S.D at 5%

such as glucose, fructose, galactose and xylose, disaccharides such as sucrose ant the total soluble sugars in shoots of the two cultivars of wheat (Giza 168
and Sads 12) but caused significantly increased in
sugar alcohols (sorbitol and mannitol) as compared
to control plants. On the ther hand, all sugar fractions

tolerant to salt stress, while the other cultivars may
considered as sensitive one.
Effect of salt stress and trehalose on sugar
fractions. Table (2) showed that salt stress caused a
significant reduction in the monosaccharides content
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TABLE 3
Effect of foliar spray with trehalose on amino acid fraction (mg 100 g-1 DW) of shoots of wheat plant
under salt stress conditions.
L.S.D at 5%

Salt+
Trehalose

Trehalose
10 mM

Salt
200 mM

Control

Salt+
Trehalose

Trehalose
10 mM

Sakha 94
Salt
200 mM

Control

Salt+
Trehalose

Sads 12
Trehalose
10 mM

Salt
200 mM

Control

Salt+
Trehalose

Gemiza 10
Trehalose
10 mM

Salt
200 mM

Amino
acids

Giza 168
Control

Cultivar
Treatments

Aspartic
acid

5.2

6.4

8.4

7.1

8.5

9.3

11.5

10.2 7.5

8.0

10.5 9.4

6.1

8.0

10.3

9.5

0.49

Threounine*

3.6

4.1

4.8

4.5

3.8

4.4

6.6

5.3

4.0

5.1

6.2

4.5

3.6

4.8

7.1

6.3

0.30

Serine

4.0

5.3

5.2

4.9

5.1

7.2

9.4

8.1

4.6

5.9

7.0

5.1

4.9

5.6

8.3

7.5

0.43

Glutamic

44.7 55.6

56.8

56.5 45.7 55.0

47.9

46.6 24.0 45.6 35.1 36.1 18.5 27.8

20.8

20.0 3.80

Proline

45.5 72.3

75.5

73.2 54.6 67.6

86.8

75.5 51.5 71.0 82.6 79.5 61.3 71.2

82.6

81.8 3.30

Glycine

3.3

4.6

4.5

4.2

4.3

5.2

7.4

6.1

4.2

5.9

7.0

6.7

5.6

6.2

8.9

8.1

0.44

Cystine

3.1

5.4

4.3

4.0

2.5

3.6

5.8

4.5

1.1

2.3

3.4

1.6

2.2

4.2

6.5

5.7

0.44

Alanine

3.2

4.8

4.4

4.1

7.1

8.4

10.6

9.3

5.1

6.4

7.5

5.6

3.1

6.5

8.8

8.0

0.62

Valine*

2.1

4.3

5.5

5.2

4.4

5.5

6.6

5.3

5.3

4.1

6.4

5.6

7.5

8.2

9.8

9.0

0.54

Methionine*

0.5

1.3

1.5

1.2

0.5

1.4

2.7

2.1

0.5

1.5

1.6

1.0

1.3

1.8

3.6

2.8

0.24

Leucine*

3.4

4.4

4.6

4.3

3.6

5.5

7.7

6.4

2.3

4.3

4.1

4.8

3.3

5.7

8.0

7.2

0.46

Isoleucine*

3.3

5.1

4.5

4.2

7.2

9.2

9.4

8.1

4.4

6.1

7.2

5.9

6.5

7.2

8.8

8.0

0.52

Phenylalnine*

3.9

5.9

7.1

6.8

1.2

2.7

3.4

2.1

1.1

1.9

2.2

1.4

2.4

3.9

4.7

3.9

0.53

Tyrosine

2.2

3.3

4.5

4.2

2.9

4.2

6.4

5.1

3.9

4.9

5.0

4.4

5.8

7.1

8.1

7.3

0.45

Histidine*

1.3

3.4

4.6

4.3

2.6

5.6

4.8

3.5

2.1

2.9

4.0

3.6

4.0

5.4

6.3

5.5

0.38

Lysine*

7.6

8.2

8.8

8.5

9.1

11.1

11.3

10.0 5.3

7.1

8.2

5.8

9.9

11.6

13.9

13.1 0.67

NH4

11.4 14.1

10.0

12.0 10.6 14.1

12.2

11.2 8.3

10.9 7.0

9.0

12.5 14.4

11.1

13.3 0.59

1.7

3.2

2.9

4.6

3.3

5.2

6.6

2.9

6.0

5.2

27.4 40.6

44.6

41.9 34.8 49.3

57.1

46.1 29.4 38.2 47.2 39.2 41.4 53.5

68.2

61.0 3.10

123

172

174

170

143

177

198

177

110

161

165

157

119

151

165

161

6.50

150

212

218

212

177

226

255

223

140

199

212

197

160

205

234

222

8.70

Arginine*
Essential
AA*
Non essential
AA
Total AA

3.9

2.4

3.9

and the total soluble sugars were significantly increased in the shoots of the other cultivars (Gemiza
10 and Sakha 94) as compared to corresponding controls. In addition, foliar application of trehalose
caused increment in all sugar fractions in all wheat
cultivars as compared with salt stressed plants.

4.4

7.3

4.9

0.43

Effect of salt stress and trehalose on amino
acid composition. Data in Table (3) showed that salt
stress caused marked increases in total essential
amino acids contents (valine, leucine, lysine, arginine, isoleucine, phenylalanine, histidine, and methionine), total non essential amino acids (proline, tyrosine, serine, glycine, cysteine, alanine, glutamic
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acid and NH4) and total amino acids contents as compared with control plants. In addition, treatment with
trehalose caused increment in all amino acid contents as compared with control plants and salt
stressed plants but caused reduction in NH4 which is
toxic to plants as compared to salt stressed plants.
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compared with control plants and salt stressed plants.
The two wheat cultivars (Gemiza 10 and Sakha 94)
may considered as tolerant plants under salt stress
conditions.
Effect of salt stress and trehalose on yield attributes. Data in Table (5) showed that spike length,
No of spikelets/spike, No of grains/ spike, spike
weight, grain weight/ spike and 100 grain weight
were significantly decreased in the two wheat cultivars (Giza 168 and Sads 12) under salt stress, but
caused non significant effects in the same parameters
in the other cultivars (Gemiza 10 and Sakha 94) as
compared to control plants. In addition, all the above
parameters significantly increased after treatment
with treahalose as compared with control plants and
salt stressed plants.

Effect of salt stress and trehalose on anatomical structure. Results in Table (4) and Figure (1)
showed that salt stress caused non significant effect
in upper and lower epidermis thickness, mesophyll
thickness, area of vascular bundle and xylem and
phloem diameter in the leaves of two wheat cultivars
(Gemiza 10 and Sakha 94) but caused significant decrease in the other two cultivars (Giza 168 and Sads
12) as compared to control plants. In addition, treatment with trehalose caused significant increase in all
the above parameters in all wheat cultivars as

TABLE 4
Effect of foliar spray with trehalose on anatomical structure of leaves of wheat plant under
salt stress conditions.
Upper epidermis
thickness μm

Lower epidermis thickness μm

Mespohyll
thickness
μm

Area of vascular bundle
μm2

Diameter
of xylem
μm

Diameter
of phloem
μm

Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose

16.8

16.1

92.9

13649

27.9

68.9

13.9

14.8

52.4

7713

16.9

59.3

18.6

17.7

97.0

10279

38.7

74.1

17.5

17.3

81.6

8469

22.1

63.3

13.7

12.7

82.1

6847

16.2

54.9

14.4

13.3

81.0

7053

17.8

55.7

16.9

14.4

94.7

10414

20.1

64.6

15.9

15.3

86.2

9427

17.4

64.2

17.6

22.4

71.0

9333

19.0

62.4

16.2

18.7

58.8

8413

17.7

51.5

19.1

23.8

80.4

15189

20.3

68.9

18.8

21.8

75.5

12421

19.8

67.1

12.5

18.1

80.2

7154

18.2

52.9

15.4

18.0

79.3

6868

17.1

54.1

20.1

18.8

87.9

10216

19.6

62.5

18.0

18.7

85.6

9414

18.7

63.7

0.60

0.88

3.30

682

1.55

1.80

Cultivar

Treatments

Giza 168

Gemiza 10

Sads 12

Sakha 94

L.S.D
5%

at
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FIGURE 1
Effect of foliar spray with trehalose on anatomical structure of leaves of wheat plant
under salt stress conditions.
TABLE 5
Effect of foliar spray with trehalose on yield of wheat plant under salt stress conditions.
Cultivar

Treatments

Giza 168

Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
0.74

Gemiza 10

Sads 12

Sakha 94

L.S.D at 5%

Spike length
(cm)

14.1

Spike
weight
(g)
1.00

grain
weight/
spike (g)
0.78

11.6

0.76

0.52

No. of spikelets/
spike

No. of grains/
spike

8.2

19.5

6.7

16.3

100
grain
weight (g)
5.54
5.00

11.7

26.2

21.5

1.50

1.17

5.95

9.5
9.5

24.5
21.5

18.0
15.0

1.28
1.08

1.00
0.84

5.42
5.60

8.7

18.3

14.7

1.00

0.78

5.20

13.0

31.3

21.5

1.50

1.17

6.00

11.4
6.2

29.0
15.0

17.3
9.0

1.22
0.58

0.95
0.45

5.90
5.60

5.0

12.5

7.5

0.44

0.40

5.00

8.5

18.5

14.6

1.00

0.78

5.88

8.0
11.0

15.5
29.0

12.0
18.5

0.86
1.28

0.67
1.00

5.77
5.00

10.2

28.4

17.3

1.24

0.99

5.26

15.4

34.0

24.5

1.72

1.34

6.42

12.00
1.91

32.0
1.30

20.4
0.10

1.44
0.08

1.12
0.11

5.60
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TABLE 6
Effect of foliar spray with trehalose on trehalose, total carbohydrate and total soluble protein content
(μg g-1 DW) in yielded grains of wheat plant under salt stress conditions.
Cultivar

Treatments

Giza 168

Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
Control
Salt
200 mM
Trehalose
10 mM
Salt+ Trehalose
5.48

Gemiza 10

Sads 12

Sakha 94

L.S.D at 5%

Trehalose
(μg g-1 FW)

Total carbohydrates
(mg g-1 DW)

Total soluble protein
(mg g-1 FW)

203

16.9

98.2

219

12.3

94.8

232

25.0

110.5

224
212

23.1
21.0

102.3
97.2

236

23.3

98.2

262

27.8

112.8

250
198

24.1
14.7

108.5
90.6

210

11.8

75.3

235

18.6

109.5

219
232

17.4
25.6

99.3
98.1

243

27.8

108.2

260

33.9

115.3

254
1.77

30.0
2.80

110.1

saline environments. These include treatment with
osmoprotectants compounds such as proline, glycinebetaine or trehalose. Our obtained results
showed that salt stress caused reduction in all growth
parameters in two wheat cultivars (Table 1). These
results are similar to Akladious and Mohamed [28]
who reported that salt stress (200 mM) reduced plant
growth in pepper plants and in common bean plants
[8]. The decrease of plant growth under environmental stresses may be due to the suppression in the cell
division, elongation of the cells, activity of apical
meristem and endogenous hormonal imbalance [29]
or due to the decrease in the absorption of water and
the activity of root metabolic processes, thus causing
a reduction in growth [30]. In addition, the decrease
in the content of K+ uptake and the increase in the
toxic amount of Na+ and Clí may lead to the inhibition of the activity of the enzymes, which used K+ as
cofactors causing disturbance in the metabolic process [31].
Treatment with trehalose caused increment in
all growth parameters in all wheat cultivars. Similar
results are reported by Shahbaz et al. [32] who reported that exogenous treatment of trehalose alleviates the adverse effects of salinity on growth attributes in rice plants. Application of Tre to salt stressed

Effect of salt stress and trehalose on chemical constituents of yield grains. The results in Table
(6) showed that the endogenous trehalose was significantly increased in the yielded grains of all wheat
cultivars after treatment of trehalose and under salt
stress conditions as compared with control plants.
The most pronounced increases were found in the
tolerant cultivars (Gemiza 10 and Sakha 94) than the
sensitive cultivars. In addition, total carbohydrate
and total soluble proteins were significantly decreased in the sensitive cultivars (Giza 168 and Sads
12) under salt stress as compared with control plants
but the same contents were significantly increased in
the other cultivars. Moreover, treatment with trehalose caused significant increases in all wheat cultivars as compared with control plants and salt
stressed plants.

DISCUSSION
Abiotic stresses such as salinity, drought, and
extreme temperature can reduce the growth and yield
of many crops and limit agricultural production
worldwide [17]. Consequently, several techniques
have been proposed to improve plant performance in
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proline helped in the protection from ammonium
toxicity that accumulated in plants subjected to stress
[50] Slocum and Weinstein 1990).
Essential and non essential amino acids in
wheat cultivars were enhanced under salt stress (Table 3). These results are in accordance with pravious
studies [51, 52] found that amino acids (glycine, alanine, arginine, valine, leucine and serine) were accumulated in plants subjected to salt stress. In this
respect, the increase of amino acids content under
salt stress may be due to the conversion of saccharides into amino acids and proteins which may increase the osmotic potential and the osmotic tolerant
of wheat plants [53]. Also, Abd Elhamid et al. [54]
showed that amino acids play an important role in
the protection of wheat cultivars against salt stress.
Trehalose treatment caused accumulation in all
amino acids in all cultivars of wheat plants. These
results are in accordance with Chang et al. [44] who
found that proline, glutamate, argnine, threonine and
phenylalanine largely increased during the first two
weeks in salt stressed Catharanthus roseus and Tre
plants contrasting to the salt stressed plants. Trehalose caused the increment of glutamate and proline
and the tolerance to salt stress. Furthermore, exogenous Tre caused significantly increased the contents
of aspartate, glutamate, glycine, serine, arginine,
phenylalanine and proline but caused significantly
decreased of alanine, methionine, leucine and tyrosine significantly as compared to nitrogen-deficient
tobacco plants [55] Lin et al. 2017).
Salt stress caused a reduction in upper and
lower epidermis thickness, mesophyll thickness,
area of vascular bundle and xylem and phloem diameter in the leaves of two wheat cultivars (Giza 168
and Sads 12) as compared with control plants (Table
4). These results are similar to Desoky and Merwad
[56] who observed that salinity stress caused the reduction in the thickness of leaf blade, the mesophyll
tissue, the length and the width of midvein, the
length and the width of vascular bundle and diameter
of xylem vessels/bundle in the wheat plant. The reduction in the above parameters may lead to the reduction in the rate of the translocation of photoassimlates towards the developing grains, the reduction in the accumulation of water that is necessary for photosynthesis process and the reduction in
the cell growth, expansion and division [57, 58]. The
adverse effect of salt stress on leaf structure may be
due to the reduction in the growth of vascular elements, the reduction in the activity of procambial,
the reduction in the size and number of mesophyll
cells and/ or the reduction in the ability of plants to
take up water [59].
Application of trehalose to salt stressed plants
caused significant increase in all anatomical characters as compared with control plants and salt stressed
plants. These results are similar to Akram et al. [60]
who revealed that application of trehalose to radish
plants caused the increment in the thickness of

plants resulted in a better shoot fresh weight than salt
stress control. This phenomenon may be attributed to
the induction of certain enzymes involved in the accumulation of storage carbohydrates in photosynthetic tissues due to trehalose application [33].
Salt stress caused the accumulation of monosaccharide, disaccharide sugars in the tolerant cultivars of wheat, but reduction in the sensitive ones
(Table 2). These results are similar to Yang et al.,
[34] who found that salinity stress caused a significant decrease in glucose, fructose, galactose, lyxose,
allose, xylose, sucrose and maltose in creeping bentgrass. These sugars play an important role in plants
and act as osmoprotection, free radical scavenger,
storage of carbon and osmotic adjustment [35, 36].
In addition, salt stress caused increment the soluble
sugars in the tolerant and sensitive cultivars of wheat
[37]. Also, sucrose content increased under salt
stress, which helps in the maintains of turgor pressure and the stability of the cellular membranes.
Monosaccharide solutes have an essential role as cytosolic osmolytica [38]. The accumulation of sugar
alcohols such as mannitol and sorbitol helps the plant
to tolerate the adverse effect of salinity and drought
stress [39, 40]. The accumulation of mannitol help in
the overcome the toxic effect of hydroxyl radical
(ʖ· OH) generated via the fenton reaction [41]. Sugar
alcohols help in the regulation of the osmotic balance, the adjustment of water flow in the cytoplasm,
the sequestration of sodium into the vacuole or the
apoplast and protect the cellular structures by the interaction with the protein and enzymes in the membrane against salinity stress [42]. Salt-tolerant cultivar of rice showed high soluble sugar content as
compared with salt-sensitive one under salt stress
[43].
The application of trehalose caused accumulation in sugar fractions in all wheat cultivars, especially the tolerant cultivars (Table 2). These results
are in accordance with Chang et al. [44] found that
trehalose application caused stimulation in glucose
and fructose in Catharanthus roseus plants under
salt stress and help the plants to tolerate the salt
stress.
Amino acids help the plant to tolerate abiotic or
biotic stress directly or indirectly [45, 46]. Amino acids play an essential role in the osmotic adjustment,
free radical scavenger, protecting the protein from
aggregation and help in the synthesis of hormones
and enzymes [47. In this regard, Eid et al. [48] found
that aspartate is the precursor to several amino acids,
including methionine, threonine, isoleucine in
plants. All treatments caused accumulation of proline in all wheat cultivars (Table 3). Accumulation of
proline, as an important compatible osmolyte helps
in the stabilization the structure of membranes and
proteins [49] (Verbruggen and Hermans 2008). The
accumulation of proline in wheat cultivars is related
to the increases in isoleucine, leucine and aspartate
contents. Also, the accumulation of arginine and
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scavengers and osmoprotectant [68].
Total soluble proteins accumulated in the tolerant cultivars of wheat under salt stress. Similar results reported the accumulation of total soluble protein content in the salt tolerant cultivars of barley,
rice and sunflower [45] and barley [69]. The accumulation of proteins in plants under salt stress may
be due to the storage form of nitrogen that is re-utilized later [70].
Treatment with trehalose caused accumulation
in total soluble proteins in all wheat cultivars as compared with control plants and salt stressed plants.
These results are in accordance with Zeid [71] reported that trehalose application increased soluble
proteins and proline content in maize plants under
salinity stress. Similar to the function of sucrose, trehalose can serve as a carbohydrate storage molecule
as well as a transport sugar [72]. It can also stabilize
membranes and proteins of stressed plants by replacing hydrogen bonding through preventing protein
denaturation, polar residues, and fusion of membranes [73] (Harborne and Williams 2000).

epidermis and midrib, the area of vascular bundle
and the number of vascular bundles in stressed and
non stressed plants. Also, Eisa and Ibrahim [61] reported that application of trehalose in cowpea plants
under salt stress was effective in inducing some
structural changes in the conductor tissues through
increasing the xylem and phloem area leading to a
rapid translocation of photoassimilates from the
leaves towards the developing seeds.
Yield attributes were decreased by salinity
stress in the two wheat cultivars (Giza 168 and Sads
12) which considered as sensitive cultivars as compared to control plants (Table 5). These results are
similar to Borzouei et al. [62] who observed that salt
stress caused reduction in the growth parameters and
grain yield of wheat plants. The most pronounced
decrease was recorded in the salt sensitive cultivar
than the salt tolerant one. Also, Shahbaz et al. [32]
reported that salt stress significantly decreased all
yield attributes such as total number seeds per plant,
number of tillers per plant, seed weight per plant and
100 seed weight in both rice cultivars. However, exogenous application of trehalose ameliorated the adverse effects of salt stress by increasing all yield attributes of all wheat cultivars. These results were
parallel with some earlier reports which pointed to
that foliar application of trehalose increased crop
yield significantly [32]
The increase in seed yield due to osmoregulators such as trehalose may be due to increasing potassium content [63] which enhancing photosynthetic pigments, leading to enhanced dry matter accumulation, improving branching due to increasing
water use efficiency and decreased fruit abscission
due to its role in reducing ethylene production, leading to increasing fruits and seeds number per sliquie
and consequently increased seed yield per plant [64,
65].
Endogenous trehalose accumulated in all wheat
cultivars under salt stress and foliar application with
trehalose (Table 6). These results are similar to ElBashiti [66] who found that under drought and salt
stress conditions, trehalose accumulated in all wheat
cultivars. The most pronounced increases were reported in the tolerant cultivars than the sensitive cultivar under control and stress conditions. The plant
can tolerate the osmotic stress by the production and
accumulation of compatible solutes, such as glycine
betaine, proline, and trehalose [67].
In addition, total carbohydrate and total soluble
protein contents significantly decreased under salt
stress in the sensitive cultivars of wheat. The reduction of protein content may be due to the reduction
in the capacity to incorporate amino acids into proteins and the accumulation of proteolytic enzymes or
due to the conversion of polysomes to monosomes
under stress condition or due to the synthesis of abscisic acid which increases the activity of RNase,
thus indirectly caused inhibition in the protein synthesis. Also, carbohydrates may act as free radical

CONCLUSION
Salt stress caused reduction in growth and yield
attributes of wheat. However, foliar-spray with trehalose ameliorated salt-induced adverse effects on
the growth of wheat by increasing growth attributes,
yield attributes, sugars and amino acid metabolism
and some anatomical characters of leaves. The cultivar (Giza 168 & Sads 12) considered as sensitive cultivars, but the cultivars (Gemiza 10 & Sakha 94) considered as tolerant ones. From this study, application
of organic osmolytes such as trehalose as foliar spray
help in the protection of plants against salinity stress,
particularly the sensitive cultivars and offers potential for field application.
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aspects of meat quality and are central to the nutritional value of meat [3]. The statement that red meat
and animal fats are associated with cardiovascular
diseases has reduced consumption by consumers on
many countries. However, fats have an important
place in human nutrition with high energy values.
Besides, studies have been carried out to investigate
the relation between animal fat and health in recent
years [4], [5], [6]. Some of the fatty acids that make
up the fats are closely related to human health. The
only natural dietary sources of these fatty acids for
human are fish and ruminant products (meat, milk
and cheese) from cattle, sheep and goats [7]. In addition to these, different fatty acid sources in the nature are also available such as microalgae, chickpea,
corn, etc. as well as nuts, seeds, and some vegetables
[8], [9], [10], [11]. Some fatty acids are important in
terms of human health, mainly conjugated linoleic
acid (CLA) and omega-3 fatty acids [12].
The major sources of CLA in the human diet
are ruminant meat and milk [13]. CLA is found predominantly in milk and meat of ruminants due to the
importance of rumen micro-organism in the formation of CLA and its precursors [14]. The most
important source of ruminant meats, even the sheep
meat, CLA inhibits many diseases that are common
at the present time. CLA reduces body fat, cardiovascular diseases and cancer, and modulates immune
and inflammatory responses as well as improves
bone mass [15]. Besides, [16] stated palmitoleic acid
have positive associations with diabetes. There are
many factors affecting the fatty acid composition
such as species, breed, nutrition, sex, live weight,
etc. [17], [18], [19], [20], the composition of the fatty
acids of the regions forming the carcass is also differ
[21], [22], [23].
The objectives of this study was to determine
the fatty acid composition in different carcass regions of Malya lambs, marketed in pieces according
to consumers' preferences, fattened intensively.

ABSTRACT
This study was conducted to determine the fatty
acid composition in different carcass regions such as
in the leg, shoulder, rib and breast regions of Malya
lambs. Total saturated fatty acids (SFA), unsaturated
fatty acids (MUFA), polyunsaturated fatty acids
(PUFA), trans fatty acids (TFA) and conjugated linoleic acid (CLA) values were found as 43.48, 40.90,
5.08, 9.10 and 1.44 in leg region, respectively. These
values were found to be 42.99, 42.76, 4.93, 7.97 and
1.35 in shoulder, 41.63, 45.44, 4.51, 7.09 and 1.33 in
rib, and also 39.55, 50.18, 3.30, 5.83 and 1.14 in
breast regions, respectively.
When the results are examined, the region
where the SFA and TFA values are lowest and the
MUFA value is highest is the breast region. The region with the highest values of PUFA, TFA and CLA
is the leg region.
KEYWORDS:
Fatty acid composition, conjugated linoleic acid, carcass,
lamb, Malya

INTRODUCTION
Meat is an important resource to protein requirement of humans. Total meat production in the
World in 2014 except fish is 317.854.820 tonnes
with the shares of pigs (115.313.734), chicken
(100.352.826),
cattle
(64.681.068)
sheep
(8.960.335) and goat (5.524.075) in this production
being 36.28%, 31.57%, 20.35%, 2.81% and 1.74%,
respectively via FAO [1]. The ratio of sheep meat is
not in a position to be ignored within this meat production and especially this ratio is even higher in
countries that do not consume pork. Besides religious beliefs, some factors such as attitudes, beliefs,
and expectations; sensory properties such as appearance, texture, flavor and odor; and marketing-related
aspects such as price and brand also affect consumer
behavior preferences [2].
In many countries, fat is an unpopular constituent of meat for consumers, being considered unhealthy. Yet fat and fatty acids, whether in adipose
tissue or muscle, contribute importantly to various

MATERIALS AND METHODS
Nine male Malya lambs (65 % Akkaraman x 35
% Merino) that were about 2½ months of age and
had a beginning average live-weight of 20 kg were
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The differences in total MUFA between the
carcass parts were statistically significant (P<0.01).
The highest percentage of MUFA was found in the
breast, while the lowest percentage was observed in
the leg. Oleic acid (C 18:1Ȧ) was the major fatty
acid composing MUFA. Besides, the highest percentage of palmitoleic acid (C 16:1Ȧ) among the
parts was found in breast (P<0.01).
Differences in PUFA between the carcass parts
were statistically significant (P<0.05). The highest
percentage of PUFA was observed in the leg, while
the lowest percentage was in the breast. Among fatty
acids that form PUFA, linoleic acid (C 18:2Ȧ) had
the highest percentage in the all carcass parts.
Compared with other carcass parts, the breast
had the lowest percentage of trans fatty acids (TFA).
The difference between the average levels observed
in the breast and the average levels observed in leg
and shoulder parts was statistically significant
(P<0.05). Trans vaccenic acid (C 18:1t11) was the
major TFA fatty acid in all of the carcass parts.
We observed that the level of total CLA in the
leg was higher than in other carcass parts (P>0.05).
The percentage of rumenic acid (C 18:2 c9 t11),
which is important for health, was higher in the leg
than in the other carcass parts. Among the leg, shoulder, rib, and breast, the highest percentage total Ȧ3
was determined to be in the rib (P>0.05), and the
highest percentage of total Ȧ6 was observed in the
leg (P<0.05). The Ȧ3/Ȧ ratio in the carcass parts
was higher in the rib, and the differences between the
parts of carcass were statistically significant
(P>0.05). When it comes to the highest percentage
of ȦȦ3 was higher in the leg (P<0.05), while the
lowest percentage was in the rib (P<0.05).
[17] reported the SFA, MUFA, and PUFA values in subcutaneous fat of Talaverana lambs fed indoors as 56.80, 35.22, and 5.12 in the leg, respectively. SFA values obtained in the study were determined to be lower than this reported values. The
MUFA values were found higher than these values,
and also the value of PUFA reported for the leg
showed similar results with the earlier related reports.
[30] SFA, MUFA and PUFA values in subcutane
fats of Ojalada lambs fed concentrate feed was found
as 42.75, 45.98 and 4.83 in a control group, respectively. The reported SFA value for Ojalada lambs
was similar to the SFA values of all the regions, and
also MUFA and PUFA values were similar to the
MUFA value of rib region and PUFA value of shoulder region in the current study, respectively. SFA,
MUFA and PUFA values in Malya breed breast region reported by [21] are similar to obtained values
in this study. In their study in Boultsiko lambs, [31]
determined SFA, MUFA and PUFA values in leg,
breast, rib and shoulder regions, respectively. SFA
values in all reported regions is higher than the SFA
values in the current work. In terms of MUFA, the
situation is exactly the opposite.

used. The concentrated feed was given to each animal for a fattening period of 68 days as an ad libitum
and 150 g dehydrated alfalfa basis after a one week
adaptation period. The concentrate feed used in this
research consisted of 14.52% protein, 2562 kcal/ME,
9.89% crude cellulose, 9.91% crude ash, 0.6% calcium and 0.4% phosphorous. Slaughter and cold carcass weight of lambs was found as 40.59±0.68 and
18.55±0.38 kg.
After slaughtering, the carcasses were immediately transferred to cooler at 4 °C. After 24 h freezing
period, Carcasses were separated into parts according to standard carcass discerned method reported by
[24] by using an electric saw (CatPower, Germany)
and the weights of the carcasses were determined using a scale sensitive to 1 g. Afterwards, samples were
taken as 20 g from each carcass parts such as leg,
shoulder, rib, and breast. Samples were vacuum
packaged, frozen, and stored at -27 °C until analysis.
At the beginning of each analysis, the samples
were allowed to equilibrate to room temperature,
ground and extracted with chloroform/methanol (2:1
v/v) according to the method of [25]. Methyl esters
were prepared by transmethylation, using KOH 2
mol/L in methanol and n-heptane, according to
method 5509 of the [26].
The fatty acid methyl esters were analyzed on a
HP (Hewlett Packard) Agilent 6890N model gas
chromatograph (GC), equipped with a flame ionization detector (FID) and fitted with a HP-88 capillary
column (100 m, 0.25 mm i.d. and 0.2 μm). Chromatographic conditions were performed according to
the method [27] modified as already mentioned from
[28].
Identification of fatty acids and trans isomers
were carried out by comparing sample FAME peak
relative retention times with those obtained for Alltech, Nu-Check Prep. Inc. USA and Accu standards.
Linoleic acid conjugated methyl ester (mixture of
cis- and trans-9,11- and -10,12-octadecadienoic acid
methyl esters, catalog number O5632) was purchased from Sigma-Aldrich (St Louis, MO, USA).
Results were expressed as FID response area in relative percentages. Each reported result is the average
value of three GC analyses. The statistical analysis
was performed on Minitab [29].

RESULTS AND DISCUSSION
Leg, shoulder, rib, and breast fatty acid composition of samples taken from the Malya lambs under
intensive fattening condition are given in Table 1.
It can be easily seen in Table 1 that differences
in total SFA between the carcass parts were statistically significant (P<0.05). The highest percentage of
total SFA was observed in the leg, and was lowest in
the breast. Of the fatty acids forming SFA, the predominant one was palmitic acid (C 16:0).
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TABLE 1
Fatty acid composition of different carcass parts of Malya (g/100 g total fatty acids)
Fatty Acids
C 10:0
C 11:0
C 12:0*
C 13:0*
C 14:0*
C 15:0*
C 16:0
C 17:0*
C 18:0
C 19:0*
C 20:0
C 21:0*
C 22:0*
Ȉ6)$*
&Ȧ
&Ȧ*
&Ȧ*
&Ȧ*
&Ȧ*
&Ȧ*
&Ȧ
&Ȧ
Ȉ08)$*
&Ȧ*
&Ȧ*
&Ȧ*
&Ȧ
&Ȧ
&Ȧ
&Ȧ*
&Ȧ*
&Ȧ*
&Ȧ
&Ȧ*
&Ȧ
&Ȧ*
&Ȧ
Ȉ38)$*
C 14:1t9*
C 16:1t9*
C 18:1t9*
C 18:1t11*
C 18:2t9,t12
C 18:2t9,c12*
Ȉ7)$*
C 18:2 c9,t11
C 18:2 t10,c12*
C 18:2 c11,t13*
Ȉ&/$
ȈȦ
ȈȦ*
ȦȦ
ȦȦ*

Leg
0.26
0.05 ab
0.20
0.09 ab
3.63 AB
1.59 a
23.36
3.66 A
10.34
0.18 B
0.04
0.05 ab
0.02 b
43.48 a
0.40
0.37 A
3.40 B
2.18 b
33.16 B
1.29 B
0.09
0.01
40.90 b
4.00 a
0.12 A
0.29 a
0.09
0.05
0.03
0.17 AB
0.02 b
0.02 B
0.12
0.07 AB
0.02
0.06 ab
0.02
5.08 a
0.31 a
0.41 A
0.07 B
7.97 a
0.15
0.19 A
9.10 a
1.40
0.03 AB
0.01 B
1.44
0.54
4.54 a
0.12
9.06a

Shoulder
0.23
0.04 ab
0.30
0.08 ab
3.29 BC
1.52 a
23.71
3.67 A
9.83
0.18 B
0.04
0.07 a
0.03 a
42.99 a
0.41
0.32 AB
3.53 B
2.51 ab
34.58 B
1.29 B
0.10
0.02
42.76 b
3.60 a
0.13 A
0.26 a
0.10
0.06
0.05
0.21 A
0.04 a
0.04 AB
0.19
0.09 A
0.04
0.08 a
0.04
4.93 a
0.30 a
0.38 AB
0.09 B
6.91 a
0.13
0.16 A
7.97 a
1.29
0.04 A
0.02 A
1.35
0.66
4.27 a
0.15
7.20ab

Rib
0.24
0.06 a
0.21
0.10 a
2.75 C
1.69 a
22.93
4.02 A
9.32
0.15 B
0.05
0.08 a
0.03 a
41.63 ab
0.45
0.38 A
3.78 B
3.16 a
36.08 B
1.46 AB
0.11
0.02
45.44 b
3.16 ab
0.13 A
0.22 ab
0.10
0.06
0.05
0.21 A
0.04 a
0.04 A
0.27
0.08 A
0.04
0.07 ab
0.04
4.51 a
0.33 a
0.30 B
0.14 A
6.04 ab
0.13
0.15 AB
7.09 ab
1.27
0.04 A
0.02 A
1.33
0.69
3.82 ab
0.18
6.12b

Breast
0.22
0.02 b
0.29
0.05 b
4.10 A
1.10 b
22.64
2.55 B
8.23
0.24 A
0.05
0.04 b
0.02 b
39.55 b
0.39
0.23 B
4.68 A
2.55 ab
40.59 A
1.65 A
0.08
0.01
50.18 a
2.55 b
0.08 B
0.18 b
0.07
0.03
0.03
0.10 B
0.02 b
0.02 B
0.10
0.04 B
0.02
0.04 b
0.02
3.30 b
0.21 b
0.42 A
0.06 B
4.89 b
0.15
0.10 B
5.83 b
1.12
0.01 B
0.01 B
1.14
0.39
2.91 b
0.13
8.76a

SEM
0.014
0.001
0.012
0.006
0.109
0.072
0.303
0.144
0.340
0.008
0.003
0.005
0.003
0.519
0.017
0.018
0.117
0.122
0.627
0.040
0.007
0.002
0.805
0.178
0.005
0.015
0.006
0.004
0.006
0.013
0.003
0.004
0.028
0.005
0.004
0.005
0.003
0.224
0.016
0.014
0.007
0.371
0.009
0.010
0.390
0.061
0.003
0.001
0.062
0.046
0.196
0.011
0.413

P
0.768
0.017
0.245
0.041
0.000
0.014
0.636
0.000
0.145
0.000
0.339
0.014
0.045
0.026
0.617
0.008
0.000
0.028
0.000
0.001
0.361
0.300
0.000
0.018
0.000
0.032
0.160
0.079
0.288
0.003
0.036
0.010
0.127
0.002
0.033
0.016
0.059
0.012
0.033
0.002
0.000
0.017
0.828
0.005
0.015
0.473
0.000
0.008
0.414
0.071
0.012
0.152
0.030

*: Differences between means with different superscripted letters in the same line are statistically significant; A,BP<0.01; a,bP<0.05

In terms of PUFA values, the value reported for
the leg region in their study is close to the rib region
in the study. While PUFA value determined in the
breast region in the present study is found to be close,

PUFA value in the shoulder region is found to be
high in the same region to value their reported. In the
studies conducted on similar conditions with the present study, [24] UHSRUWHG &  & Ȧ 6)$
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08)$38)$&/$ȦDQGȦLQOHJVKRXOGHUULE
DQG EUHDVW UHJLRQV IRU 'D÷OÕo ODPE UHVSHFWLYHly.
When all values are evaluated in general, it can be
understood that it is parallel to the declared values.
For Akkaraman lambs, C16:0, SFA, MUFA,
PUFA and TFA values reported by [22] were found
in leg region, shoulder rib and breast regions, respectively. C16:0, SFA and MUFA values in the leg,
shoulder and rib regions are higher than our values
in the current study, but PUFA and TFA values are
low. Also, the same tendency can be seen in the
breast region, but only the PUFA value was reported
high. In the case of SFA, MUFA and PUFA values
in subcutaneous and intra muscular fat of Norduz
lambs by [32], the SFA value in this study was lower
than the reported values. The MUFA values in both
rib and breast regions were similar to the MUFA
value reported for subcutane fat, and also these values in leg and shoulder regions were similar to the
MUFA value reported for longissimus thoracis fat.
Reported PUFA value in subcutaneous fat was close
to the value in the leg region and was higher than the
reported values in other regions in this study. In the
VWXGLHVFRQGXFWHGRQVLPLODUFRQGLWLRQVIRU.ÕYÕUFÕN
lamb with the present study, SFA, MUFA, PUFA,
7)$&/$ȦDQGȦYDOXHVUHSRUWHGE\ [23] for
leg, shoulder, rib, and also breast regions and the values in the current study have similar tendencies in all
regions.
Previous studies have shown that the changing
environment is the effect of fatty acids on the composition in addition to genotype variation [33], [34],
[35], [36]. For instance, fatty acid composition in
carcass or different carcass parts may vary according
to the husbandry system [22], [28], [36]. Thus, the
result of these environmental conditions is also affecting the degree of consumer acceptance.
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ABSTRACT
Chronic kidney disease (CKD) is a disease that
manifests itself with abnormalities in kidney structure or function. Inflammation and oxidative stress
increase in kidney disease in parallel with the advancement of the disease. In addition, vitamin synthesis metabolism is also disrupted as a result of the
decrease in kidney functions. Vitamins A and E are
strong anti-inflammatories and antioxidants which
protect the body against oxidative stress. Hence, the
activation of these vitamins in CKD patients is of
significant importance.
The study was carried out with the participation
of 139 people comprised of 79 volunteer patients diagnosed with Stage-5 CKD and 60 healthy volunteers (control). Demographic measurements of the
participants were carried out and their biochemical
parameters (glucose, urea, creatinin, AST, ALT, and
LDL etc.) were determined via ELISA and spectrophotometric analyses. Serum A and E vitamin levels
were determined via HPLC analysis.
No statistically significant difference was determined (p=0,56) in this study between the groups
even though the vitamin A level of the patient group
was lower, while vitamin E levels were determined
to be lower at a statistically significant level in the
patient group in comparison with the control group
(about half) (p=0,000).Statistically significant differences were determined between the patient and control groups when; BMI, glucose, urea, creatinin,
AST, ALT, LDL, triglyceride, HDL, albumin, hemoglobin, platelet, RBC, HCT, MCH and Diastolic
EORRGSUHVVXUHDYHUDJHVZHUHFRPSDUHG S 
A positive and statistically significant correlation
was determined in the patient group between Vitamin A and E and urea (r=0,325 p=0,003; r=0,278,
p=0.013).
The decrease in vitamins A and E levels in
CKD may be increasing oxidative stress and inflammation in these patients. It can be concluded as a result of this study that a low dose of vitamin A and a
strong dose of vitamin E work as strong antioxidants
in chronic kidney disease as strong antioxidant and
anti-inflammatory molecule.

INTRODUCTION
Chronic kidney disease (CKD) manifests itself
with abnormalities in kidney structure or function
that have been ongoing for more than 3 months. Kidney disease is characterized especially with decreased GFR (GFR< 60ml / min / 1.73m2) and kidney damages (greater levels of albuminuria, structural abnormalities detected by imaging, urine sediment abnormalities, electrolyte and other abnormalities due to tubular disorders etc. (one or more of
these damages can be observed). Kidney diseases
pose a quite significant problem all over the world
and global data indicate that CKD prevalence ranges
between about 10-16%. In addition, diagnosis and
treatment costs of the disease also incur high costs
[1, 2]. Abnormalities such as failures in vitamin synthesis metabolism as well as the balance of ions such
as serum NaCl, calcium, phosphate etc. in addition
to various abnormalities in the hormones in circulation. Vitamin D deficiency is especially observed in
chronic kidney disease since vitamin D synthesis is
disrupted [3]. However, the relationships in kidney
disease between vitamins A and E which dissolve in
fat and kidney functions have not been examined sufficiently. Vitamins A and E have important functions
in metabolism. Vitamin A contains retinol, retinaldehyde, retinoic acid and carotene compounds found in
plants. Vitamin A (retinol) plays an important role in
seeing and the regulation of gene expression [4, 5].
In addition, vitamin A has important anti-oxidative
and anti-inflammatory functions [6, 7, 8]. It has been
indicated that vitamin A increases the gene and protein expressions of various anti-oxidative enzymes
such as selenoprotein glutathioneperoxidase (GPx)
and thioredoxin reductase (TrxR), while decreasing
interleukin 1 (IL-1) amount [9]. It is indicated that
vitamin E and A removes reactive oxygen species
(ROS) while decreasing DNA damage, protein carbonilation and lipid peroxidation thereby providing
protection in the cells (AML-12 cells) against
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diabetes, hyperthyroidism and hypothyroidism, no
cancer story, do not use alcohol; have no mental retardation and who are not undergoing any systemic
medication treatment. Patients who participated in
the study were excluded with regard to other autoimmune diseases. Height and weight, gender, age and
laboratory findings (glucose, urea, creatinin, AST,
ALT, LDL, Triglyceride, HDL, albumin, hemoglobin, platelet, RBC, HCT, MCH and Diastolic blood
pressure, WBC, MPV, MCV, systolic blood pressure, total protein vb.) were recorded for all patients
with their approval.

oxidative stress related cellular damage[10].
Similarly, it is emphasized in many different
studies that vitamin E has significant antioxidant and
anti-inflammatory effects [11, 12]. Vitamin E is the
most important anti-oxidant molecule that decreases
superoxide (O2-) generation in in vivo and in-vitro
systems while breaking down and removing (cleaning) chain propagations. Thus, it is a lipid peroxidation inhibitor and reduces free radical mediated oxidative stress [13, 14, 15, 16]. Vitamin E derivatives
have anti-oxidant activity against lipid peroxidation
in liposomal membranes [17].
Whereas antiͲoxidant system decreases with increasing oxidative stress in CKD [18]. It has been reported that oxidative stress increases further as CKD
progresses and that there is a statistically significant
correlation between renal functions and oxidative
stress [19, 20]. It is stated that inflammation and oxidative stress are risk factors for chronic kidney disease while also inducing the disease [21, 22, 23]. It
has been set forth as a result of analyses carried out
on CKD patients using various inflammation, oxidative and antioxidative biomarkers that anti-oxidative
capacity of these patients is reduced significantly,
that inflammatory mediators have increased and that
thereby oxidative stress is induced. The decrease in
anti-oxidative in CKD accompanied by very high inflammatory mediators also results in the onset of cardiovascular diseases [24]. It has been suggested that
Oxidative Stress may be a new target for therapeutic
intervention [ 25, 26].

HPLC Analysis. Blood samples of the subjects
in this study were drawn at room temperature prior
to analysis. 50 μl internal standard and 500 μl flocculation reactive was added to 250 μl serum after
which it was left to incubation at 2- 8 0C for 30
minutes. Afterwards, it was centrifuged at 10.000 g
for 2 minutes. 100μl was removed from the serum/plasma acquired from each sample and a UV deWHFWRULQD³UHYHUVHSKDVH´FROXPQZDVXVHG+3/&
(LC 20AT, Shimadzu, Japan) system flow rate: 0.8
ml/min and vitamin A and E determination via
isochrotic method was carried out using a C18 column with a wavelength for vitamin A of 325, and for
vitamin E of 300 nm (Vitamin A/E, Immuchrom
GmbH, Hessen, Germany).
Biochemical Analyses. Values such as glucose, urea, creatinin, AST, ALT, LDL, Triglyceride,
HDL, albumin, hemoglobin, platelet, RBC, HCT,
MCH, WBC, MPV, MCV total protein were obtained from routine medical examination records. No
additional blood was drawn from the patient and
healthy control groups for these parameters.

MATERIALS AND METHODS
Ethics. The study was presented to the FÕUDW
University Noninvasive Studies Ethics Council and
approval was taken with a date of 05/04/2018 and
decision number of 07/21.Informed Patient Consent
form for each patient and healthy control individuals
were evaluated by the participants, filled of their own
accord and approved.

Statistical Analyses. All data were evaluated
via SPSS 22.0 statistical package software and the
data were displayed as ± standard deviation (SD).
Kolmogorov-Smirnov test was used to evaluate
whether the variables fit the normal distribution or
not. The differences between the averages of the data
in the groups were compared statistically via MannWhitney U test and independent samples T test based
on the results of the normality analysis. Correlations
between vitamins A and E and other biochemical parameters were analyzed via Spearman and Pearson
correlation tests. p<0.05 was accepted as statistically
significant.

Sample Group. The study was carried out with
the participation of 139 people comprised of 79 volunteer patients diagnosed with Stage-5 chronic kidney disease (CKD) who have applied to the NephrolRJ\SRO\FOLQLFRIWKH(OD]Õ÷(ducation and Research
Hospital and 60 healthy volunteers (control) who
KDYHDSSOLHGWRWKH)ÕUDW8QLYHUVLW\+RVSLWDO internal
medicine polyclinic for a general health screening
whose results were determined to be normal. CKD
patients were comprised of volunteer sick individuals aged above 18, having a normal body mass index
(BMI), not pregnant, having no diabetes, hyperthyroidism and hypothyroidism, no cancer story, do not
use alcohol, have no mental retardation. Whereas the
control group was similarly comprised of healthy
volunteer individuals aged above 18, having a normal body mass index (BMI), not pregnant, having no

RESULTS
Even though no statistically significant difference was determined between the groups when the
vitamin A averages were compared for the patient
and control groups (p=0,56), vitamin E levels were
determined to be quite low in the patient group in
comparison with the control group (a decrease of
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pressure averages were compared for the patient and
FRQWUROJURXSV WDEOHS +RZHYHUQRVWD
tistically significant difference was determined between the groups for total protein, WBC, MPV,
MCV and systolic blood pressure averages (Table 1
p<0,05).

about half) and this decrease was determined to be at
a statistically significant level (Table 1, p=0,000).
A statistically significant difference was determined when the BMI, glucose, urea, creatinin, AST,
ALT, LDL, triglyceride, HDL, albumin, hemoglobin, platelet, RBC, HCT, MCH and Diastolic blood

TABLE 1
Clinical characteristics of the patient and control groups.
Clinical characteristics
Sex (n) (Male/Female)
Age (years)
BMI (kg/m2)
Vitamin A (mg/L)
Vitamin E (mg/L)
Glucose(mg/dL)
Urea (mg/dL)
Creatinine (mg/dL)
AST (U/L)
ALT (U/L)
LDL (mg/dL)
Triglyceride (mg/dL)
HDL (mg/dL)
Total Protein (g/dL)
Albumin (g/dL)
Hemoglobin (g/dL)
Platelet ( × 103 /μL )
WBC
RBC
HCT
MPV
MCV
MCH
Diastolic blood pressure
(mmHg)
Systolic blood pressure
(mmHg)

Patient
52/27
58.2 ± 13.0
30.51 ± 3.67
0.57 ± 0.26
9.74 ± 3.54
113.16 ± 50.29
143.11 ± 33.45
7.76 ± 2.20
25.75 ± 7.29
12.30 ± 7.30
95.63 ± 30.93
196.03 ± 124.10
49.76 ± 14.56
7.45 ± 0.69
3.67 ± 0.32
11.24 ± 1.52
163.81 ± 57.64
6.89±2.35
3,903 ± 0.58
35.29±4.78
0.904±6.73
90.80±5.70
29.06±2.17
75 ± 3.8

Control
24/36
46.05 ± 11.2
27.90 ± 5.11
0.59 ± 0.13
15.99 ± 1.85
97.35 ± 10
26.95 ± 7.9
0.67 ± 0.10
22.70 ± 8.75
17.15 ± 5,97
134.05 ± 38.52
127.10 ± 41.98
35.65 ± 12.96
7.50 ± 0.58
4.44 ± 0.92
12.60 ± 0.71
200.25 ± 41.43
6,40 ± 1,27
4.5±0.5
63.93±85.15
0.14±0.01
88.17±9.40
32.48±2.77
70 ± 3.2

p value
0.003
0.000
0.001
0.562
0.000
0.011
0.000
0.000
0.004
0.000
0.000
0.001
0.000
0.389
0.000
0.000
0.000
0.463
0.000
0.000
0.129
0.646
0.000
0.081

115 ± 5.1

110 ± 7.3

0.118

± Standard deviation BMI; body mass index LDL; low density cholesterol, HDL; high density cholesterol

TABLE 2
Correlation analysis in the patient group

Vitamin A
Vitamin E
Age
Gender
BMI
Glucose
Urea
AST
ALT
albumin
WBC
Creatinin
LDL cholesterol
Triglyceride
Totalprotein
RBC
HBG
HCT
PLT
MPV
MCV
MCH
HDL

Patient group
Vitamin A
r

p

0,586
0,001
-0,186
-0,115
0,078
0,325
0,151
0,151
-0,006
-0,054
0,202
-0,138
-0,026
0,005
-0,031
-0,015
-0,015
0,024
0,042
0,085
0,076
-0,043

0.000
0,995
0,102
0,311
0,490
0,003
0,186
0,185
0,964
0,631
0,074
0,223
0,813
0,961
0,785
0,890
0,893
0,830
0,711
0,455
0,501
0,706
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Vitamin E
r
0,586

P
0.000

0,131
-0,094
-0,100
-0,002
0,278
0,119
0,055
0,038
-0,041
0,088
-0,019
-0,123
-0,081
-0,064
-0,069
-0,021
-0,032
0,186
0,111
0,122
0,046

0,241
0,411
0,376
0,983
0,013
0,291
0,638
0,744
0,721
0,441
0,862
0,279
0,471
0,573
0,542
0,851
0,780
0,100
0,331
0,288
0,685
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TABLE 3
Correlation analysis in the control group

Vitamin A
Vitamin E
Age
Gender
BMI
Glucose
Urea
AST
ALT
Albumin
WBC
Creatinin
LDL cholesterol
Triglyceride
Total protein
RBC
HBG
HCT
PLT
MPV
MCV
MCH
HDL

Control Group
Vitamin A
r

p

0,064
-0,017
0,053
0,044
0,049
0,000*
0,137
-0,141
0,160
0,245
0,182
0,258
0,053
0,305
0,268*
0,074
0,036
0,113
-0,164
0,089
-0,302*
0,000

0,623
0.949
0,686
0,738
0,838
0,998
0,564
0,555
0,222
0,059
0,165
0,046
0,687
0,018
0,038
0,572
0,783
0,391
0,211
0,499
0,019
0,998

A statistically significant correlation in the positive direction was determined in the patient group
between Vitamin A and urea and Vitamin E levels
(table 2, r =0,325, p=0,003; r=0,586 p=0,000 respectively). Similar to vitamin A, a correlation in the positive direction was determined between vitamin E
and urea (r=0,278, p=0.013). A statistically significant correlation in the positive direction was determined as a result of the correlation analysis carried
out for the control group between vitamin A and
LDL cholesterol, total protein and RBC (table 3).
Whereas a correlation in the positive direction close
to the statistically significant limit was determined
between vitamin A and WBC (r= 0,245, p=0,059), a
statistically significant correlation in the negative direction was observed with MCH (table 3 r= 0,302
p=0,019).
A positive and statistically significant correlation was determined in the control group between
vitamin E and glucose, AST, RBC, HBG, HCT and
PLT. However, a negative and statistically significant correlation was determined between vitamin E
and albumin and triglyceride values (Table 3).

Vitamin E
r
0,064

P
0,623

0,027
0,115
0,206
0,361**
-0,159
0,434**
0,026
-0,289*
-0,048
0,058
-0,033
-0,256*
0,077
0,402**
0,261*
0,301*
0,550**
0,244
0,077
-0,059
-0,159

0,911
0,386
0,115
0,005
0,225
0,001,
0,844
0,025
0,717
0,660
0,804
0,048,
0,560
0,001
0,044
0,020
0,000
0,060
0,560
0,654
0,225

peroxyl radicals [11, 13, 14, 28]. Whereas vitamin A
increases antioxidative enzyme activities thereby
displaying an anti-oxidative stress while also putting
forth an anti-inflammatory effect by decreasing inflammation products [6, 7, 9]. Therefore, the activation of these two enzymes is of significant importance in chronic kidney disease during which inflammation and oxidative stress increases [10, 20,
22]. Vitamin E that is administered orally to hemodialysis patients has resulted in an increase in
GSHPx and SOD activities in addition to a statistically significant decrease in lipid peroxidation [16].
Topiramate and vitamin E inhibited the free radicals
in rats with induced nephrotoxicity (suppressing lipid peroxidation and nitric oxide formation) and displayed a protective effect against nephrotoxicity by
supporting antioxidant redox system [29]. Vitamin E
is included in the two phospholipid layers of the cell
membrane that stops lipid peroxidation reactions.
Therefore, the omega-3 fatty acids in the cell membrane change places with arachidonic acid thereby
reducing arachidonic derivative ROS as well as inflammation [30]. It was observed in a study during
which Nephrotoxicity causing Cisplatin molecule
was administered to the rats that there was a decrease
RI JOXWDWKLRQH SHUR[LGDVH ȕ-carotene, vitamins A
and E (increase in kidney lipid peroxidation, antioxidant vitamin and enzymes) in the kidneys of the animals in comparison with the control group, but it
was also put forth that the intraperitoneal administration of high doses of vitamin E together with selenium resulted in a distinctive recovery and thus it
was suggested that it might play a role in preventing
nephropathy [28].
While a statistically significant decrease of
about half was observed in the vitamin E patient

DISCUSSION
An increase is observed in oxidative stress and
inflammation in chronic kidney disease, while a significant decrease is observed in antioxidative capacity [15, 24, 27]. Oxidative stress induces inflammation as well and it also causes the onset of cardiovascular diseases in CKD [15].
Vitamin E is an important anti-inflammatory
and an important non-enzymatic antioxidant molecule that protects the body especially against lipid
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group during this study which was carried out on patients with chronic kidney disease by taking into consideration the aforementioned significances of vitamins A and E, a slight decrease was determined in
the vitamin A patient group even though no statistically significant difference was determined between
the patient and control groups with regard to vitamin
A. Similar to the results of this study, De bevere et.al.
carried out a study in which no statistically significant difference was determined when the healthy
control group and hemodialysis patients were compared with regard to plasma retinoic acid and retinyl
ester concentrations and no correlation was determined between the plasma creatinine and urea levels
[31]. It was observed in a HPLC analysis carried out
on 45 patients with chronic renal failure (CRF) and
21 controls upon examining the serum and cutaneous
vitamin A and beta-carotene concentrations that the
serum beta-carotene and skin carotene concentrations were lower in the patients [32]. It was determined upon examining the serum and cutaneous vitamin A and beta-carotene concentrations in another
study carried out on patients with chronic renal failure the serum and cutaneous beta-carotene concentrations were about half of the values of the control
group (lower in the patients) [33]. Contrary to this
study, Fassinger et.al. carried out a study on children
with end-stage renal disease (ESRD) in which it was
determined that the serum retinol, retinol binding
protein levels were higher at a statistically significant
level when compared with healthy children [34].
Parallel to the vitamin A and E findings of this study,
the nitric oxide and vitamin A levels of 50 CKD patients with cardiovascular problems were determined
to be lower in comparison with those of the control
group [24]. An analysis was carried out on 42 child
patients with CRF in which it was determined that
the plasma A, E and C vitamin levels decreased at a
statistically significant level in comparison with the
control group. It has been indicated that low plasma
A, E and C vitamin levels may result in a decrease in
the activity of the non-enzymatic antioxidant defense
system and that it may be responsible from the increased oxidative stress in children with CRF [7]. It
was observed in another study that plasma vitamin
E, glutathione peroxidase, vitamin C and erythrocyte
superoxide dismutase and catalase levels of Fortynine patients with CRF patient group were low at a
statistically significant level (p= 0,001). Similar to
our study results, the plasma Vitamin E level in this
study was determined to be lower by half in the patient group in comparison with the control group
[35]. The serum E vitamin level measured spectrophotometrically was determined higher in patients
with chronic kidney disease and chronic patients
who undergo chronic interval dialysis treatment in
comparison with the healthy control group [36]. It
has been indicated that the use of 6 month vitamin Ecoated membrane dialyzer (VEM) on chronic hemodialysis patients results in a statistically significant
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decrease in inflammatory
(CRP, IL-6) and oxidative stress (oxLDL,
malondialdehyde) indicators [37]. In another study,
Tubulo interstitial and glomerular structure damage
was generated on rats administered with Aflatoxin
B1 and nephrotoxicity was developed after which a
significant increase in anti-oxidative indicators was
observed in these rats upon Vitamin E reinforcement
and it was also observed that the structural damage
in the renal cortex is at a minimal level in comparison
with the experiment group to which no Vitamin E
was administered. It has been suggested that the nephrotoxicity curative effect of Vitamin E may be due
to the readjustment of the oxidative stress parameters
and pro-apoptotic protein expression suppression
[38]. Histopathologic and microstructural (cellular)
changes in the renal cortex of the rats have developed
in an animal study carried out by applying sodium
selenite. Vitamin E administration to this experiment
group has cured these damages in the renal cortex
[39]. It is indicated that the interaction of oxidative
stress and inflammation plays a part in the formation
of chronic kidney disease (CKD) and that the
changes in eGFR are in direct proportion with the
changes in oxidative stress and inflammation [27].

CONCLUSION
When the results of the previous studies and
this study are taken into consideration, it can be indicated that the increase in oxidative stress and inflammation in CKD patients may be due to the decrease in vitamin A and E levels. In addition, it may
also be concluded with this study that vitamin A and
vitamin E may act as significant antioxidant and antiinflammatory molecules in chronic kidney disease.
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ABOVE-GROUND BIOMASS AND CARBON STOCK
EQUATIONS FOR CRIMEAN PINE STANDS IN
KASTAMONU REGION OF TURKEY
Oytun Emre Sakici*, Mehmet Seki, Fadime Saglam
Kastamonu University, Faculty of Forestry, 37100, Kastamonu, Turkey

Due to these functions of forest ecosystems, studies
on the biomass and carbon sequestration in forests
have been vital in the last decades [7-13].
Pinus nigra J.F. Arnold covers an area of approximately 4.2 million ha in Turkey, and it is considered as one of the most important and valuable
tree species in Turkey [14]. Southern Europe, the
Balkans and western Asia constitute the natural distribution range of the species, and include both pure
and mixed stands. Pinus nigra can survive for several centuries producing high quality wood and shallow roots on arid, rocky and poor soils. One of the
five subspecies of P. nigra is Crimean pine (Pinus
nigra subsp. pallasiana (Lamb.) Holmboe) growing
naturally in Turkey. It has wide distribution area in
Anatolian regions, the western Black Sea region and
on the northern aspect of the Taurus mountains
[15,16].
In this study, 227 sample trees from 192 sample
plots that represent diverse topographical and altitudinal aspects, and stand structures in Crimean pine
forests were examined. The sample plots were selected from pure, even-aged, and naturally regenerated stands, although the most of previos studies on
biomass and carbon storage have focused on plantations. The main objective of this study was to develop single- and double-entry allometric equations
for above-ground biomass (AGB) and above-ground
carbon (AGC) storage of Crimean pine trees distributed in Kastamonu Regional Directorate of Forestry
in the northwestern Turkey. These equations were
created for AGB and AGC components (i.e.,
stemwood, stembark, branch, needles) as well as total AGB and AGC.

ABSTRACT
For above-ground biomass and carbon stock estimations, the most common single- and double-entry allometric equations were fitted for Crimean pine
(Pinus nigra J.F. Arnold subsp. pallasiana (Lamb.)
Holmboe) stands in Kastamonu region, northwestern
Turkey. The data were obtained from 227 sample
trees in 192 sample plots that represent different
stand structures and topographic features. Following
the fittings, the best models were selected for each
component (i.e., stemwood, stembark, branch and
needles) and above-ground total biomass and carbon
stock estimations. The selected models for aboveground biomass and carbon stock accounted more
than 86% of the total variance for each component
and 98% for the above-ground total, with low root
mean square errors (RMSE). These models also provided biologically realistic estimates.

KEYWORDS:
Above-ground components, Biomass allometries, Carbon
storage, Climate change, Pinus nigra

INTRODUCTION
Temperature rise of the Earth caused by industrialization, urbanization, overuse of fossil fuels, deforestation, etc. is defined as global warming. It is
expected that the amount of temperature rise until the
end of this century will be between 1.4 and 5.8 Ԩ.
Therefore, the concerns regarding the global warming have been highly increased [1,2]. The most effective ways to mitigate or prevent the global warming are to reduce the amount of greenhouse gases
relase into the atmosphere, and to increase the
amount of CO2 absorbed from the atmosphere. Forests are known to be one of the most effective systems in terms of carbon sequestration, because they
consume more CO2 than other ecosystems and store
carbon in the whole ecosystem for a longer timespan
[3]. Besides, forests are one of the most important
carbon pools retaining substantial amounts of biomass in their structures. Forest biomass withholds
80% of the total above-ground carbon, and 40% of
the total below-ground carbon of the Earth [4-6].

MATERIALS AND METHODS
Study area. This study investigated pure stands
of Crimean pine within the boundaries of Kastamonu
Regional Directorate of Forestry (Figure 1). In comparison to the other 27 regional directorates of Turkey, this forest directorate provide the highest
amount of growing stock with 201.4 million m3 and
4.3 million m3 annual volume increment which eaquals to about 13% of the whole country. In the region, forests cover a total of 1.26 million ha, which
is about 66% of the total area [14]. Besides, Crimean
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ensure these distributions. Relative densities (RD)
were calculated using the formula generated by [18]:

pine is the most common tree species with 0.38 million ha distribution area in the region [17].
The study area features a very humid climate
with high amounts of precipitation throughout the
year. Slope of the study area varies from 0% to 80%,
and elevation ranges between 604 m and 1579 m
above sea level with an average of 1149 m. There
was no evidence of harmful effects such as insect and
forest fire within the study site. All of the sampled
areas consist of pure, even-aged and naturally regenerated Crimean pine stands.

ܴ ܦൌ

ீ
ௗ భȀమ

(1)

where G is a stand basal area (m2 ha-1), and dq is the
corresponding quadratic mean diameter at breast
height (cm).
Site indexes were calculated on the basis of existing site index equation developed by [19], using
dominant heights and stand ages measured and calculated within the sample plot. After calculations of
the site indexes, site classes of 1, 2, 3, 4 and 5 were
determined for the site indexes of 32, 27, 22, 17 and
12 m, respectively, for each sample plot. Mean stand
diameters were computed as quadratic mean diameter of each sample plot. Distributions of the sample
plots relating to relative densities, site classes and diameter classes were given in Figure 2. These distributions show that the sampling design of the study
represents different site and stand characteristics. In
other words, the sample trees used in this study were
sampled from almost all site and stand types of pure
Crimean pine stands within the study area.

Field work. For this study, 227 sample trees
were selected from 192 sample plots. Sample plot
sizes were determined depending on stand crown
closure. The radii of circular sample plots were appointed as 15.96, 13.82, and 11.28 m for crown closures of 11-40, 41-70, and >71%, respectively. For
the sample plots with excessive number of trees, the
radius of the plot was reduced to 7.98 m. Sample
plots were randomly selected to represent different
relative stand densities, diameter classes and site
qualities which directly affect the growth rate. Relative stand densities, mean stand diameters and site
classes for each sample plot were calculated to

FIGURE 1
Geographic location of the study area.

FIGURE 2
Distributions of sample plots by relative densities (a), site classes (b) and diameter classes (c).
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dried at 105±3 °C. The needles were dried for 48
hours while the others were dried for 72 hours. Then,
the oven-dried samples were moved from the oven
to a desiccator for cooling, and the oven-dried
masses of the samples were measured. Total ovendried stemwood and stembark biomasses of sample
trees were obtained using the following formulas:

ܯ௦௧ ൌ ܯ௦௧ሺ௦ሻ ೞ
(2)

In each sample plot, at least one sample tree,
which diameter at breast height (dbh) was near to the
mean diameter of sample plot, was chosen for collecting AGB and AGC data. The sample trees were
chosen from candidate trees that have average
health, vigor condition, unbroken tops and dbh close
to dq. Prior to cutting the sample trees, areas around
them were cleared of brushes, small trees, and shrubs
to avoid mixing with sample materials. All sample
trees were felled at 0.30 m from the ground level, and
the rings at this level were counted. Next, ages of the
sample trees were determined by adding three years
(average age of Crimean pine at 0.30 m in the region)
to the number of counted rings. Sample trees were
separated into AGB components including
stemwood, stembark, branches and needles in the
field. For the determination of sample tree stem volume, diameters and bark thicknesses at stump height
(0.30 m), breasth height (1.30 m), 2.30 m, and intervals every 1-2 m along the tree stem were measured.
%\ XVLQJ WKHVH PHDVXUHPHQWV DQG 6PDOLDQ¶V IRU
mula, sample tree stem volumes (over- and underbark) were calculated. A procedure recommended by
Alemdag [20] was followed for field data collection,
with some changes. For example, one of these
changes was that 8.0 cm over-bark was taken into account as top point of merchantable stem height in this
study, while Alemdag applied 9.1 cm for this point.
The reason of this change is the differences of forestry standards between the compared countries. The
procedure for field work applied in this study was
explained below.
Total tree height (h, from ground to tip) was
measured with a tape to the nearest 0.1 m, and stem
height from ground level to the point where diameter
over-bark equals to 8.0 cm (merchantable height, hm)
were determined for each sample tree. The stem
points at breast height (1.30 m from ground level),
hm, and 1/3 and 2/3 of the hm were marked and totally
4 sample disks 4 cm in height were taken from these
marked points.
Lenghts and diameters at junction with tree
stem of all branches were measusered and recorded.
A branch with average lenght and diameter was chosen as a sample of separated branches of the tree.
Fresh weights of the sample disks, sample branch
and the whole needles separated from the sample
branch were measured in the field. Following the
measurements of the fresh weights of these samples,
each one was put into polyethylene bags labelled to
indicate sample plot number, sample tree number,
and sample code.

ೞሺೞሻ

where Mst and Mst(s) are oven-dried biomass of stem
wood and average oven-dried biomass of sample
disks (kg), while Vst and Vst(s) are under-bark volume
of trees and average under-bark volume of sample
disks (m3), respectively;

(3)
ܯ ൌ ܯሺ௦ሻ ್ೌ
್ೌሺೞሻ

where Mba and Mba(s) are oven-dried biomass of tree
stem bark and average oven-dried biomass of subsample bark (kg), hile Vba and Vba(s) are bark volume
of trees and average bark volume of sample disks
(m3), respectively.
The equation suggested by Porté et al. [21] to
calculate the oven-dried biomasses of each branch of
the sample tree is given below:
ܯሺ௦ሻ ൌ ܾ ݀ భ
(4)
where Mbr(s) is oven-dry biomass of a single branch,
and db is diameter at junction with tree stem of the
branch. b0 and b1 parameters of the equation were
obtained by regression analysis conducted on the
data including branch diameter and oven-dry biomass of related branch. In this study, the values of b0
and b1 parameters of Equation 4 were 78.961 and
2.086, respectively. As mentioned above, diameters
at junction with the tree stem of each branches of the
sample tree were measured during the field work. By
using these measurements and the Equation 4, ovendry biomasses of all branches of the related sample
tree were estimated and total oven-dry biomass for
all branches of the sample tree (ܯ ሻ was obtained
as sum of the estimated branch biomasses according
to formula:
(5)
ܯ ൌ  σ ܯሺ௦ሻ
For calculation of the oven-dry needles biomass
of the sample tree, the same procedure was followed.
b0 and b1 parameters of the equation were obtained
by regression analysis executed on the data including
branch diameter and oven-dry needles biomass of related sub-sample branch. The values of b0 and b1 parameters of Equation 6 were 95.935 and 1.344, respectively. Next, the oven-dry needles biomasses for
the all sample branches were estimated using the derived equation. The total oven-dry needles biomass
of sample tree (ܯௗ ) was obtained as sum of the estimated needles biomasses. The equations used are
given below:
(6)
ܯௗሺ௦ሻ ൌ ܾ ݀ భ
(7)
ܯௗ ൌ  σ ܯௗሺ௦ሻ

Laboratory work. Diameters (before and after
barking) and heights of sample disks were measured
in laboratory. With these measurements, volume
(over- and under-bark) of the disks were calculated.
For determination of oven-dry masses of 4 sample
disks, bark of the disks, sample branches and sample
needles of each sample tree, these components were

All AGB components of the sample trees were
obtained as explained above. Total AGB of the
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estimations could be single-entry (including dbh as
an independent variable), double-entry (including
dbh and h as independent variables), and multipleentry (including wood density or humudity in addition to dbh and h as independent variables). It is
stated that the singly-entry biomass and carbon equations are generally used for local studies [22]. However, double- or multiple-entry equations are more
useful for regional or wider area studies to avoid high
estimate errors. In addition, it is recommended that
including the tree height as an independent variable
in addition to dbh improves the estimation success of
biomass and carbon stock estimations [23,24].
In the literature, numerous single-, double- and
multiple-entry equations have been used for biomass
and carbon estimations [6,9,12,22-52]. Among these
equations, most commonly used 18 single- and 24
double-entry equations were fitted by regression
analysis for both biomass and carbon estimations in
this study (Table 2).

sample tree was calculated by summing up the component biomasses:
(8)
ܯீ ൌ ܯ௦௧  ܯ  ܯ  ܯௗ
After grinding and sifting the oven-dried samples (i.e., 4 sample disks, stembark, branch and needles), Elemental Analyzer (EA3000-Single, Eurovector) was used to determine the carbon concentration of the components. By multiplying the carbon
concentrations (Cc, %) with dry biomass of a component (kg), carbon stocks of stemwood (Cst), stembark (Cba), branch (Cbr) and needles (Cnd) for each
sample tree were calculated. AGC stock (CAG) of the
sample trees was obtained by summing the carbon
stocks of all components (i.e., Cst, Cba, Cbr and Cnd).
Data evaluation. Data obtained from 227 sample trees were split into 2 groups; 170 (75%) sample
trees for regression analysis and 57 (25%) sample
trees for validation. The statistics for the sample trees
were summarized in Table 1 for regression and validation groups.
Equations for biomass and carbon stock

TABLE 1
Summary statistics of the sample trees.
Fitting Group (n=170)

Validation Group (n=57)

dbh (cm)
h (m)
Volume (over-bark) (m3)
Volume (under-bark) (m3)
Mst (kg)
Mba (kg)
Mbr (kg)
Mnd (kg)
MAG (kg)
Ccst (%)
Ccba (%)
Ccbr (%)
Ccnd (%)
CcAG (%)
Cst (kg)
Cba (kg)
Cbr (kg)
Cnd (kg)
CAG (kg)
dbh (cm)
h (m)
Volume (over-bark) (m3)
Volume (under-bark) (m3)
Mst (kg)
Mba (kg)
Mbr (kg)
Mnd (kg)
MAG (kg)
Ccst (%)
Ccba (%)
Ccbr (%)
Ccnd (%)
CcAG (%)
Cst (kg)
Cba (kg)
Cbr (kg)
Cnd (kg)
CAG (kg)
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Mean
28.0
15.8
0.6230
0.4680
230.0
44.9
48.9
21.2
345.0
51.1
51.6
50.5
50.8
51.0
118.4
23.3
24.8
10.8
177.2
27.6
15.8
0.5899
0.4378
212.0
44.9
46.6
20.4
323.9
51.1
51.4
50.2
51.1
51.0
108.3
23.1
23.4
10.5
165.2

Std. Dev.
10.4
5.0
0.6240
0.4814
242.0
42.5
43.0
12.6
312.0
2.4
1.6
2.8
2.7
1.8
127.6
22.3
21.9
6.4
167.8
10.6
5.0
0.5421
0.4071
196.8
44.3
38.4
11.1
272.5
2.2
1.7
2.3
3.0
1.5
101.8
22.6
19.4
5.7
140.3

Minimum
9.5
4.4
0.0209
0.0144
6.7
1.7
1.5
2.1
24.9
45.1
47.3
43.9
44.9
47.2
3.8
0.9
0.7
1.1
12.5
8.5
5.2
0.0188
0.0103
6.4
1.6
3.6
3.5
17.9
45.4
47.7
43.7
45.1
47.4
3.5
0.8
1.8
1.9
9.1

Maximum
58.5
32.9
4.3390
3.4594
1466.1
213.8
202.8
61.8
1842.8
58.0
55.0
59.3
58.9
56.2
779.4
116.8
111.1
32.3
976.2
51.3
28.2
2.0109
1.4836
858.3
226.2
187.1
54.8
1166.5
55.5
54.9
55.5
57.4
53.8
462.8
110.1
99.5
27.7
621.4
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TABLE 2
Equations fitted for biomass and carbon estimations.
Single-entry equations
Double-entry equations
(9)
ܻ ൌ ܾ  ܾଵ ܾ݄݀
ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ܾ݄݀ଶ  ܾଷ ݄
ଶ
(10) ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ܾ݄݀ଶ  ܾଷ ሺܾ݄݄݀ሻ
ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ܾ݄݀ 
ଶ
(11) ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ݄  ܾଷ ሺܾ݄݀ଶ ݄ሻ
ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ܾ݄݀ 
ଷ
ܾଷ ܾ݄݀ 
(12) ܻ ൌ ܾ  ܾଵ ݄  ܾଶ ܾ݄݀ଶ 
ܻ ൌ ܾ  ܾଵ Ȁܾ݄݀
(13) ܻ ൌ ܾ  ܾଵ ܾ݄݀ଶ  ܾଶ ሺܾ݄݄݀ሻ
ܻ ൌ ܾ  ܾଵ ܾ݄݀ଶ 
ଶ
(14) ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ݄  ܾଷ ܾ݄݀ଶ  ܾସ ݄ଶ 
ܻ ൌ ܾଵ ݀  ܾଶ ܾ݄݀ 
ଶ
(15) ܻ ൌ ܾ  ܾଵ ܾ݄݀Ȁ݄
ܻ ൌ ܾଵ ܾ݄݀ 
(16) ܻ ൌ ܾ ܾ݄݀భ ݄మ 
ܻ ൌ ܾ ܾ݄݀భ 
(17) ܻ ൌ ܾ  ܾଵ ܾ݄݀ଶ ݄
ܻ ൌ ܾ  ܾଵ ܾ݄݀మ 
ௗ
(18) ܻ ൌ ܾଵ ܾ݄݀ଶ ݄
ܻ ൌ ܾ ܾଵ 
(19) ܻ ൌ ܾ ሺܾ݄݀ଶ ݄ሻభ 
ܻ ൌ ݁ బ ାభௗ 
బ ାభ Ȁௗ
(20) ܻ ൌ ܾ  ܾଵ ܾ݄݀ଶ  ܾଶ ܾ݄݀ଶ ݄

ܻൌ݁
భ ௗ
(21) ܻ ൌ ܾଵ ܾ݄݀ଶ  ܾଶ ݄  ܾଷ ܾ݄݀ଶ ݄
ܻ ൌ ܾ ݁

(22) ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ሺܾ݄݄݀ሻ  ܾଷ ܾ݄݀ଶ  ܾସ ܾ݄݀ଶ ݄
ܻ ൌ ܾ  ܾଵ  ܾ݄݀
(23) ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ሺܾ݄݄݀ሻ  ܾଷ ܾ݄݀ଶ  ܾସ ݄
 ܻ ൌ ܾ  ܾଵ  ܾ݄݀
 ܾହ ܾ݄݀ଶ ݄
(24)  ܻ ൌ ܾ  ܾଵ  ܾ݄݀  ܾଶ  ݄
 ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ܾ݄݀ଶ 
(25)  ܻ ൌ ܾ  ܾଵ  ܾ݄݀ଶ  ܾଶ  ݄
 ܻ ൌ ܾ  ܾଵ  ܾ݄݀ଶ 
(26)  ܻ ൌ ܾ  ܾଵ  ܾ݄݀ଶ  ܾଶ  ݄ଶ 
 ܻ ൌ ܾ  ܾଵ ሺߨ ܾ݄݀ሻ

 ܻ ൌ ܾ  ܾଵ  ܾ݄݀  ܾଶ  ܾ݄݀ଶ ݄
 ܻ ൌ ܾ  ܾଵ  ܾ݄݀  ܾଶ  ݄  ܾଷ  ܾ݄݀ଶ ݄
 ܻ ൌ ܾ  ܾଵ  ܾ݄݀ଶ ݄
ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ݄
ܻ ൌ ܾ  ܾଵ ܾ݄݀  ܾଶ ܾ݄݀ଶ  ܾଷ ܾ݄݀ଶ ݄
ܻ ൌ ܾ  ܾଵ ܾ݄݀ଶ  ܾଶ ݄  ܾଷ ܾ݄݀ଶ ݄
* Y is the biomass or carbon stocks for components or the whole above-ground tree, dbh is diameter
height, h is tree height and ܾ ܾଵ ܾଶ ܾଷ ܾସ ܾହ are the parameters of the equations.

(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
at breast

the most successful single- and one double-entry biomass and carbon equations were decided for each
components and total above-ground, with respect to
the highest R2, the lowest RMSE and biologically
sensible estimates. Because of the high volume of tables obtained to illustrate the results of parameter estimates, R2 and RMSE values for each biomass and
carbon components, only the results of the most successful single- and double-entry equations generated
for the estimation of tree biomass and carbon stock
for the components and above-ground total were
given in Table 3 and Table 4, respectively.
As it can be seen in the Table 3, single-entry
Eq. 16 was chosen as the most successful model for
Mst and MAG estimations, while Eq. 15 provided the
best estimates for Mba, Mbr and Mnd. Besides, doubleentry Eq. 37 ensured the best statistics for Mst estimation, while Eq. 36 was found to be the most successful for the others. As similar to biomass estimations, single-entry Eq. 15 and 16 and double-entry
Eq. 36 and 37 presented the best results for carbon
stock estimations. Single-entry Eq. 16 was chosen as
the most successful model for Cst and CAG estimations, while Eq. 15 provided the best estimates for
Cba, Cbr and Cnd. In addition, double-entry Eq. 37 was
selected as the best model for Cst estimation, while
Eq. 36 showed the most successful statistics for the

For the evaluation and selection of the equations, both numerical comparions and graphical examinations were executed. First, stemwood, stembark, branch, needles and aboveground total biomass
and carbon values for independent validation group
(57 sample trees) were estimated using the equations
with all parameters significant at the 0.05 level.
Paired t-test was utilized for the estimated and observed values of the biomass and carbon stock of the
control trees. As results of the t-test, equations having significantly different estimations (p<0.05) were
eliminated in this step. The equations having the
highest coefficient of determination (R2) and the
lowest root mean square error (RMSE) that ensure
biologically sensible curves were chosen as the most
successful models. The model evaluation and selection were applied for each biomass and carbon components and total above-ground.

RESULTS
Among the equations fitted for biomass and
carbon stock estimations, the equations with all parameters are significant at the 0.05 level were selected. Then, paired t-test was utilized for all the selected equations using the validation data. Finally,
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and estimations by the most successful models were
given in Figures 3 and 4. As it can be seen on these
figures, the estimates for biomass and carbon stock
of the above-ground total are more coherent. Moreover, there is no significant difference between the
predicted and observed values.

other components (Table 4). For the biomass and
carbon stock estimations, the most successful singleand double-entry equations with fitted parameters
were given in Table 5.
Visual comparisons between the observed
above-ground total biomass and carbon stock values

TABLE 3
Goodness-of-fit statistics for the best biomass equations.
R2
Single-entry equations
Mst (kg)
0.945
Mba (kg)
0.869
Mbr (kg)
0.863
Mnd (kg)
0.884
0.965
MAG (kg)
Double-entry equations
Mst (kg)
0.980
Mba (kg)
0.860
Mbr (kg)
0.746
Mnd (kg)
0.748
MAG (kg)
0.975

RMSE

b0

b1

Eq. Number

88.129
22.402
24.180
8.408
93.498

0.023

2.677
0.052
0.055
0.021
2.343

16
15
15
15
16

0.992
0.002
0.002
0.001
0.020

37
36
36
36
36

0.112

53.492
23.178
32.880
6.680
74.833

0.015

TABLE 4
Goodness-of-fit statistics for the best carbon stock equations.
R2
RMSE
b0
b1
Single-entry equations
Cst (kg)
0.946
48.071
0.011
2.692
Cba (kg)
0.866
11.827
0.027
0.861
12.339
0.028
Cbr (kg)
Cnd (kg)
0.881
4.349
0.011
0.964
51.958
0.054
2.362
CAG (kg)
Double-entry equations
Cst (kg)
0.980
31.138
0.007
0.998
Cba (kg)
0.859
12.107
0.001
0.748
16.620
0.001
Cbr (kg)
0.743
6.385
0.0005
Cnd (kg)
0.972
40.772
0.010
CAG (kg)

Eq. Number
16
15
15
15
16
37
36
36
36
36

TABLE 5
The most successful equations with fitted parameters for biomass and carbon stock estimations.
Double-entry equations
Single-entry equations
ଶǤ
ܯ௦௧ ൌ ͲǤͲʹ͵ܾ݄݀

ܯ௦௧ ൌ ͲǤͲͳͷሺܾ݄݀ଶ ݄ሻǤଽଽଶ 
ܯ ൌ ͲǤͲͷʹܾ݄݀ଶ 
ܯ ൌ ͲǤͲͲʹܾ݄݀ଶ ݄
ܯ ൌ ͲǤͲͷͷܾ݄݀ଶ 
ܯ ൌ ͲǤͲͲʹܾ݄݀ଶ ݄
ଶ
ܯௗ ൌ ͲǤͲͲͳܾ݄݀ଶ ݄
ܯௗ ൌ ͲǤͲʹͳܾ݄݀ 
ଶǤଷସଷ

ܯீ ൌ ͲǤͲʹͲܾ݄݀ଶ ݄
ܯீ ൌ ͲǤͳͳʹܾ݄݀
ଶǤଽଶ

ܥ௦௧ ൌ ͲǤͲͲሺܾ݄݀ଶ ݄ሻǤଽଽ଼ 
ܥ௦௧ ൌ ͲǤͲͳͳܾ݄݀
ଶ
ܥ ൌ ͲǤͲͲͳܾ݄݀ଶ ݄
ܥ ൌ ͲǤͲʹܾ݄݀ 
ܥ ൌ ͲǤͲͲͳܾ݄݀ଶ ݄
ܥ ൌ ͲǤͲʹͺܾ݄݀ଶ 
ଶ
ܥௗ ൌ ͲǤͲͲͲͷܾ݄݀ଶ ݄
ܥௗ ൌ ͲǤͲͳͳܾ݄݀ 
ଶǤଷଶ
ܥீ ൌ ͲǤͲͷͶܾ݄݀

ܥீ ൌ ͲǤͲͳͲܾ݄݀ଶ ݄
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FIGURE 3
Biomass estimates by single- (a) and double-entry (b) equations vs. observed values.

FIGURE 4
Carbon stock estimates by single- (a) and double-entry (b) equations vs. observed values.
with R2 of 0.945 and 0.980 for single- and doubleentry equations of Mst and 0.946 and 0.980 for single- and double-entry equations of Cst. The main reason of this difference can be attributed to the high
correlation between stemwood mass and variables of
dbh and h.
Mst, Mba, Mbr, Mnd and MAG values were estimated for diameters between 8 cm and 60 cm, using
the selected single-entry biomass equations (Figure
5). The differences between the values of biomass
components are being raised with the increase of
dbh. The biomass values of the components were,
from the highest to the lowest, in the following order;
Mst, Mbr, Mba, Mnd. The rate of biomass increase for
stemwood was much higher than the others when the
trends of estimated curves were investigated from
the figure. Figure 5 visually demonstrates also the ratios (%) of biomass values of the components in
above-ground total biomass. The figure shows that
the ratios are close to each other for small diameters,
while the ratio of stemwood biomass immensely
rises with the increase of dbh values, compared to the
other components. The ratio of Mst increased from
15% to 70% with the tree growth in terms of dbh,
while the ratios of Mba, Mbr and Mnd decreased from
25 to 10%, from 30 to 15%, and from 20 to 15%,
respectively.

DISCUSSION AND CONCLUSION
In this study, the most commonly used 18 single- and 24 double-entry equations were fitted for biomass and carbon estimations for pure Crimean pine
stands in Kastamonu region. These fittings were
done for each biomass and carbon components (Mst,
Mba, Mbr, Mnd, Cst, Cba, Cbr and Cnd), and the above
ground total biomass and carbon stocks (MAG and
CAG).
As a result of the parameter fitting, some parameters of two single- and eleven double-entry
models for Mst, six single- and eleven double-entry
models for Mba, six single- and seven double-entry
models for Mbr, three single- and nine double-entry
models for Mnd, and two single- and nine double-entry models for MAG were found non-significant at the
0.05 level. Besides, some parameters of three singleand eleven double-entry models for Cst, seven singleand ten double-entry models for Cba, six single- and
eight double-entry models for Cbr, four single- and
seven double-entry models for Cnd, and two singleand nine double-entry models for CAG were found
non-significant at the 0.05 level.
When the results of fitting are examined, it was
seen that statistics of goodness-of-fit for Mst and Cst
were more significant than the other components,
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FIGURE 5
Comparisons for biomass amounts (a) and biomass ratios (b) of components.

FIGURE 6
Comparions of MAG estimates obtained from this study and previous studies.
214O217. Authors thank to TUBITAK for providing
financial support. Authors are also grateful to deFHDVHG3URI'U+DNDQ$N\ÕOGÕ]DQGGHFHDVHG0X
zaffer Büyükterzi for their valuable contributions.

In other two studies, single-entry equations
were developed to estimate the above-ground total
biomass for Crimean pine in Zonguldak which is
neighbor of our study region, and represent similar
ecological conditions [53,54]. The comparisons between our above-ground total biomass estimates obtained from this study and the previous studies were
shown in Figure 6. The figure shows that MAG estimates are close to each other for dbhs smaller than
30 cm. The estimates by [53] shows significant negative difference from [54] as well as this study for
larger dbhs.
In Turkey, there are various regions with diverse ecological properties and forest structures.
These features directly and differently affect tree
growth, and thereby biomass and carbon storage
rates of trees. Therefore, more biomass and carbon
stock studies are required locally and regionally. Due
to the regional studies in the future, biomass and carbon stocks of native and wide distributed tree species
can be estimated with low bias. In this way, carbon
inventory for the forested areas in Turkey can be determined more accurately.
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EFFECTS OF NEEMAZAL-T/S CHITIN SYNTHESIS
INHIBITOR (CSI) ACTIVITY AGAINST GALLERIA
MELLONELLA (L.) (LEPIDOPTERA: PYRALIDAE)
Sadettin Unsal*, Hakan Sart
Department of Biology, Faculty of Science, Selçuk University Campus, 42130 Konya, Turkey

secticides because of selective activation and compatibility with the environment. They either cause
the death of insects by inhibiting both embryonic and
postembryonic development and reproduction, or
they become effective by causing some abnormal
morphogenic formations on insects. IGRs are named
as third generation insecticides and are classified according to their action mechanisms [10]. ,*5¶VDQG
the Chitin Synthesis Inhibitors (CSIs) which is an
important class in it, interfere with chitin biosynthesis in insects [11] thus it prevents molting [12].
These compounds have a repressive effect on the life
cycle required for the growth of insects [13].
Currently, azadirachtin is an important and
widely used botanical insecticide. It is obtained from
Azadirachta indica Juss (Meliaceae) tree, also
known as the Neem tree. Azadirachtin is a natural
insecticide originally isolated by Butterworth and
Morgan [14] for the first time. Additionally, it interferes with chitin biosynthesis in insects causing an
abnormal circular accumulation and abortive molting [15, 16, 17]. Moreover, other Neem-derived
IGRs have been reported to behave as 20-hydroxyecdysone imitators [18] and they inhibit ecdysteroid
synthesis [19, 20, 21].
Azadirachtin, which is currently considered as
an IGR [22], has been reported to inhibit feeding
[23], growth and development of insects. High doses
of IGRs have been reported to have toxic effects on
these animals [24]. Conversely, there are no negative
effects on the environment and other living organisms [25].
Although there are many studies related to morphological, toxicological, and ecdysone hormone
roles of azadirachtin and other neem-based compounds [23, 26, 27] few studies related to the CSI
role have been conducted.
The first objective of this study was to determine the LC95 dose of Neem Azal-T/S, which is an
azadirachtin derivative for the sixth instar Galleria
mellonella L. larvae, (being a Lepidoptera sample
and a pest of a honey bee hive). The second objective
of this study was to investigate the morphological,
histological, and histometric CSI roles of lethal and
sublethal concentrations of this compound on the integument.

ABSTRACT
Effects of NeemAzal-T/S on the chitin synthesis inhibitör (CSI) of sixth instar larval integument
of Galleria mellonella L. have been investigated.
With probit analysis method oral LC95 value of
NeemAzal-T/S was determined as 4200 ppm for G.
mellonella larvae. Decreasing concentrations of the
substance such as, 4200 ppm, 2100 ppm, 1050 ppm
and 525 ppm were used. Morphologically, in all exposed the larvae slowing of the movements, growth
inhibition, loss of tissue fluid, blackout and bleeding
were observed in a dose/response manner. Nevertheless, the changes were not at the same level in all
group. The moulting was unsuccessful at four different concentrations. NeemAzal-T/S was found to be
effective on cuticle thickness. Histologically, cuticle
secretion of epidermal cells was blocked at a dose/response manner and the blockage was more definite
at higher concentrations and endocuticular lamellae
formation was blocked. Cuticle secretion of the larvae decreased 27% in 525 ppm, 29% in 1050 ppm,
33% in 2100 ppm and 37% in 4200 ppm NeemAzalT/S containing diet. The action mode of NeemAzalT/S was found to be similar to that of the classical
CSIs (chitin synthesis inhibitors).

KEYWORDS:
NeemAzal-T/S, Greather wax moth, Galleria mellonella,
Chitin synthesis inhibitor (CSI), Cuticle.

INTRODUCTION
In recent years, synthetic organic insecticides
that have been used in pest control programs have
caused environmental damage as they increase SHVWV¶
resistance to insecticides and are toxic to non-target
organisms [1].
As a result of the adventitious effects of traditional insecticides, environment-friendly and food
safe compounds such as Insect Grow Regulators
(IGRs) have been developed [2, 3, 4]. The botanical
insecticides and microbial pesticide insecticides in
IGRs are highly effective, safe and ecologically suitable [5, 6, 7, 8, 9]. IGRs are different from other in-
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of Azaokarmin G and Aniline Blue, modified Mallory's Azan dye, Weigert's Hematoxylin-Eosin, staining methods. Sections were visualized under the
light microscope (Olympus (B51 / B2-FBL3-000))
and the required measurements were performed.
Digital images were recorded at the magnifications
of 400 and 1000 with a Leica (DM 1000) light microscope.

MATERIALS AND METHODS
Chemical. NeemAzal-T/S (AZA) (10 g / 1000
ml) was supplied from Trifolio M Gmbh (Germany)
using an azadirachtin source. For application: Technique NeemAzal-T/S was dissolved in water and
shaken vigorously for about 15 minutes.
The application of NeemAzal-T/S (AZA) for
the fifth instar G. mellonella larvae by the method of
probity analysis [28] revealed the LC95 value as 4200
ppm. In the experiments, of NeemAzal-76¶V LC95
and its sublethal doses such as 2100, 1050, and 525
ppm were used.

Cuticle Thickness Measurements. Cuticle
thickness measurements of the tergum region of the
integument were made under a light microscope at a
40X magnification with the help of an objective micrometer. In the histological slides prepared from the
samples taken at the hours mentioned above, the cuticle thickness of at least 10 different regions of each
sample was measured and replicated four times. The
arithmetic mean and standard error of these values
were calculated. One-way analysis of variance
(ANOVA) was used to compare the mean values of
cuticle thicknesses of the sixth-instar larvae in the
control group and the experimental group
(NeemAzal-T/S group). Duncan¶V (1.1-8) test was
used to determine the significance of differences between the mean values of the groups. All analyses
were performed using a light microscope.

Larvae. The G. mellonella larvae used in the
experiments were obtained from the stock culture.
The larvae were fed with semi-synthetic nutrients
(600g honey + 492g glycerol + 20g honeycomb +
1200 g bran) in glass jars (150x250mm) in an incubator at 28 ± 2qC in 78% relative humidity and completely dark [29].
Application of the Doses. G. mellonella larvae
that had newly molted from the fifth instar and in the
initial hours of the sixth instar were used in the experiments. Prior to NeemAzal-T/S administration,
larvae were starved for four hours to ensure feeding
at the same levels [30]. Different concentrations of
NeemAzal-T/S dissolved in water at a concentration
of 4200 ppm and its decreasing concentrations such
as 2100, 1050 and 525 ppm were thoroughly mixed
with 100 grams of semi-synthetic nutrient of the test
group. The larvae of the control group were placed
in glass jars by only mixing with water. Fifty larvae
were placed in each glass jar of the control and experimental groups containing NeemAzal-T/S nutrients. This process was carried out in three replications. The jars containing the larvae of the control
and experimental groups were maintained at 78 ± 2%
relative humidity and complete darkness at 28 ± 2°C.
Four larvae samples were taken from both control and experimental groups treated with Neem
Azal-T/S (those showing dark color), and were collected at 12, 24, 48, 60, 72, 84, 96, 108, 120 and 132
hours after application. The dead larvae were excluded to avoid histopathological changes which
may occur due to death.

FIGURE 1
Healthy G. mellonella larva, which molted its
fifth-instar integument in the first hours of the
sixth instar

RESULTS

Histology. The head and the end of the abdomen was cut off after the sample larvae were etherized. Neutral formaldehyde was used as fixation solution. The samples were fixed using neutral formaldehyde for 12 to 24 hours. To prepare the blocks,
samples were subjected to washing, dehydration,
clearing, and soft paraffin and hard paraffin treatments, respectively. After all samples were vacumed
in hard paraffin, the paraffin sample blocks were prepared.
Serial sections were taken from the blocks in 6ȝP by microtome and stained with a combination

Changes in the Integuments of the Control
Group. Visual observation of the larvae at the beginning of the sixth instar showed a light-yellow integument, and a fine nodular, bright and transparent
structure (Figure 1). The control group showed a
new cuticle and epicuticular tubercle, which are
formed with the epidermal cells secretions, in the integument cross-sections of the larvae at the beginning of the sixth larval instar at the 12th hour (Figure
2a). At the 24th hour, the relationship between pore
channels and epidermal cells was observed clearly.
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At the 36th hour, the formation of new pro-cuticle
continued with the addition of endocuticular lamellae into the procuticle in the epidermal cells (Figure
2b). In addition to the observation of endocuticular
lamellae in the procuticula at the 48th hour, the
procuticular structure formed with epicuticle, exocuticle and endocuticle layers started to appear (Figure
2c). At the 60th hour, epicuticle, exo-endocuticle differentiation, and endocuticular lamellae were observed (Figure 2d). At the 72nd hour, the Interzone
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cuticle, which is a different layer under the
procuticle and on the apical surface of the epidermal
cells, was observed (Figure 2e). At the 84th hour,
apolysis and formation of the seventh-instar cuticle
commenced (Figure 2f). In the cross-sections of the
96th hour, the digestion of old cuticle began and the
seventh-instar cuticle started to become clear (Figure
2g). At the 108th hour, the entire old cuticle was removed and the seventh-instar cuticle formation commenced.

FIGURE 2
Changes in larval integument of the control group
a; The epicuticular tubercles which were formed at the 12th hour. Azokarmin G-6ROYHQW%OXHFRPELQDWLRQ6FDOHEDUȝPE7KHSURJUHVVLRQ
of the thickening of the procuticular thickness in the new cuticle with the addition of endocuticular lamellae addition at the 36th hour. Weigert's
Hematoxylin-(RVLQ6FDOHEDUȝPF7KHH[R-HQGRFXWLFOHOD\HUVEHFDPHFOHDUDWWKHWKKRXU$]DQVWDLQ6FDOHEDUȝPG7KHH[Rendocuticular differentiation of the procuticle at 60th hour and endocuticular lamellae. Azan stain. Scale bar: 20 μm. e; The layer became clear
of the interzone cuticle at the 72nd hour. Azan stain. Scale bar: 50 μm. f; The removal of the old cuticle and the beginning of the synthesis of
VHYHQWKLQVWDUFXWLFOHZLWKWKHIRUPDWLRQRIWKHDSRO\VLVDWWKHWKKRXU$]DQVWDLQ6FDOHEDUȝPJ7KHK\GURO\VLVRf the chitin content
in the procuticle and the clarification of the seventh instar cuticle at the 96th hour. Azan stain. ScaOHEDUȝPDDSRO\VLVDWDGLSRVHWLVVXH
e: epicuticle, ec: epidermal cell, el: endocuticular lamella, en: endocuticle, et: epicuticular tubercle, ex: exocuticle, h: hemocyte, hp: hydrolised
procuticle, ic: interzone cuticle, nsc: newly synthesized cuticle, oc: old cuticle, p: procuticle, pc: pore chanel, pl: procuticular lamellae.
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TABLE 1
0HDQFXWLFXODUWKLFNQHVVHV ȝP RIWKHFRQWUROJURXSDQGVL[WKinstar G. mellonella L. larvae group with
applied different doses of NeemAzal-T/S. (A.O. ± S.H., four repetitions of ten measurement).
Control
15.75±0.4 a
16.41±0.3 a
17.89±0.8 a
18.69±0.2 a
20.01±0.5 a
21.33±0.7 a
22.97±0.6 a

Time/
Concentration
(hour/ppm)
12
24
36
48
60
72
84

525
(ppm)

1050
(ppm)

2100
(ppm)

4200
(ppm)

15.32±0.4 a
15.72±0.5 b
16.25±0.5 ab
16.66±0.5 ab
17.10±0.5 a
17.64±0.5 b
18.08±0.6 b

14.89±0.3 ab
15.18±0.3 bc
15.53±0.2 bc
15.97±0.2bc
16.40±0.2 b
16.37±0.2 bc
-

14.67±0.3 bc
14.80±0.3 c
14.98±0.3 c
15.18±0.2c
15.33±0.21b
-

14.46±0.2 c
14.53±0.2 d
-

(a,b,c,d) The differences between mean values of different doses at the same time interval and in the same line are important
3 

FIGURE 3
Increase in cuticle thickness of sixth-instar G .mellonella larvae from the control group and
NeemAzal-T/S applied groups and dose/response relationship.
the Control Group. The results of the four mean cuticle thickness measurements of the sixth-instar larvae in the control group are shown in Table 1 and
Figure 3. In the control group, the mean cuticle thickQHVVZDVȝPDWWKHth KRXUDQGȝPDW
the 84th hour. At the 96th hour, the old cuticle started
to be digested and the seventh-instar cuticle started
to become clear. At the 108th hour, the old cuticle
was removed completely and the seventh-instar cuticle was formed.
Macroscopic Effects of NeemAzal±T/S on
the Integument. In the experimental group (Neem
Azal-T/S group), the effect of NeemAzal-T/S at 525
ppm concentration was seen at 24 hours, whereas,
this effect started at 12 hours at 1050, 2100 and 4200
ppm drug concentrations (Figure 4). At 1050, 2100
and 4200 ppm concentrations, the formation of
swelling, loss of tissue fluid, hemorrhages and darkening were observed in the following hours.
Although the development of the larvae in the

FIGURE 4
The darkening and swelling in the integument of
the G. mellonella larvae, which was applied with
NeemAzal-T/S at a concentration of 1050 ppm at
the 12th hour with the effect of insecticides
Larval Cuticle Thickness Measurements of
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curring at the end of 60 hours was statistically significant compared with the control group at the same
WLPH ȝP 3 The life cycle of the larvae in this concentration group was shorter than that
of the 1050 ppm concentration larvae, depending on
the dose increment, and all larvae died at 60 hours.
The effect on the cuticle thickness at the 4200ppm concentration was similar to that of the 2100
ppm concentration in the first 12 hours. At the end
RI  KRXUV WKH YDOXH  ȝP  ZDV VWDWLVWLFDOO\
significant 3 compared with the control
grRXS ȝP $OOODUYDHLQWKLVJroup died at the
end of the 24th hour.
The values of cuticle thickness at all
NeemAzal-T/S concentrations (525, 1050, 2100 and
4200 ppm) applied were significantly lower than the
control group 3  Since epidermal cells have
fewer secretions based on the increased dose/response relationship, NeemAzal-T/S application at
the concentration of 525 ppm, 1050 ppm, 2100 ppm
and 4200 ppm caused 27%, 29%, 33% and 37%
reduction in the cuticula secretion.

525 ppm concentration group was parallel to the control group, some of them succeeded in molting their
sixth instar integument, whereas the others were not
successful. However, both successful and unsuccessful groups eventually died between 120 th and 132nd
hours, depending on the time.
Depending on the dose/response relationship,
the death of the larvae in the 1050 ppm, 2100 ppm,
4200 ppm concentrations groups occurred at the
72nd, 60th, and 24th hours, respectively. The larval integument molting did not occur in 1050, 2100 and
4200 ppm concentration groups (Table 1).
The larval movements slowed down and their
development was inhibited (not at the same rate) before the death of the larvae at four different concentrations applied. The larvae with slow movements
and those having integument darkening were preferred for the samples taken for histological sections.
The Effects of NeemAzal±T/S on Cuticle
Thickness. The mean cuticle thicknesses of the histological sections obtained from the control group
larvae and the experimental group larvae at the sixth
instar and treated with NeemAzal-T/S at different
concentrations (525, 1050, 2100 and 4200 ppm)
were shown in Table 1 and Figure 3. The first 84
hours was taken into consideration for the sixth-instar cuticle thickness measurements since it was
found that the larvae complete their development in
84 hours. Moreover, they hydrolyzed their old cuticle in 96 hours, and they progressed up to another
instar in 108 hours.
All concentrations of NeemAzal-T/S at 525,
1050, 2100, and 4200 ppm resulted in a decrease in
cuticular thickness 3 
Accordingly, although the statistical significance was negligible (P> 0.05) at the 525 ppm Neem
Azal-T/S concentration compared to the control
group at 12th and 60th hours, the cuticle thickness at
this concentration (18.08 ȝP at 84th was statistically and significantly low compared to the thickness
of those in WKH FRQWURO JURXS  ȝP 3
(Table 1). All larvae in this group died at 132 hours.
Although the effect on the 12th hour of cuticle
thickness at 1050 ppm concentration is close to the
values at both control and 525 ppm concentrations,
tKHGHFUHDVHLQWKHFXWLFXODUWKLFNQHVV ȝP DW
24, 36, 48, 60 and 72 hours was statistically significant compared with WKH FRQWURO JURXS  ȝP
3 Depending on the dose/response relationship, all larvae in this concentration died at the 72nd
hour.
The effect on the cuticle thickness at the concentration of 2100 ppm was found to be close to the
effect at the concentration of 1050 ppm in the first
12 and the last 60 hours. In addition to this, the decrease occurring at the end of 12-60 hours was found
to be statistically significant compared to the control
group 3  7KHFXWLFOHWKLFNQHVV ȝP oc-

DISCUSSION
In healthy larvae, the sixth instar G. mellonella
larval integument consisted of the epicuticular and
procuticle, which is formed by the secretion of epidermal cells.
This integument structure was similar to the results of Hegazy et al. [29], which were obtained from
studies investigating the cuticle structure of the G.
mellonella with an electron microscope and lower¶V
[31] integument definition for arthropods. Our
observations showed that epicuticle and exocuticle
formed first in the pre-ecdysial period of the healthy
larvae and the endocuticle was synthesized by the
epidermal cells in the post-ecdysial period which had
the similar results with the study by Retnakaran [32].
Our results showed that the endocuticle in the
post-ecdysial period were synthesized by epidermal
cells, and endocuticle accumulation continued as endocuticular lamel accumulation until the next instar.
These observations were similar with the findings of
Bastorus et al. [33] in Spodoptera littoralis larvae
and Yin-Chang et al. [34] in Agrotis Ypsilon and
Agrotis tokionis (Bulter). They also reported that the
endocuticlar lamellae were added to the procuticle
during the intermolt period.
Insect integument forms an interface between
itself and its surroundings, thus, forming the external
skeleton of insects. Chitin forms the basis of the integument [35]. Chitin, an important cuticle component, is found only in the crustaceans, fungi, protozoans, arthropods, and insects. Chitin is not found in
mammals and higher plants [22]. Chitin is both target and exposure area for the selective insecticides
[36].
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[47]. Ker [48] attributed this phenomenon to a serious weakening of the cuticle due to the absence of
chitin. The values of cuticle thickness at all concentrations (525, 1050, 2100 and 4200 ppm) applied
NeemAzal-T/S were significantly lower than the
control group 305). Since epidermal cells have
fewer secretions due to their dependence on the increased dose/response relationship, NeemAzal-T/S
application at the concentration of 525 ppm, 1050
ppm, 2100 ppm and 4200 ppm caused 27%, 29%,
33% and 37% reduce in the cuticle secretion. This
could be explained by the blockage of cuticle secretion of affected epidermal cells by NeemAzal-T/S,
inhibiting chitin synthesis.
These results are consistent with the results obtained from urea-based CSI conducted studies. Bellinato et al. [49] reported that chitin microfibril formation in Manduca sexta larvae in the triflumuron
application was completely inhibited. Moreover, ElShazly [50] reported that the application of triflumuron to the larvae of Culex pipiens resulted in
the absence of endocuticular lamellae of the cuticles
formed in the larvae. Finally, Deghele also [51]
stated that chitin biosynthesis completely stopped.
The histological findings obtained in this study
showed that different concentrations of Neem AzalT/S in the post-ecdysial cuticle prevented endocuticular lamellae accumulation. Similarly, the reduction
in cuticle thickness due to suppression of expression
of endocuticular lamellae in the procuticle was observed to be 37-41 % in the study of Rehimi &
Soltani [52] in Culex pipiens larvae and 50 % in the
study of Unsal et al. [53] in G. mellonella larvae.
Moreover, the expression of endocuticular lamellae
in the procuticle was 10-40 % in the study of Soltani
& Delachambre [54] in Tenebrio molitor larvae
while it was described as 22.6-46.3 % by Tong &
Hui [55] in Musca domestica larvae.

As an IGR, the mechanism of action of azadirachtin and azadirachtin-derivatives [22, 23] on insects is similar to the chitin synthesis inhibitors entering the acylurea group [37] and the insecticides
entering the benzoylurea group [24]. In addition to
being an ecdysone antagonist, azadirachtin is a chitin
synthesis inhibitor [24, 38].
In previous studies, no data was found related
to the CSI role of azadirachtin and azadirachtin-derivatives except from the studies of Tunaz & Uygun
[22], Schumutterer [24], Ascher [37] and Cassier et
al. [38] Therefore, the results of the CSI role of the
Neem Azal-T/S in this study were compared with already known CSIs roles.
In this study, the probity analysis method of
NeemAzal-T/S was used and the LC95 value of the
sixth instar G. mellonella larvae were found as 4200
ppm. Simultaneously, 4200 ppm of this compound
and its decreasing concentrations, such as 2100,
1050 and 525 ppm were used. Different morphogenic and histological effects of these four different
concentrations on the integument of the sixth-instar
G. mellonella larvae were observed. The effect of
NeemAzal-T/S at 525 ppm concentration was seen
at 24 hours, whereas this effect has started at 12
hours for 1050, 2100 and 4200 ppm drug concentrations. The desire of nutrient consumption in the larvae decreased with increasing doses. Before the
deaths of the larvae at the four different concentrations applied, the movements slowed down, and development was inhibited (not at the same rate). Depending on the concentration and time used, larval
integument swelling, loss of tissue fluid, hemorrhages and darkening and larval deaths were observed.
The larval deaths in the group treated with 525
ppm occurred at the 72nd, 60th and 24th hours in 1050,
2100 and 4200 ppm concentration groups, respectively.
Welling et al. [39] and Fox [40] described CSIs
as stomach poisons, which are effective in the early
instars of holometabolous insects. Mitsui et al. [41]
reported that feeding decreased and the growth
slowed down in the CSI-administered larvae.
Retnakaran et al. [42] stated that the severity of the
toxic effect on the integument depended on the dose
of the insecticide used and on the species of the insecticide applied. Parween [43] noted that insects
treated with CSI underwent weight loss and their integuments became loose and their movements
stopped. Moreover, the insects died following integument darkening.
CSIs cause metamorphic damage because they
damage the molting process [44]. Insecticide-affected insects are unable to synthesize a new cuticle
and fail to molt their old integument [45]. Studies
suggested that the cause of death of these larvae
could be attributed to not molting their old cuticle
[46], or fluid loss when molting their integument

CONCLUSION
The morphological, histological and histometric results of the azadirachtin derivative insecticide,
NeemAzal-T/S, on larval integument of the sixth instar Galleria mellonella L. larvae indicated that this
compound has a classical CSI-like effect exerted by
the inhibition of chitin biosynthesis. The results of
this study suggest that the use of natural products
like Neem Azal-T/S, as a botanical pesticide would
help controlling pests in an environment-friendly
way.
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2

standards [2]. Nowadays anthropogenic sources like
agricultural and industrial activities are considered
primary air pollution sources and causing very serious environmental problems especially in many developing countries [3]. Additionally, important part
of the gaseous emissions and chemical compounds
from industrial processes are being released to atmosphere without any control mechanism and most
of the emissions are responsible for odor nuisance.
Long term exposure to odor emissions can cause on
people to symptoms prevalence of emotional stresses
such as states of headache, unease or depression to
physical symptoms such as, eye irritation, nausea,
respiratory problems or vomiting depending on nature and compositions of odor emissions [4, 5]. Numerous studies have pointed out the associations between high concentration of air pollutants and increased mortality [6, 7]. Apart from the health effect
of odor emissions, increased wellbeing level of people and the evolution of public awareness to exposure to unpleasant odors are becoming one of the
most frequent causes of air quality complaints in
both industrial and urban areas [8±11]. To develop
effective odor emission abatement, governmental
authorities enacted strict legislations and have led industries to adopt proper air pollution treatment alternatives to comply with the legislations. Basic legal
requirements of European union are specified in the
Directive 2008/50/EC (2008) and Directive
2010/75/EU (2010). Also, Turkey enacted in 2013
"Regulation on Control of Emissions that Contribute
to Odor (KOEKHY)" to specify the legal requirements.
It is generally accepted that for effective and
proper odor abatement to be implemented, the problem must first be quantified, and odor characterization should be defined. For odor nuisance assessment, instrumental and olfactometric analyses are
recommended as methods in many cases to determine odorous waste gas emission [12]. Within instrumental techniques e.g. gas chromatography coupled with mass-spectrometry (GC±MS) the qualitative and quantitative composition of a gas mixture
can be determined while sensorial technique of olfactometry uses human nose as a sensor and allows
to determine the threshold of odor and concentration/intensity of odor emissions [13, 14]. Selection
of proper odor abatement techniques tightly depend

ABSTRACT
Characterization of odorous VOC emissions in
waste gas stream and removal of characterized pollutants with a proper technique become prominent.
Within this study, bakery yeast fermentation emissions were analyzed with both instrumental and olfactometric methods to illustrate emission characterization in terms of both objective and subjective
views and were biodegraded in a pilot scale biofilter.
Instrumental analyses determined the chemical composition of emissions where ethanol emission was
reached to 764 mg m-3 at peak hour, which were followed by acetaldehyde (331 mg m-3) and acetone (65
mg m-3). Olfactometric analyses were carried out to
quantify the sensory impact of odors and the odor
concentration was measured at peak hour as 39725
OU m3, which resulted 40 times higher concentration
than legal limits. Process emissions were treated in a
pilot scale biofilter primarily for single ethanol load
and achieved to maximum removal of 97±1 % with
an elimination of 31.7 ±1.2 g mí3 hí1 while ternary
waste gas stream simulation within addition of acetaldehyde and acetone to synthetic stream resulted to
removal of 92±1 %, 86±2 %, 62±1 % with elimination of 38.5 ±1.9 mg m-3, 12.4±1.1 mg m-3, 2.5 ±0.3
mg m-3 for ethanol, acetaldehyde and acetone, respectively. In brief the superior performance of biofilter operation were achieved for both single and ternary gas streams from process emissions while still
process improvement on VOC mass transfer enhancement for high waste gas flow will be required.

KEYWORDS:
Odor, emission, yeast fermentation, characterization, biofilter

INTRODUCTION
Air pollution has become a topic of significant
importance and its adverse effect on human as well
as on environment have been recorded in various
case studies [1]. Wide variety of air pollutants cause
many environmental problems at global, regional
and local scale and threat air quality that lowered life
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MATERIALS AND METHODS

on both instrumental and olfactometric odor characterization. Until now many physical and chemical
odor emission treatment techniques such as adsorption, condensation, ozonation catalytic oxidation,
thermal oxidation have been widely used due to their
advantages of compact equipment requirement and
rapid operation start-up, widescale experience in design and operation [15, 16]. Although these advantages of physical and chemical odor emission
treatment techniques, their non-environmental
friendly nature and, their high capital and operating
costs have required the development of new treatment techniques. Biological treatment alternatives
eliminate many drawbacks of physical and chemical
techniques and represent environmental friendly and
low-cost alternatives to these technologies for treatment of odorous volatile organic compounds [17±
20]. In this context, main types of conventional air
phase bioreactors include biofilters, bio scrubbers
and bio trickling filters. Among these bioreactor configurations, biofilters are used efficiently in wide variety of many hazardous industrial air pollutants [21,
22]. Biofilters are packed bed reactors in which microorganisms are attached on the surface of packing
materials (e.g. plastic, compost, peat) and air stream
passed through packing bed material where gas pollutants are transferred to the microbial film [23].
Also biofilters offer advantages over other biological
air treatment alternatives due to their high flowrate
waste gas elimination capacities especially for the
abatement of dilute volatile organic compound
(VOC) emission streams (<2000 mg m-3) [24±26].
Through industrial processes, bakery yeast production is a branch of food industry with a high frequency of odor emissions that resulted odor nuisance
at surrounding settlements. As a result of yeast production process alcohol group members of VOCs
such as ethanol (E) and acetaldehyde (AD) and acetone (A), which have relatively low odor threshold
levels with wide ranges due to their subjective perception between 20-1000 ppbV,10-210 ppbV and,
40-10000 ppbV respectively, are released to atmosphere from the process and lead to odor problem [27,
28]. Although it is difficult to standardize the emission perception, reduction of emission disposal to atmosphere within the help of treatment technologies
will affect to reduce odor nuisance at surrounding
neighborhoods.
This study aims to reveal the odor emission
characteristic of food fermentation process and to
determine proper biofilter operation conditions on
behalf of odor nuisance abatement for determined
odorous emissions.
At this concept both instrumental and olfactometric odor pollution characterization analyses were
performed and odor level and characteristics in yeast
production process were determined and pilot scale
biofilter operation carried out to check its performance for fermentation emissions abatement.

Yeast Factory Description and Gas Sampling. Field studies were conducted from a fermentation process of yeast factory in Turkey. The waste
gas from fermentation process are released to atmosphere and lead to odor problem at sources also often
causes odor pollution to surrounding communities.
To understand characteristics of process waste
gas emissions, instrumental and olfactometric analyses were carried out directly from the discharge
point of waste gas at the stack. For instrumental analyses; sampling campaigns were conducted hourly as
duplicate directly from the stack onto multisorbent
tubes (to catch both hydrophobic and hydrophilic
compounds onto surface of sorbent tubes) that contained the sorbent materials 20:35 Tenax-7$
 &DUER[HQ  DQG  &DUERVLHYH
SIII. All samples were brought to the laboratory and
analyzed within 24 h, following ASTM 2009 standards. For dynamic olfactometry measurements, pick
hour emissions according to instrumental analyses
results were selected and measurements were carried
out according to EN 13725:2003 standards in parallel with second instrumental measurements. Samples
for dynamic olfactometry analyses were collected
into tedlar bags with a volume of 1 Liter and were
analyzed by accredited laboratories.
Instrumental Analyses. The chemical characterization of each waste gas sample from fermentation process were analyzed by gas chromatograph
(GC, Agilent 7890A, USA) equipped with a mass selective detector (Agilent 5975C, USA) according to
EPA TO17 US-EPA, 1999a, Compendium Method
TO17 (ASTM,2009). Thermal Desorber (TD, CDS
9300) was used as preconcentration equipment and
waste gas samples onto sorbent tubes were first injected to TD and get concentrated for 10 minutes at
250oC then the concentrated gas stream passed
through the a HP5MS (30 m × 0.25 mm × 0.25 μm)
GC column. Oven temperature initially maintained
at 40oC for 3 min, increased at 20 °C miní1 up to final
temperature of 140 °C and hold for 3 min at 140°C.
Process waste gas emissions in the air sample were
identified by comparing their retention times with
the standards.
In pilot scale biofilter operation, gas samples
from the inlet and outlet of column were collected
via using 250 μl gas-tight syringe (Hamilton, USA)
and direct injection to GC/MS were done by using
same instrumental method for chemical component
characterization within discarting preconcentration
unit of TD.
Dynamic Olfactometric Analyses. Olfactometry is sensorial technique directly related to the perception of human nose and allows to characterize
odor concentration (cod), that defined by Sironi et al.
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with the activated sludge of recycling line from
wastewater treatment plant of Ambarli, Istanbul
(Turkey) and schematic view of experimental setup
illustrated in Figure 1. 8 L of the activated sludge
with a volatile suspended solids (VSS) concentration
of 12500 mg L-1 were used as inoculumn and were
resuspended in 2000 mL of MSM and added to the
biofilter column and homogenised before the startup. The system was operated for 144 days within 6
different steady-state conditions (Table 1).
Biofilter operation was started primarly for
single component biodegradation experiments and
the synthetic inlet gas stream was prepared by
injecting of E with a syringe pump as a liquid for
single component stages from the bottom of the
reactor column in a counter mode with the
humidification liquid flow. The biofilter system was
operated with a waste gas flowrate of 2 m3 h-1 and
resulted gas loading rate of 63.7 m3 m-2 h-1 consisting
E emissions of 237 ± 55 mg m-3, 387 ± 37 mg m-3,
667 ± 131 mg m-3, respectively during the first 92
days of operation. AD and A were added to feed gas
stream at the 93rd day of operation, purpose of proper
waste gas characterization of industrial process,
containing emission concentrations at inlet gas
stream as 647 ± 97 mg m-3 for E, 255 ± 48 mg m-3
for AD and 68 ± 16 mg m-3 for A.

as the number of dilutions of odor sample with neutral air that are necessary to bring the odorous sample
to its odor detection threshold concentration. It is expressed as European odor unit per cubic meter (ouE
m-3) [4]. Dynamic olfactometric analyses are based
on dilution of an odor sample to the its odor threshold level, at which the odor can just barely be perceived by 50 % of the test panelists. With this aim of
concept gas samples for olfactometric analyses were
send to accredited laboratory and analyses were carried out in 24 hours after sampling with olfactometer
ECOMA TO8 *PE+EDVHGRQWKH³\HVQR´PHWKRG
according to EN 13725 (2003). Panelists sniffed
odor samples with an increasing concentration until
start to sense an odor that is different from the neutral
reference air. Odor concentration(cod) was then calculated as the geometric mean of the odor threshold
values of each panelist. Detailed analysis method for
dynamic olfactometry was described by the authors
elsewhere [4, 5].
Biofilter Experimental Setup and Operation
Procedure. Biolfilter operation carried out in
cylindrical jacketed PVC column with 0.2 m inner
diameter and height of 2.7 m. Rashing rings (specific
surface area >400 m2/m3) were used as packing
material and reactor operation took place in a
working volume of 47 Liter. Biofilter was inoculated

FIGURE 1
Schematic representation of experimental setup
TABLE 1
Experimental conditions established during the operational stages
Stage
1
2
3
4
5
6

Days of Operation
1-15
15-30
30-92
92-122
122-129
129-144

Compound
Ethanol
Ethanol
Ethanol
Ethanol, Acetaldehyde and Acetone
Ethanol, Acetaldehyde and Acetone
Ethanol, Acetaldehyde and Acetone

7101

Organic Load
10.1 ± 2.3 g m-3 h-1
16.5 ± 1.6 g m-3 h-1
28.4 ± 5.5 g m-3 h-1
41.27 ± 6.8 g m-3 h-1
61.92 ± 8.8 g m-3 h-1
41.27 ± 6.8 g m-3 h-1
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Qgas : Gas flowrate (m3 h-1)
V: Volume of biofilter (m3)

Gas empty bed residence time (EBRT)
maintained as 80 seconds until the 5th stage of
operation where gas flow was increased to 3 m3 h-1
which is resulted a decrease in EBRT to 53 seconds
while gas loading rate increased to 95.5 m3 m-2 h-1.
Irrigation liquid keept main moisture in biofilter
column at 50 % and includes all nutrients and was
composed of (g L-1): Na2HPO4·12H2O, 6.15;
KH2PO4, 1.52; MgSO4·7H2O, 0.2; CaCl2, 0.038;
and 10 mL L-1 of a trace element solution containing
(g L-1): EDTA, 0.5; FeSO4·7H2O, 0.2;
ZnSO4·7H2O, 0.01; MnCl2·4H2O, 0.003; H3BO3,
0.03; CoCl2·6H2O, 0.02; CuCl2·2H2O, 0.001;
NiCl2·6H2O, 0.002; NaMoO4·2H2O, 0.003 [24].
Inlet and outlet E, AD and A concentrations in
the gas phase were daily analysed via using a gastight syringe (Hamilton, USA) by GC-MS. Liquid
samples were also daily collected to determine the
pH level on the irrigation liquid. Moisture content in
the biofilter coloumn was monitored continously via
moisture meter and temperature in the column was
monitored continusly via temperature probe.
The performance of the studied biofilter was
generally evaluated in terms of the removal
efficiency (RE) and elimination capacity (EC) which
were calculated by following equations Eq 1 and Eq
2:
ି௨௧
Removal Efficiency (%) =
ͲͲͳ כ
(Eq 1)
௨௧
Cin : Inlet Concentration (mg m-3)
Cout: Outlet Concentration(mg m-3)
ሺି௨௧ሻכொ௦
Elimination Capacity (g m-3h-1) =

(Eq 2)

Fermentation Cycle (h)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
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RESULTS AND DISCUSSION
Determination of Emission Characteristic
by TD-GC-MS. The instrumental analyses in TDGC±MS allowed to determine the emission
concentrations of one complete fermentation cycle
from process. In order to understand chemical
composition and sensorial effects on human at the
same time, intrumental analyses were done twice. At
the first test assay peak hour emissions were selected
for following olfactometric analyses and at the
second test, sample were collected hourly as
duplicate, simultaneous to olfactometric analyses
and results were illustrated in Table 2 and Figure 2.
Results showed clearly E and AD were primary
pollutants that were consisting of higher than 95% of
total emissions with the maximum concentration of
764 and 331 mg m-3, respectively while only less
than 5% of total emissions were relased to
atmosphere via A with the maximum concentration
of 65 mg m-3 and trace propanol concentration was
recorded during the cycle. Process emissions
reached to their maximum values during the first
hour of fermentation cycle for all characterized
pollutants and peak emissions continued until the 7th
hour of cycle and emissions were started to decrease
sharply after the 8th hour of process and no emissions
were observed at the 16th and 17th hours.

TABLE 2
Time course of average food fermentation cycle emissions
Ethanol
Acetone
Propanol
Acetaldehyde
(mg/m3)
(mg/m3)
(mg/m3)
(mg/m3)
764
65
21
331
711
55
18
285
704
54
20
275
720
58
21
290
634
44
18
215
629
38
18
197
720
47
20
224
612
39
17
197
663
34
15
172
396
23
11
110
359
31
6
145
210
20
1
88
109
10
1
43
15
3
0
7
1
2
0
5
0
0
0
1
0
0
0
0
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Total Emission(mg/m3)
1181
1069
1053
1089
911
882
1011
865
884
540
541
321
163
25
8
1
0

Volume 27 ± No. 10/2018 pages 7099-7107

© by PSP

Fresenius Environmental Bulletin

FIGURE 2
Change of food fermentation process emissions versus time
TABLE 3
Dynamic Olfactometry Odour Concentration
Fermentation Cycle (h)

Sampling
Point

1
4

Fermentor Chimney
Fermentor Chimney

Odour
Concentration
1. Measurement
36781
36781

Odour
Concentration
2. Measurement
41285
21870

Odour
Concentration
3. Measurement
41285
27554

Odour
Concentration
Geometrical Mean
39725
28090

an E.C. of 9.5 ±0.7 gmí3 hí1 on the 12th day of the
operation. At the 15th day, the inlet E concentration
was increased to 387 ± 37 mg m-3 where no notable
change on both RE and EC were observed during
second steady state conditions while biofilter was
able to remove higher than 95% of organic load input. After the 30th days of operation, the E concentration at the inlet increased to 667 ± 131 mg m-3
which presented peak E emissions during fermentation cycle. A step change in E concentration was resulted in only slight reduction in RE as 90±1% with
an EC of 28.3 ±1.1 g mí3 hí1 by day 33 while on the
following days system reached again RE of 97±1%
with an E.C of 31.7 ±1.2 g mí3 hí1 by the day 54.
Accidentally stopping irrigation at the day 62 resulted in a sharp decrease in RE to 81±2% corresponding to E.C of 23.3 ±1.0 g mí3 hí1 in consequence of decelerating the microbial activity under
limiting moisture content below % 25. At this point
of concept, it is important to highlight that also previous authors were pointed out the detrimental effect
of moisture content reduction on microbial activity
and studies reported a sharp decrease by RE for target component when the moisture content remained
below % 35 [29, 30]. Noticeable increase was recorded after returning previous irrigation cycle to supply % 50 of moisture content and system reached to
maximum removal by the day 77 with RE of 98±1 %
and resulted in E.C. of 32.7 ±0.9 g mí3 hí1.

Determination of Odor Concentration via
Dynamic Olfactometry Analyses. According to the
results of first instrumental measurements, peak
emission hours were selected for dynamic olfactometry measurements and on the second sampling procedure, the samples at the 1st and 4th hour of process
cycle were collected for dynamic olfactometry analyses while the second instrumental measurement
were repeated for entire cycle. Odor emissions for
olfactometric analyses were determined by sniffing
the odorous gas emissions by panelists and odor
threshold level were perceived by panel members as
39725 OU/m3 and 28090 OU/m3 respectively, the
first of which almost 40 times higher than legal limits. Additionally dynamic field olfactometry measurements were found in the range of previous odor
threshold levels from literature [27, 28] and Table 3
illustrates results for dynamic olfactometric measurement.
Biofilter Operation Results. Since E was the
dominant form of pollutant in the exhaust emission,
biofilter operation was started primarily with single
E feed with an EBRT of 80 seconds for 237 ± 55 mg
m-3 E concentration and with an air flowrate of 2 m3
h-1. After a startup period, the RE gradually increased to 90±5% at the 3rd day, corresponding to EC
of 8.5 ±0.7 gmí3 hí1 Figure 3. At the first steady
state, the system reached to the RE up to 98±1% with
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FIGURE 3
Time course of ethanol removal efficiency (
) and elimination capacity (
). Vertical lines represent
different operating stages as indicated in the upper part of the figure.

FIGURE 4
Inlet and outlet concentrations of ethanol during the mass transfer test

FIGURE 5
Ethanol removal efficiency and elimination capacity during the mass transfer test
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FIGURE 6
Time course of acetaldehyde(A), ethanol(B) and acetone(C) removal efficiency (
) and elimination
capacity (
). Vertical lines represent different operating stages as indicated in the upper part of the
figure.
m-3 for A to simulate peak process conditions in Figure 6.
During the early steps of ternary gas mixture
feeding to the biofilter, E removal was not affected
by other compounds. Similar characteristics were
observed for AD removal with RE of 89±1 % and an
E.C of 9.7 ±1.2 g mí3 hí1 by the day 99 while only
partly removal was observed for A corresponding to
R.E of 28±1 % and an E.C of 1±0.2 g mí3 (Figure 6).
After 10 days of adaptation period A removal doubled and E.C reached to 1.9 ±0.2 g mí3, while same
elimination levels were observed for E and AC. By
the day 122 after reaching stabile elimination for
both three compounds synthetic waste gas flow increased 50 % and reached to 3 m3 h-1 that corresponded EBRT of 53 seconds. Increase by in organic
loading by 50 % resulted in a sharp decrease by removal for all compounds and recorded by day 128
R.E. of 50±1 %, 64±1%, 20±1 % for E, AD and A
respectively corresponding lowest E.C. at day 128
with 14.6 ±1.2 g mí3, 9±1.2 g mí3, 1.1 ±0.3 g mí3 for
E, AD and A. Also other studies pointed possible antagonistic reactions during simultaneous biodegradation of multicomponent under high organic loads
and could led to production of possible inhibiting by-

After successfully elimination of E as a single
component in the system by day 93, a mass transfer
test was performed via increasing E inlet concentration two times in order to identify if the system was
limited either by biological activity or by mass transfer for further step (mixture emissions). Samples
from inlet and outlet were taken hourly during the
test and illustrated in Figure 4 and the effect of increase by mass transfer to EC and RE was shown in
Figure 5.
An increase in EC upon step change at inlet E
concentration, showed that biodegradation capacity
of microbial community on biofilter almost doubled
with only slight decrease on RE. These results indicate the contribution of mass transfer limitation on
the performance of the biofilter. Increasing the mass
transfer capacity of the system may result in further
use of mineralization capacity of microorganisms
present in the biofilter. At day 93, AD and A were
added to synthetic gas stream together with E to simulate complete pick hour waste gas characterization
of the yeast fermentation process cycle. Therefore,
inlet gas stream to biofilter contained 647 ± 97 mg
m-3 of E, 255 ± 48 mg m-3 of AD and 68 ± 16 mg
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products [31, 32]. This might be explain the detrimental effect of organic load increase on biodegradation, to avoid the detrimental effect after increasing the organic load, system returned to previous
conditions by the day 129 and recovered itself in a
day and system operation stopped by day 144 after
reaching R.E. of 92±1 %, 86±2 %, 62±1 % with E.C.
38.5 ±1.9 g mí3, 12.4±1.1 g mí3, 2.5 ±0.3 g mí3 for
E, AC and A, respectively due to problems on the air
line compressors.
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[3] Kanada, M., Dong, L., Fujita, T., Fujii, M.,
Inoue, T., Hirano, Y., Togawa, T., Geng, Y.
(2013) Regional disparity and cost-effective
SO2pollution control in China: A case study in
5 mega-cities. Energy Policy. 61, 1322±1331.
[4] Sironi, S., Capelli, L., Céntola, P., Del Rosso,
R., Pierucci, S. (2010) Odour impact assessment
by means of dynamic olfactometry, dispersion
modelling and social participation. Atmos.
Environ. 44, 354±360.
[5] Wenjing, L., Zhenhan, D., Dong, L., Jimenez,
L.M.C., Yanjun, L., Hanwen, G., Hongtao, W.
(2015) Characterization of odor emission on the
working face of landfill and establishing of
odorous compounds index. Waste Manag. 42,
74±81.
[6] Nobles, C.J., Schisterman, E.F., Ha, S., Kim, K.,
Mumford, S.L., Buck Louis, G.M., Chen, Z.,
Liu, D., Sherman, S., Mendola, P. (2018)
Ambient air pollution and semen quality.
Environ. Res. 163, 228±236.
[7] Huang, J., Pan, X., Guo, X., Li, G.: Impacts of
air pollution wave on years of life lost (2018) A
crucial way to communicate the health risks of
air pollution to the public. Environ. Int. 113, 42±
49.
[8] Pettarin, N., Campolo, M., Soldati, A. (2015)
Urban air pollution by odor sources: Short time
prediction. Atmos. Environ. 122, 74±82.
[9] Franssen, E.A.M., Staatsen, B.A.M., Lebret, E.
(2002) Assessing health consequences in an
environmental impact assessment: The case of
Amsterdam Airport Schiphol. Environ. Impact
Assess. Rev. 22, 633±653.
[10] %DOWUHQDV 3 $QGUXOHYLþLXV / =XRNDLWH (
(2013) Application of dynamic olfactometry to
determine odor concentrations in ambient air.
Polish J. Environ. Stud. 22, 331±336.
[11] %DGDFK - .RODVLĔVND 3 3DFLRUHN 0
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'\PQLFND 0 1DPLHĞQLN - (2018) A case
study of odour nuisance evaluation in the
context of integrated urban planning. J. Environ.
Manage. 213, 417±424.
[12] Romain, A.C., Delva, J., Nicolas, J. (2008)
Complementary approaches to measure
environmental odours emitted by landfill areas.
Sensors Actuators, B Chem. 131, 18±23.
[13] Capelli, L., Sironi, S., Del Rosso, R., Céntola,
P., Il Grande, M. (2008) A comparative and
critical evaluation of odour assessment methods
on a landfill site. Atmos. Environ. 42, 7050±
7058.
[14] Gostelow, P., Parsons, S. a, Stuetz, R.M. (2001)
Review Paper Odour Measurements for Sewage
Treatment. Wat. Res. Vol. 35, 579±597.

CONCLUSION
To the best of our knowledge, the present work
constitutes the first field study for odor causing emission characterization simultaneously by both objective (instrumental) and subjective (olfactometric)
views in yeast industry. Results were recorded as
quite higher than legal limits and it was compulsory
to eliminate the emissions with high RE to reach legal limits. Pilot scale biofilter was selected in this
study due to its low capital cost and environmental
friendly nature for characterized yeast fermentation
emissions to reach legal limits and this study demonstrated the feasibility of using biofilter as an alternative treatment for directly simulate VOC emissions
from the bakery yeast industry. Although the features of this process make biofilter application suitable as end-of-pipe technology in this process, but
more research on VOC mass transfer enhancement
should be developed and still process optimization
by operation parameters should be investigated to
improve A degradation.

ACKNOWLEDGEMENTS
This research was supported by The Scientific
and Technological Research Council of Turkey
within the project number TUBITAK 112Y273 and
the name ³5HPRYDORIodor emissions from food fermentation and Petrochemical Production Processes
with using Biofilter and Bioscrubber.

REFERENCES
[1] Rene, E.R., Estefanía López, M., Veiga, M.C.,
Kennes, C. (2011) Neural network models for
biological waste-gas treatment systems. N.
Biotechnol. 29, 56±73.
[2] Kahya, C., Bekta Balcik, F., Oztaner, Y.B.,
Ozcomak, D., Seker, D.Z. (2017) SpatioTemporal Analysis of Pm2 . 5 Over Marmara
Region, Turkey. Fresen. Environ. Bull. 26, 310±
317.

7106

© by PSP

Volume 27 ± No. 10/2018 pages 7099-7107

[15] Lebrero, R., Rodríguez, E., Martin, M., GarcíaEncina, P.A., Muñoz, R. (2010) H2S and VOCs
abatement robustness in biofilters and air
diffusion bioreactors: A comparative study.
Water Res. 44, 3905±3914.
[16] Barbusinski, K., Kalemba, K., Kasperczyk, D.,
Urbaniec, K., Kozik, V. (2017) Biological
methods for odor treatment ± A review. J. Clean.
Prod. 152, 223±241.
[17] Van Groenestijn, J.W., Kraakman, N.J.R.
(2005) Recent developments in biological waste
gas purification in Europe. Chem. Eng. J. 113,
85±91.
[18] Akmirza, I., Pascual, C., Carvajal, A., Pérez, R.,
Muñoz, R., Lebrero, R. (2017) Anoxic
biodegradation of BTEX in a biotrickling filter.
Sci. Total Environ. 587±588, 457±465.
[19] Malakar, S., Saha, P. Das, Baskaran, D.,
Rajamanickam, R. (2017) Comparative study of
biofiltration process for treatment of VOCs
emission from petroleum refinery wastewater²
A review. Environ. Technol. Innov. 8, 441±461.
[20] Lebrero, R., Gondim, A.C., Pérez, R., GarcíaEncina, P.A., Muñoz, R. (2014) Comparative
assessment of a biofilter, a biotrickling filter and
a hollow fiber membrane bioreactor for odor
treatment in wastewater treatment plants. Water
Res. 49, 339±350.
[21] Alfonsín, C., Hernández, J., Omil, F., Prado,
Ó.J., Gabriel, D., Feijoo, G., Moreira, M.T.
(2013) Environmental assessment of different
biofilters for the treatment of gaseous streams.
J. Environ. Manage. 129, 463±470.
[22] López, J.C., Merchán, L., Lebrero, R., Muñoz,
R. (2018) Feast-famine biofilter operation for
methane mitigation. J. Clean. Prod. 170, 108±
118.
[23] Yaman, C., Karaca, F., Korkut, E.N., Paul
Martin, J., Çinar, Ö. (2010) Selection of
optimum operational conditions for the
treatment performance of geotextile biofilters
using artificial neural networks. Fresen.
Environ. Bull. 19, 2587±2596
[24] Muñoz, R., Souza, T.S.O., Glittmann, L., Pérez,
R., Quijano, G. (2013) Biological anoxic
treatment of O2-free VOC emissions from the
petrochemical industry: A proof of concept
study. J. Hazard. Mater. 260, 442±450.
[25] Estrada, J.M., Kraakman, N.J.R.B., Muñoz, R.,
Lebrero, R. (2011) A comparative analysis of
odour treatment technologies in wastewater
treatment plants. Environ. Sci. Technol. 45,
1100±1106.
[26] Mudliar, S., Giri, B., Padoley, K., Satpute, D.,
Dixit, R., Bhatt, P., Pandey, R., Juwarkar, A.,
Vaidya, A. (2010) Bioreactors for treatment of
VOCs and odours - A review. J. Environ.
Manage. 91, 1039±1054.

Fresenius Environmental Bulletin

[27] Leonardos, G., Kendall, D., Barnard, N. (1969)
Odor threshold determinations of 53 odorant
chemicals. J. Air Pollut. Control Assoc. 19, 91±
95.
[28] Murnane, S.S., Lehocky, A.H., Owens, P.D.
(2013) Odor Thresholds for Chemicals with
Established Health Standards. Odor Threshold.
Chem. with Establ. Heal. Stand. 182.
[29] Xue, S., Chen, W., Deng, M., Luo, H., Huang,
W., Han, Y., Li, L. (2018) Effects of moisture
content on the performance of a two-stage
thermophilic biofilter and choice of irrigation
rate. Process Saf. Environ. Prot. 113, 164±173.
[30] Yang, L., Kent, A.D., Wang, X., Funk, T.L.,
Gates, R.S., Zhang, Y. (2014) Moisture effects
on gas-phase biofilter ammonia removal
efficiency, nitrous oxide generation, and
microbial communities. J. Hazard. Mater. 271,
292±301.
[31] Jiang, L., Zhu, R., Mao, Y., Chen, J., Zhang, L.
(2015)
Conversion
characteristics
and
production evaluation of styrene/o-Xylene
mixtures removed by DBD pretreatment. Int. J.
Environ. Res. Public Health. 12, 1334±1350.
[32] Yang, C., Qian, H., Li, X., Cheng, Y., He, H.,
Zeng, G., Xi, J. (2018) Simultaneous Removal
of Multicomponent VOCs in Biofilters. Trends
Biotechnol. 36, 673±685.

Received:
Accepted:

25.06.2018
26.07.2018

CORRESPONDING AUTHOR
Ilker Akmirza
Department of Environmental Engineering,
Technical University of Istanbul,
34469 Istanbul ± Turkey
e-mail: akmirzailker@itu.edu.tr
ilker.akmirza@alumnos.uva.es

7107

© by PSP

Volume 27 ± No. 10/2018 pages 7108-7111

Fresenius Environmental Bulletin

DETERMINATION OF SOME MINERAL MATERIAL
CONTENT IN QUINOA GREENS (CHENOPODIUM QUINOA)
AS A VEGETABLE
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colorful due to asset of betacyanins. The plant shows
good vegetate to 1.5 m in height generally with large
number of branches and a big leaf size [6]. Quinoa
can be grown on diverse sort of soils, including marginal soils with a wide pH range [8], [6]. Although,
sowing can be done, mixed, row spacing of 25 or 50
cm is preferable since it allows easy spud put. A
level, well drained seed plod is most proper for quinoa cultivation. Seeds should be sown 1-2 cm deep
in a fine structured, moist seed plod [5]. [6]. Quinoa
responds well to nitrogenous fertilizers, but high levels of available nitrogen are statement to reduce yield
due to slow maturity [9], [6]. As stated, it is very easy
to grow. Vegetables consumed in the leaves are usually grown in spring in our country. Quinoa greens
can be grown easily in hot weather and salty-dry soil.
As a result, quinoa greens can be an alternative to
leafy vegetables consumed in the summer months.

ABSTRACT
The fresh greenery of quinoa is thought to be
used as salad greens in this study. And this study was
conducted in 2017 in spring-summer in order to determine mineral content in as vegetable quinoa
greens (Chenopodium quinoa). In the research, the
data obtained from the plants were evaluated by calculating the minimum, maximum and average values
in order to determine the basic descriptive statistical
characteristics. At the end of the study, the average
nutrient content of quinoa greens is listed as follows.
N: % 5.62, P: % 0.39, K: % 4.74, Ca: % 3.88, Mg:
% 0.14, Fe: 168.32 mgkg-1, Cu: 19.86 mgkg-1, Zn:
34.56 mgkg-1 and Mn: 26.26 mgkg-1. When these results are taken into account quinoa greens can also
be an acceptable substitute and an alternative for
salad greens.

KEYWORDS:
Quinoa greens (Chenopodium quinoa), mineral material
content, functional food.

INTRODUCTION
The genus Chenopodium (belong to family
Chenopodiaceae) contain about 250 species which
enclose herbaceous, suffrutescent and arborescent
perennials, while most species are colonizing annuals. Chenopodium spp. have been cultivated for ages
as a leafy vegetable (Chenopodium album) also a
significant subsidiary grain crop (Chenopodium quinoa and C. album) to human [1], [2], [3]. Recently,
there has been growing relevance a number of countries (especially in Europe), initiating input and
search work on quinoa [4], [5], [6]. Quinoa leaves
can also be eaten in salads and are prominent in regions where vegetables are limited [7]. Although
quinoa based on from the Andean region in South
America, its major genetic variability has allowed
for cultivars to be concerned for growth in a great
deal parts of the world, including drought and high
salinity regions [5]. Quinoa is an annual plant with a
vertical stem, and bears serial leaves that are diverse

FIGURE 1
Post-harvest quinoa greens (original)
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TABLE 1
Some chemical properties of the experiment area soil (0-30 cm)
Soil property
Analysis result
pH
5.05
EC, (%)
0.0054
0.98
Lime (CaCO3), (%)
Organic matter, (%)
1.45
Saturation, (%)
41
16.24
P2O5, (kgda-1)
K2O, (kgda-1)
55.58
Fe, (mgkg-1)
74.15
1.64
Cu, (mgkg-1)
Zn, (mgkg-1)
0.53
Mn, (mgkg-1)
56.88
TABLE 2
Average some climate data during the months of the experiment
Month
April
May
June

Average Temperature (°C)

Minimum Temperature (°C)

11.8
16.8
21.3

8.1
12.7
16.6

Maximum
Temperature
(°C)
15.7
20.6
25.3

Average
Sunny Days
(Hour)
5.4
7.4
9.6

Average Number of Rainy
Days (Days)
9.3
8.2
7.2

Average
Monthly of Total
Rainfall (mm)
40.7
36.9
37.9

and discussions were tried to be explained [11].
According to the Table 1, soil sample has acid
pH value, saltless, low organic matter amount, high
available phosphorus content, adequate exchangeable potassium content, high available Fe and Mn
content and sufficient available Cu and Zn content.

MATERIAL AND METHODS
This study was carried out in Corlu-Tekirdag
(41°11'N, 27°49'E). This study was conducted according to random blocks experimental design with
three repetitions. Quinoa seeds of cv. Mint-2 (My
Kinoa Co.) were sown in April growing period in
soil. Plant materials (leaves of Chenopodium quinoa) were harvested after 60 days of seed sowing.
The date of sowing of quinoa greens is 26 April and
the date of harvest is 26 June. Before the flowering
began, the greens were harvested (Figure 1).
Some chemical properties of the soil samples
which used in this experiment it can be seen in Table
1. The some climate data measured during the growing of the plants it can be seen in Table 2. Neither
fertilization nor pesticide application of any kind
was carried out during the experiment. Pests and disease incidences were not observed and weeding was
carried out when need arose during the growing period. Quinoa greens samples were analyzed total nitrogen content of the samples was determined by the
Kjeldahl method, and P, K, Ca, Mg, S, Fe, Cu, Zn
and Mn contents were determined by ICP Optical
Emission Spectrometry (ICP-OES) (Table 3 and Table 4), [10]. The data obtained from the plants were
evaluated by calculating the minimum, maximum
and average values to determine the basic descriptive
statistical properties and presented with standard values. Accordingly, if the standard deviation is large,
the discriminative characteristic of the test is high,
the group heterogeneity and the difference between
the values are high. If the standard deviation value is
small, the discrimination of the test is low and the
group is homogenous. The difference between the
values is low. Considering this situation, the results

TABLE 3
Detection limits for ICP- OES
Element
Cu
Fe
Mn
Zn

LOD (ȝJNJ-1)

LOQ (ȝJNJ-1)

2.009
1.056
0.5189
1.566

10
10
10
10

TABLE 4
Detection limits for ICP- OES
Element LOD (mg kg-1)
LOQ (mg kg-1)
Ca
2.98
5
Mg
0.166
5
K
2.40
5
P
10.66
10

RESULTS AND DISCUSSION
Table 5 gives general descriptive statistics of
quinoa greens. The minimum and maximum values,
arithmetic mean and standard deviation values for
these tabulated variables are shown.
According to which the average findings were
N: % 5.62, P: % 0.39, K: % 4.74, Ca: % 3.88, Mg:
% 0.14, Fe: 168.32 mgkg-1, Cu: 19.86 mgkg-1, Zn:
34.56 mgkg-1, Mn: 26.26 mgkg-1.
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TABLE 5
Some macro and trace nutrient elements contents of quinoa greens
Standard
Nutrient Element Maximum
Minimum Average
Deviation ı
N
5.83
5.42
5.62
0.20
P
0.56
0.23
0.39
0.16
K
6.61
2.87
4.74
1.87
Ca
5.65
2.11
3.88
1.77
Mg
0.18
0.10
0.14
0.04
Fe
209.93
126.72
168.32
41.60
Cu
21.31
18.41
19.86
1.45
Zn
45.45
23.68
34.56
10.88
Mn
40.24
12.28
26.26
13.98

TABLE 6
Plant nutritional contents of quinoa greens were compared with quinoa seeds and spinach.
Nutrient Element
Quinoa Greens
Quinoa Seed
Spinach
N
5.62
2.05
0.35
P
0.39
0.41
0.033-0.051+
K
4.74
0.73
0.047-0.051+
Macro (%)
Ca
3.88
0.86
0.060-0.093+
Mg
0.14
0.50
0.05
Fe
168.32
150
20-31
Cu
19.86
76
1.8
Trace (mgkg-1)
Zn
34.56
40
6.0
Mn
26.26
35
8.0
+P, K, Ca and Fe are given as intervals.

In the reference [9] the mineral matter content
of the quinoa seeds is as follows P: % 0.47, K: %
0.87, Ca: % 0.19, Mg: % 0.26, Fe: 205 mgkg-1, Cu:
67 mgkg-1, Zn: 50 mgkg-1, Mn: 128 mgkg-1. According to in the reference [12] the mineral matter content of the quinoa seeds is as follows Ca: 0,86 %, P:
0,41 %, K: 0,73 %, Mg: 0,50 %, Fe: 150 mgkg-1, Mn:
35 mgkg-1, Cu: 76 mgkg-1, Zn: 40 mgkg-1. The results
of this study showed that the content of leaf minerals
revealed similarity when compared to the seeds.
Plant nutritional contents of quinoa greens were
compared with quinoa seeds [12], [13] and spinach
[14], [15]. And it is seen that, in terms of nutrient
HOHPHQWV¶ FRQWHQW WKH UHVXOWV DUH FORVH WR DQGRU
equivalent to the quinoa seed and the spinach. According to in the reference [16], quinoa leaves contain wide amount of ash 3.3 %, fibre 1.9 %, nitrate
0.4 %, vitamin E 2.9 mg-TE100-1g and Na: 289
mg100-1g. According to in the reference [17] -as a
cheap source of vitamins and minerals- its leaves are
widely used in human and animal nutrition. According to in the reference [18], on the leaves of the quinoa the nutraceutical potential of Chenopodium quinoa leaves was assessed through analyses of their
phenolic content, elucidation of the effect of leaves
phenolic compounds on cancer cell properties and
estimation of their antioxidative activity, bioaccessibility and bioavailability in vitro. Considerable
amounts of ferulic, sinapinic and gallic acids,
kaempferol, isorhamnetin and rutin were observed in
the chemical leaves extract and were linked with its

inhibitory effect on prostate cancer cell proliferation,
motility and cellular competence for gap junctional
communication. Extracts, chemical and obtained after simulated digestion, exerted an inhibitory effect
on lipoxygenase activity, paralleled by their considerable chelating, antioxidative, and anti-radical and
reducing power. In the reference [19], reported N
content of 6 %, moisture 10-13 % in their 1985 survey. In the reference [2] reported that leaves have
about 82-190 mgkg-1 of carotenoids, 1.2-2.3 mgkg-1
of vitamin C and 27-30 mgkg-1 of proteins. In the
reference [6] revealed moisture 83.92-89.11 %, chlorophyll a 0.48-1.82 mgg-1, chlorophyll b 0.25-0.07
mgg-1 and much higher amount of leaf carotenoid
230.23-669.57 mgkg-1 than that reported earlier in
fresh leaves.
Quinoa can adapt well to unfavorable climate
and soil conditions and can show high tolerance to
frost, drought and soil salinity. Since originated is
quite cold and high plateau. Quinoa leaves are important in areas where the vegetable is less grown.
We believe that our country can be easily grown for
fresh greenery especially in Eastern Anatolia and
Southeastern Anatolia. Consequently, more scientific research is needed in different regions in order
to ensure healthy growth of quinoa greens growing
in our country.
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SOCIOECONOMIC AND ENVIRONMENTAL
SUSTAINABILITY OF GOAT BREEDING IN TAURUS
MOUNTAIN VILLAGES LOCATED IN THE EASTERN
MEDITERRANEAN REGION OF TURKEY: A REVIEW
AFTER TEN YEARS
Muge K Davran*, Burhan Ozalp, Arzu Secer
University of Çukurova Faculty of Agriculture Department of Agricultural Economics, 01330 Adana-Turkey

goat production, including its geographic and ecological conditions, as well as the socio-economic
conditions of her rural communities [6]. In economic, social and ecological terms, goat breeding occupies a prime position in Turkey [4].
The Mediterranean region of Turkey is a
mountainous area and goat production is the primary source of income for the families living in the
villages in this area [7,5]. In addition, small ruminant production is also essential [8]. However, in
the last two decades, goat breeding has become an
industry directly affected by forest protection policies in the form of grazing prohibitions which are
implemented on the grounds that they damage forests. Tolunay and 7UNR÷OX [13] reviewed studies
conducted on goat breeding between 1995 and 2005
and found that such studies mainly argued that goat
breeding contributed to deforestation, thus suggesting that goat grazing in forests should be restricted
or prohibited.
As a result of the escalating debates over their
effect on deforestation, several legislative regulations were enacted to prevent goat entry and grazing
in forests and related fines imposed. In a study by
Elvan [9] on grazing in forests where applicable
forestry laws were reviewed, it revealed that unauthorized grazing was clearly prohibited in the initial
Forestry Law number 3116 and also in subsequent
Forestry Law number 6831, in which certain fines
and imprisonment were stipulated. After the
amendments made on Law number 6831 with Law
number 3493 in 1988, the penalty for unauthorized
grazing was limited to administrative fine. In 2008,
unauthorized grazing in forests was defined as a
³PLVGHPHDQRXU´ ZLWK WKH introduction of Law
number 5728*. (Between 1937 and 2008, 286,021
official reports were issued for unauthorized grazing. Between 1996 and 2008, the average number of
official reports per year was 3,771. In 3,356 official
minutes issued nationwide in 2007, the share of
Adana province was 11% with 369 reports [9].)
Günlü and $ODúahan [4] VWDWHG WKDW WKH ³
$FWLRQ3ODQIRU0LQLPLVLQJWKH'DPDJHVRI*RDWV´
was prepared by the Ministry of Environment and

ABSTRACT
The main objective of this study was to determine the socioeconomic effects of the law enacted
in 2007 until 2011 banning goat grazing in forestland on rural populations in Turkey from 2007 to
2018. In addition, the socioeconomic and environmental sustainability of goat breeding were analysed. This study was based on previous works
conducted in 2007 and 2018 in 6 Taurus Mountain
villages located in the Eastern Mediterranean Region of Turkey. The data obtained from both studies
were compared and analysed. The results of this
review showed that the grazing prohibition of 2007
did not affect environmental sustainability but impaired socioeconomic sustainability in the study
area. It had a more significant negative effect in
2018 than in 2007 on rural families to give up goat
breeding and agriculture in general. However, gender analysis showed no significant difference during
the study period.
KEYWORDS:
Goat Breeding, Environmental Sustainability, Prohibition
of Grazing, Taurus Mountain Villages, Gender.

INTRODUCTION
Small ruminants, especially goats, contribute
to the livelihoods of millions of rural poor in Asia
DQG$IULFDZKHUHRIWKHZRUOG¶VJRDWSRSXOation is concentrated and also the majority of the
ZRUOG¶V SRRU live [1]. Turkey, with its natural and
economic conditions, agricultural structures and
traditions is favourable for extensive sheep and goat
[2]. Goat breeding has been a traditional occupation
in rural areas of Turkey for centuries [3] as an important economic activity for the rural population
and also an important source for meeting the animal
protein needs of poor families [4]. The goat breed
predominantly reared in Turkey is the hair goat
which is bred intensively in forest villages [4,5].
There are many reasons why Turkey is suitable for
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TABLE 1
Number of goats by races
Year
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Goat breed
Ordinary
9,579,256
9,439,600
9,192,000
8,767,000
8,397,000
8,242,000
7,761,000
7,523,000
7,284,000
6,828,000
6,676,000
6,519,332
6,516,088
6,379,900
6,284,498
6,433,744
6,095,292
5,435,393
4,981,299
6,140,627
7,126,862
8,199,184
9,059,259
10,167,125
10,210,338
10,137,534
10,419,027

Angora
1,184,942
1,014,340
941,000
797,000
714,000
709,000
615,000
534,000
490,000
373,000
346,000
260,762
255,587
230,037
232,966
209,550
191,066
158,168
146,986
152,606
151,091
158,102
166,289
177,811
205,828
207,765
215,645

Total
10,764,198
10,453,940
10,133,000
9,564,000
9,111,000
8,951,000
8,376,000
8,057,000
7,774,000
7,201,000
7,022,000
6,780,094
6,771,675
6,609,937
6,517,464
6,643,294
6,286,358
5,593,561
5,128,285
6,293,233
7,277,953
8,357,286
9,225,548
10,344,936
10,416,166
10,345,299
10,634,672

Simple index
100
97.1
94.1
88.9
84.6
83.2
77.8
74.8
72.2
66.9
65.2
63.0
62.9
61.4
60.5
61.7
58.4
52.0
47.6
58.5
67.6
77.6
85.7
96.1
96.8
96.1
98.8

Source: [11]

Forestry in response to the debates over the damages caused by goats on forests and argued that the
VDLGSODQZDVDUHVXOWRIWKHDSSURDFK³FRQVLGHULQJ
goats as the enemies of the forest and requiring the
reduction of their numbers to the point of disapSHDUDQFH´,QDGGLWLRQWKHVDLGSODQZDVVWUXFWXUHG
through a unilateral approach thus it did not ensure
the participation of all stakeholders, especially goat
breeders; considered as the most important stakeholders [4,3]. The action plan was targeted to produce a 50% reduction in the number of hair goats
nationwide. 25 provinces in Aegean and Mediterranean regions, which are central to hair goat breeding, were selected as the areas of implementation of
the plan of which Adana province was also included
[10].
Resulting from all these legislative regulations, significant reductions were recorded in the
number of goats in 2008 and 2009. In response,
thanks to the efforts made by various persons and
bodies including non-governmental organizations,
public institutions, technicians, academicians,
breeders and political parties, the law on goat grazing in forests was abolished by the government in
2011, and the government acknowledged that goats
were not damaging the forests and on the contrary,
planned grazing was favourable [3]. With the abolished grazing prohibition, a significant development
in the total number of goats (Table 1) was observed.
As seen in Table 1, at the end of a regular reduction in the number of goats between 1991 and
2009, the total number hit the lowest level recorded
in the previous 25 years in 2009 and the rate of

reduction was calculated to be 52.4% for the said
period. The effects of the policies implemented and
laws enacted by the governments are clearly reflected by the reported reductions.
While many reasons have been adjudged for
the reduction in the number of goats in Turkey, the
goat-forest relationship is of major significance
among such reasons [10]. Accordingly, Günlü and
$ODúDKDQ[4] highlighted that various factors including inadequate macroeconomic policies, immigration and urbanization had caused a rapid shrinking
of the goat inventory between 1990 and 2007. SimiODUO\ 7UNR÷OX HW al., [3] pointed to the forestry
policies as the most important factor in the nationwide reduction in the number of goats to 5 million
in 2009. Meanwhile, Elvan [9] argued about the
important role of the forestry legislation in the huge
decline observed in goat breeding. On the other
hand, Günlü and $ODúDKDQ [4] suggested that the
debates over the goat-forest relationship and the
damages caused by goats on forests would continue
as a result of increasing levels of environmental
consciousness implying that the action plan prepared by the Ministry of Environment and Forestry
in 2008 was the most concrete evidence of this.
However, from the point of sustainable economic
development and environment, goats are among the
species that require protection in the ecosystem [4].
Darcan and Silanikove [12] found that goat breeding had two positive effects on climate change.
Consequently, goats have a higher capacity than
other farm raised ruminants to effectively convert
some feed sources into milk and meat. In addition,
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Turkey were studied in comparison with results
obtained from a previous study in the same area in
2007 [5], and certain predictions were made for the
years to come.

goats emit less methane than other domestic ruminants. Based on these advantages, goat breeding
will play an important role in mitigating and adapting to climate change (CC) in harsh environments.
The high environmental adaptability potential of
goats makes them advantageous, particularly in
conditions that do not favour the breeding of other
species. In addition, especially in preventing forest
fires that increase in numbers in parallel with climate change, goats appear to be a very valuable
species [10].
Domestic goats are blamed for much of the deforestation in Turkey. There is hardly a single study
on deforestation in the Mediterranean Basin which
does not identify goats as the primary cause. However, over the last few years, it has been revealed
that it is not goats, per se, that are the real culprit of
deforestation in Turkey but the continuous, uncontrolled overgrazing for which humans are responsible. The majority of forest fires in Turkey are
caused by people. People-caused fires account for
98% of all fires [13]. In a study conducted in India
[1], goat production witnessed outstanding growth
over the years despite a negative campaign against
it for its perceived adverse impact on vegetations,
forests and grazing lands.
After the Turkish government abolished the
grazing prohibition, defined planned grazing rules
and developed agricultural incentives for goat
breeding in 2011, the number of goats increased to
10.6 million nationwide in 2017 almost reaching
previous levels in 1991 (Table 1). Finally, goat
breeding is an important source of living and income generation for the population inhabiting
mountainous and forest areas. However, such populations are not considered as the most important
stakeholder in the development of related policies
and regulations. This preference negatively and
directly affects the sustainability of environmentoriented plans and policies in general, and the socioeconomic conditions of the said population in
particular. To such situations which would prevent
environmental and socioeconomic sustainability,
the rural population should be included as active
participants and stakeholders in related processes.
However, in many studies conducted on goat breeding in Turkey [3,4,9,10,13], the rural population
was not directly addressed, even though various
topics including the environment, forests and grazing prohibitions were reviewed in detail and certain
references were made to the importance of the rural
population.
The main objective of this study was to reveal
the socioeconomic effects of the 2007 law prohibited in 2011 preventing goat grazing in forestland on
the rural population between the years 2007 and
2018, and to review the socioeconomic and environmental sustainability of goat breeding. For this
purpose, Taurus Mountain villages engaging in goat
breeding in the Eastern Mediterranean Region of

MATERIALS AND METHODS
This study readdresses the results of Davran et
DO¶V [5] study conducted in 2007 on the socioeconomic and environmental sustainability of goat
breeding in Taurus Mountain villages located in the
Eastern Mediterranean Region with a gender-based
approach, considering the changes and developments that have occurred through the period. The
field study conducted in 2007 investigated the opinions of goat breeders on the forest grazing prohibitions that was implemented and revealed the socioeconomic and environmental sustainability conditions of goat breeding. However, in this study, we
aim to investigate if there has been any change in
the socioeconomic and environmental sustainability
of goat breeding in the same study area, after the
said prohibitions were abolished in 2011.
In order to determine any change in conditions, the study was repeated in the same area taking the research conducted in 2007 as the basis. The
study area was defined in 2007 through discussions
with the District Directorates of the Ministry of
Agriculture and Rural Affairs. based on the direcWRUDWHV¶ VXJJHVWLRQV  GLVWULFWV (Aladag, Feke,
Saimbeyli and Kozan) in Adana province, and 8
villages located in these districts were selected as
centres of intensive goat breeding activities. In
2018, discussions were repeated again with the
district directorates of the Ministry (now named the
Ministry of Food, Agriculture and Livestock) and it
was stated that the same area was still the most
intensive area of the region in terms of goat breeding. As a result of the observations made in the
study area, it was revealed that no significant
change had occurred in the sociodemographic or
cultural structures (gender distribution, occupational structuring, types of agricultural activity, immigration, education, etc.) of the villages; hence, the
study was repeated in the same area.
The major source of data for this study was
primary data obtained from the field research conducted in 2007 [5] and the focus group discussion
in 2018. In 2007, individual face-to-face interviews
were used to elicit data from 52 female and 58 male
participants using frequency and correlation statistics. In this study, since there was no significant
change in the socioeconomic and cultural structures
of the villages, the Rapid Rural Appraisal (RRA)
method was preferred instead of individual interviews and the study was completed with focus
group interviews. According to the FAO [14], there
is no generally accepted definition of RRA. RRA is
more commonly described as a systematic but semi-
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aimed to report any differences between men and
women. The focus group data obtained in this study
were interpreted in comparison with the data of the
study conducted in 2007. The data obtained in the
focus group interviews were analysed by the SPSS
software and frequencies and percentages were
calculated. In addition, cross-tables were generated
for the data related to gender-based topics. Except
for Table 2, the existence of any correlation between two categorical variables in the cross-tables
was tested by the Chi-Square independence test.
The basis of the Chi-Square test is to evaluate the
existence of independence, that is, existence of
correlation between two qualitative (categorical)
variables having two or more options, measured in
the level of classifying or sorting measurements.
For the purposes of the test, a two-sided table (contingency table) that is formed by arranging the
observation results obtained from a sample group
ZLWK D YROXPH RI ³Q´ EDVHG RQ WKH WZR TXDOLWDWLYH
variables was XVHG7KH³5´URZVRIWKHFRQWLQJHncy table were allocated to the categories of one
variable, while the ³&´ FROXPQV were allocated to
the categories of the other variable (R×C). On the
RWKHUKDQG³REVHUYHGIUHTXHQFLHV´ were entered in
the cells located on the intersection points of rows
and columns. Hypotheses were defined as follows
in the Chi-Square independence test [22]:
H0: There is no correlation between the variables.
H1: There is correlation between the variables.
In the chi-square tests performed, the test results were evaluated based on the Chi-Square significance level when the number proportion of cells
with an expected value lower than 5 in the total
number of cells was under 20% in the cross table
(two-sided table) (Tables 3, 5 and 7). However, the
WHVWUHVXOWZDVHYDOXDWHGEDVHGRQWKH)LVKHU¶Vexact
test significance level when the proportion of cells
with an expected value lower than 5 in the total
number of cells was over 20% (Tables 4, 6 and 8).
In the study, the significance level for accepting or
rejecting the null hypothesis H0 was determined as
0.05.

structured activity out in the field by a multidisciplinary team and is designed to obtain new information and to formulate new hypotheses about rural
life. A central characteristic of RRA is that its research teams are multidisciplinary. The authors of
this study are from agricultural enterprises, agricultural policies and rural sociology disciplines. In
addition, livestock branch authorities from the District Directorates of the Ministry of Food, Agriculture and Livestock also took place in the focus
group interviews. Focus group interviews, individual and household interviews and direct observations
are some of the techniques used under RRA [14].
For focus group interviews, one female and one
male group of 6 persons were constituted in each
village. Therefore, 2 focus group interviews were
performed in each village and the total number of
focus groups were 16 (8 female and 8 male groups),
to elicit information from 48 female and male participants, each. Focus group interviews are performed in small groups of participants under the
guidance of one leader, on a topic concerning all
participants in order to obtain their opinions. It is
suggested that such studies should include at least
three focus groups consisting of between six and
twelve participants [15]. From this perspective, the
number of groups constituted in the study area and
the number of participants in each group fulfilled
the criteria defined for focus group interviews.
The questions addressed during the focus
group interviews were in parallel with the content
of the study conducted in 2007. In this regard, questions about the socioeconomic and environmental
sustainability of goat breeding were put to the participants, in addition to demographic questions. As
per VRFLRHFRQRPLFVXVWDLQDELOLW\³UHDVRQVRIIDPilies for breeding goats, their problems in goat
breeding, their continuance of goat breeding activities, their tendencies to make investments in agriculture and goat breeding, the future of goat breeding and the tendencies and reasons of children to
continue goat EUHHGLQJ´ ZHUe reviewed, while the
³VWHSVWDNHQE\WKHparticipants to protect the environment and forests from goat breeding activities
and their opinions about any damage caused by goat
breeding on the environment and forests´ were
addressed from the point of environmental sustainability. With two new questions included in this
study, it was aimed to reveal whether the prohibition implemented in 2007 had any effect on the
families and if the said prohibition met the objective
in terms of protecting the environment and forests.
The attitude scale was used for the evaluation of
these two new questions.
This study, conducted in 2018, also addressed
the issue from the gender perspective, since rural
women play an important role in all stages (milking, processing, grazing, feeding, pen cleaning, etc.)
of goat breeding around the world and in Turkey as
well [16,17,18,5,19,20,21]. Furthermore, the study

RESULTS AND DISCUSSION
Information on the research area. The study
area consists of 8 villages which are in the administrative boundaries of Kozan, Feke, Saimbeyli and
$ODGD÷ GLVWULFW *]SÕQDU dXOOXXúD÷Õ 6SKDQGHUH
&XPKXUOX (\SO 'XUPXúOX &HULtler and Büyük
Sofulu) located in the Eastern Mediterranean Region of Turkey. The average household number was
148 in 2007 and 127 in 2018. Animal and cereal
productions are still the main income source in the
villages. Villages do not have important infrastructure like communication, transportation, education
and electricity, however, lack of irrigation and po-
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insufficient pasture area (28.8%) and feed cost
(19.2%). In 2018, while the same problems persist
(57.1%, 14.3%, and 28.5%, respectively) new problems were also identified by all the farm families.
They were insufficient agricultural organizations,
continued banning of goat breeding in forests and
absence of shepherd.
The study revealed shown that 41.8% of the
families wanted to quit goat production because of
new laws banning goat production in or near forests
(76.7%), old age (21.7%) and low selling-price
(2.2%) in 2007. However, in 2018, the rate of families wanting to quit goat production increased to
74.0% with only 26.0% of families wanting to continue. In 2018, the main reasons of families wanting
to quit goat production were insufficient support
policy related to goat breeding (84.5%), old age
(11.3%) and low selling price (4.2%). For families
wanting to continue goat production, the main argument is that there are no better income sources. In
the gender-based evaluations, no significant difference was found in terms of giving up goat breeding
between women and men both in 2007 and 2018
(S!Į DQGS!Į UHVSHFWLYely].
In 2007, two-thirds of farm-families (57.3%)
wanted to invest in agriculture with enough capital,
while the rest preferred to invest in the non- agricultural sector. Families preferred agriculture to invest
in agriculture, explaining that if they had enough
money, they could spend/reserve an average of 40%
capital for goat rearing. In 2018, this rate decreased
to 13.5% and almost all of the families did not want
to invest in agriculture with enough capital. In the
same way, very few families (5.2%) wanted to
invest in goat rearing. In the gender-based analyses,
a significant difference in terms of willingness to
invest in agriculture was found between women and
men in both studies. Accordingly, the rate at which
men were willing to invest in agriculture was considerably high in both periods (70.0% and more).
The results of the analysis for year 2007 was
(p< Į   ZKLOH WKH UHVXOWV IRU \HDU 
are presented in Table 3.

table drinking water consist the most important
problems in the villages both in 2007 and 2018.
Development cooperation, which is very important
for mountainous areas were not established in the
villages because of uninterested farmers and authorities since 2007. Informal organization of daily
works among women and men e.g. wedding and
funeral ceremonies, preparing food for winter, making bread etc. are still important activities in all the
studied villages. The major responsibilities of
women and men are gender-based and there was no
any change in this since 2007. Accordingly, the
main responsibilities of women are milking, processing the milk to dairy products (cheese, yogurt
etc.), and controlling input-output of production
while men are responsible for marketing the final
milk products and selling goats, mostly in the local
market at the districts. In the last 10 years, an average of 14 families/per village migrated to cities.
The main reasons for this migration were to find
non-agricultural work (50.0%), education of children (25.0%), landlessness (12.5%) and unemployment (12.5%) due to banning goat breeding in forest villages by the Ministry of Agriculture and Rural Affairs.
Information on Household Members. There
was no major change in the socioeconomic indicators of households in the study area between 2007
and 2018 (Table 2). Average age, education and
occupational structuring remained almost similar.
Occupational status of families consists of generally
animal production and the rest of the families are
involved in both animal and plant production.
However, the number of animals per household
declined by nearly 38.5% in the same period. The
average number of goat was 52.5 head per family in
2007; and 32.9 head per family in 2018.
Socio-economic sustainability of goat production. The primary reason for the predominance
of goats among Mediterranean farmers is the suitability of the landscape (93.8%); as it was in 2007
(94.5%). In 2007, the disadvantages of goat production were absence of state support-policies (43.8%),

TABLE 2
Socio-Economic Indicators in the Research Area
Indicators
Education
Illiterate
Literate
Primary School
Secondary School
High School
Total
Average age
Main occupational status of families
Average number of goat per family

2007
Women
N
%

Men
N

%

5
9.6
5
9.6
13
25
13
25
31
59.6
21
40.4
3
5.8
10
19.2
0
0
3
5.8
52
100
52
100
42.5
47.5
81.8% animal production
18.2% animal and plant production
52.5
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2018
Women
N %

Men
N %

5 10.4 3 6.3
14 29.2 12 25
26 54.2 20 41.7
3 6.3
10 20.8
0 0
3 6.3
48 100 48 100
42.9
47
79.1% animal production
20.9% animal and plant production
32.3
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TABLE 3
Relationship between Gender and Willingness to Invest
Gender
Woman
Man
Total

Willingness to Invest
Agriculture
N
%
16
33.3
38
79.2
54
56.3

Non-Agriculture
n
32
10
42

%
66.7
20.8
43.8

Total
n
48
48
96

%
100.0
100.0
100.0

Chi-square tests

Pearson Chi-Square
Continuity Correctionb
Likelihood Ratio
Fisher's Exact Test
Linear-by-Linear Association
N of Valid Cases

Value

df

20.487a
18.667
21.348

1
1
1

Asymp. Sig.
(2-sided)
.000
.000
.000

20.273
96

1

.000

Exact Sig. (2sided)

Exact Sig.
(1-sided)

.000

.000

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 21.00.
b. Computed only for a 2×2 table

TABLE 4
Relationship between Gender and 2SLQLRQVRI)DPLOLHV5HODWHGZLWK7KHLU&KLOGUHQ¶2FFXSDWLRQ
by Gender
Willingness to invest
Agriculture
N
%
Woman
16
33.3
Man
38
79.2
Total
54
56.3
Chi-square tests
Gender

Pearson chi-square
Continuity correctionb
Likelihood ratio
Fisher's exact test
Linear-by-Linear association
No. of valid cases

Non-Agriculture
n
32
10
42

%
66.7
20.8
43.8

Value

df

20.487a
18.667
21.348

1
1
1

Asymp. Sig.
(2-sided)
.000
.000
.000

20.273
96

1

.000

Total
n
48
48
96

%
100.0
100.0
100.0

Exact Sig. (2sided)

Exact Sig.
(1-sided)

.000

.000

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 21.00.
b. Computed only for a 2×2 table.

Most of the families did not consider goat production as a family occupation for the future in the
research area both in 2007 and 2018 (80.0 and
85.4%, respectively). Hence, in 2007, 86.2% of the
families believed that their children should work in
a non-agricultural activity and further their education as much as possible. This value was 90.6% in
2018. In the gender-based analyses, a significant
difference was found in ERWK S!Į  
and 2018 (Table 4).
The results showed that 67.9% of families
were pessimistic about the future of goat production
because of new regulations on the environment and
lack of state support-policies in 2007. In 2018, most
of the families (96.9%) were also pessimistic about
the future of goat production however, the main
reason was insufficient state support policy for cost
of feed and selling price.

the families (88.2%) made efforts to protect the
natural environment during grazing. They did not
permit goats to graze in the forest (87.6%) and they
fenced their gardens (12.4%).Despite the prohibition of the bans in 2011, these efforts continued in
2018 and families fed their goats only with pasture
and concentrates except in two villages. 70-80% of
families in two villages reported that the forest was
their major feed resource.
When we look at the issue from the gender
point of view, there is a significant difference in
favour of men both in 2007 and 2018 (Table 5). All
of the men explained that they were sensitive to the
need to protect nature by controlling goats, while
only 75% of women were sensitive and 25% made
no efforts in 2007. There was significant difference
between women and men in 2007 SĮ  
Very similar result was obtained in 2018. Therefore, gender plays a significant role in protecting
the natural environment.

Environmental sustainability of goat production. According to the 2007 research, most of
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TABLE 5
)DPLOLHV¶(IIRUWVLQ3URWHFWLQJWKH1DWXUDO(QYLURQPent during Grazing by Gender
)DPLOLHV¶HIIRUWV
Yes
N
37
48
85

Gender
Woman
Man
Total

No
N
11
0
11

%
77.1
100.0
85.5

%
22.9
0.0
11.5

Total
N
48
48
96

%
100.0
100.0
100.0

Chi-square tests

Pearson chi-square
Continuity correctionb
Likelihood ratio
Fisher's exact test
Linear-by-Linear association
No. of valid cases

Value

df

12.424a
10.267
16.677

1
1
1

Asymp. Sig.
(2-sided)
.000
.001
.000

12.294
96

1

.000

Exact Sig. (2sided)

Exact Sig.
(1-sided)

.001

.000

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 5.50.
b. Computed only for a 2×2 table

TABLE 6
Opinion of Families Related to the Negative Effect of Goat Grazing on the Environment
Gender
Woman
Man
Total
Chi-square tests

Opinion of families
Yes
N
%
3
6.3
3
6.3
6
6.3

Pearson chi-square
Continuity correctionb
Likelihood ratio
Fisher's exact test
Linear-by-Linear association
No. of valid cases

No
N
45
45
90

%
93.8
93.8
93.8

Value

Df

.000a
.000
.000

1
1
1

Asymp. Sig.
(2-sided)
1.000
1.000
1.000

.000
96

1

1.000

Total
N
48
48
96

%
100.0
100.0
100.0

Exact Sig. (2sided)

Exact Sig.
(1-sided)

1.000

.661

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 3.00.
b. Computed only for a 2×2 table.

The results showed that 47.3% of the families
thought that goat grazing had a negative effect on
the environment and forests, owing to forest degradation in 2007. On the contrary, this rate was only
6.3% in 2018. The families argued that even with
declining goat numbers in their villages over the
last 10 years, there were no important improve-

ments in forests. While the number of families who
thought that goat breeding caused negative effects
on the environment showed a significant decrease
from 2007 to 2018, the results of the gender-based
analyses were in parallel in both studies. There was
no significant difference between men and women
either in 2007 S!Į  RU 7DEOH 

TABLE 7
The Relationship between Gender and the Effects of the Prohibition on Families
Did the Prohibition affect Families?
Yes
N
%
Woman
41
85.4
Man
40
83.3
Total
81
84.4
Chi-square tests
Gender

Pearson chi-square
Continuity correctionb
Likelihood ratio
Fisher's exact test
Linear-by-Linear association
No. of valid cases

No
N
7
8
15

%
14.6
16.7
15.6

Value

df

.079a
.000
.079

1
1
1

Asymp. Sig.
(2-sided)
.779
1.000
.779

.078
96

1

.780

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 7.50.
b. Computed only for a 2×2 table
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Total
N
48
48
96

%
100.0
100.0
100.0

Exact Sig. (2sided)

Exact Sig.
(1-sided)

.1000

.500
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TABLE 8
The Relationship between Gender and the Effectiveness of the Prohibition in achieving the Objectives
Gender
Woman
Man
Total
Chi-square tests

Was the prohibition effective in meeting the objective of protecting the environment and forests?
Yes
No
Total
N
%
N
%
N
%
44
91.7
4
8.3
48
100.0
44
91.7
4
8.3
48
100.0
84
91.7
8
8.3
96
100.0

Pearson chi-square
Continuity correctionb
Likelihood ratio
Fisher's exact test
Linear-by-Linear association
No. of valid cases

Value

df

.000a
.000
.000

1
1
1

Asymp. Sig.
(2-sided)
1.000
1.000
1.000

.000
96

1

1.000

Exact Sig. (2sided)

Exact Sig.
(1-sided)

1.000

.643

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 4.00.
b. Computed only for a 2×2 table

plementation of sheep and goat incentives were
insufficient in solving the problems experienced by
breeders.
In addition, the families in the study area experienced problems because of varying practices
arising from grazing plans and insufficient pasture
areas. Thus, in spite of the current agricultural incentives, high feed costs and low revenues did not
enable families increase the number of animals,
thus resulting in almost giving up goat breeding. In
a 2015 workshop on SWOT analysis of sheep and
goat production [24], the goat breeding industry
was reported to be highly risk prone due to grazing
problems in forests and Maquis shrublands and
insufficient grazing plans. In addition, variations
faced in certain practices and the interpretations of
legislations were also identified as important challenges with regards to providing feed for goats.
This study shows that families in the study area were considerably unwilling to invest in agriculture and did not prefer their children to remain in
the agricultural industry. On the other hand, even
when the families wanted their children to continue
agricultural activities, the young rural population
gradually presents increasing tendency to give up
farming. Producers seemed to get to the point of
giving up farming due to the socioeconomic problems experienced in the Turkish agricultural industry. In recent years, the implementation of negative
agricultural policies and various other factors, have
considerably affected the young generations [25]. In
a study conducted by %ÕoNÕ in the villages of Çanakkale provinces [26] , 71.4% of the population
aged between 15 and 34 years was considering
immigration to cities.
In the same vein, the average age of Turkish
farmers rose from 51.2 [27] to 54 years [28]. This
revealed the fact that the young population is giving
up all types of agricultural and related activities
which are therefore, mainly performed by middleaged or older people. Thus, the insufficiency of
incentives for the industry, unwillingness of both

With the inclusion of two new questions, this
study aimed to reveal whether the prohibition implemented in 2007 had any effect on families and
achieved its objective. Hence, 84.4% of families
declared that the prohibition affected them and
caused a decline in the number of goats (Table 7).
However, 91.7% of families stated that the prohibition did not achieve its objective in terms environmental and forest protection but remained on paper,
and that goat breeding did not cause forest damage
(Table 8). There was no significant correlation
between gender and the effects of the prohibition on
families and its ability to achieve the objective of
environmental and forest protection, indicating that
both variables did not show a gender-based difference.

DISCUSSION
It can be said that the grazing prohibition implemented in the study area affected the socioeconomic conditions of the population. During the
years of prohibition, the total number of goats in
Turkey declined by half and was also the case in the
study area. On the other hand, in spite of the abolishment of the prohibition and the implementation
of government policies/incentives towards the development of goat breeding, the nationwide figures
were similar to those of the 1990s. However, in the
study area, despite the abolishment of the prohibition, the number of animals per household decreased to 32.3 at a rate of 38.5% after 2007, which
was highly important from the point of socioeconomic sustainability. In 2007 and 2018, the families
stated that the only reason why they wanted to give
up goat breeding and did not prefer to increase the
number of animals was the ineffective incentive
policies of the government and related income inadequacy. Accordingly, in the activity reports published by the Ministry of Food, Agriculture and
Livestock [23], it was acknowledged that the im-
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tion and caused families to give up goat breeding to
a considerable extent. In other words, families had
to stop goat breeding, which had generated revenue
for them over the years. In consideration of the
population increase and the animal protein deficit in
diets, it is necessary to formulate more serious policy measures in the area of goat breeding and implement social policies that would encourage women and the young population, in particular, to stay in
the villages and continue agricultural activities.

families and their children and inappropriate policies towards the protection of the environment/forests may result in a lack of development in
this field of production.
It can be inferred that the grazing prohibition
implemented for goats did not result in any positive
or negative effect in the study area in terms of environmental sustainability. In other words, no study
has revealed a significant level of damage or recovery in forests located in the study area. However,
the biggest factor damaging forests is fires [4].
Accordingly, the 2007 prohibition did not achieve
its objective in terms of environmental and forest
protection but rather, caused a reduction in the
number of animals. This assertion was supported by
the fact that the prohibition had to be abolished
afterwards.
The analyses showed that while women were
particularly willing to invest in non-agricultural
activities (Table 3) and encourage their children to
work in other industries (Table 4), no gender-based
difference was present in other issues. This could be
explained thus: Firstly, the gradual loss of reputation by farming in the country, increasing level of
poverty among small-size producers in particular
and inability to receive fair compensation for effort
made have caused frustrations among farmers.
Secondly, the women play a two-sided role in rural
life; taking part in agricultural production and assuming the responsibility of housework and childcare, which in effect means lack of any improvement in their level of wealth in spite of the high
workload. These conditions have caused women to
develop a will to break the connection with rural
life for both themselves and their children. On the
other hand, much higher willingness of the men to
invest in agriculture (if possible) when compared to
women (Table 3) could be explained by their position as the direct decision makers in agricultural
production, stronger emotional ties with farming
and a belief that the insufficient revenue levels is
not their responsibility, but rather arises from the
lack of adequate means.
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generalist parasitoids quickly adapted to the new
host, their influence on pest population levels is not
significant [3, 4].
Many authors have studied the fauna, and the
influence of parasitoids on the population density of
C. ohridella so far [3-14]. We conducted a type of
such research during the 2017. The aim of our study
was to simultaneously determine the parasitism
rates of C. ohridella pupae in Istanbul and in Belgrade. Results obtained during the research are
presented in this publication.

ABSTRACT
The aim of our study was to simultaneously
determine the parasitism rates of C. ohridella pupae
in Istanbul and in Belgrade. Collection of the pupae
in Istanbul was carried out on three occasions, 12th
of June, 3rd of July, and 1st of August, respectively, corresponding with the three generations of the
leafminer per year. In Belgrade, samples were collected only during the spring generation of the
leafminer, in the period from 7th to 11th of June,
2017. Severe drought stress of horse chestnut trees
impaired development of the 2nd and the 3rd
leafminer generation and made it impossible to
collect reasonable numbers of Cameraria pupae
after the first collection date. At each collection
date, 150 pupae per location were taken and treated
as independent factors and their influence on the
parasitism rates of the C. ohridella pupae was examined using the two-way ANOVA. The parasitism
rates of the C. ohridella pupae in Istanbul ranged
from 16 to 28% at the 1st collection date, from 18
to 20% in the 2nd collection date, and from 4 to 8%
in the 3rd collection date. Parasitism rates in C.
ohridella pupae collected in Belgrade ranged from
0 to 12%. The majority of them (80%), however,
were parasitized to a low level of 0 to 4%, only.

MATERIALS AND METHODS
C. ohridella parasitism was assessed at one locality in Istanbul (Belgrade forest 41°24'84''N,
28°71'40''E) and five localities in Belgrade (Banjica
44°45'N, 20°28'E; Banovo hill 44°47'N, 20°25'E,
Hyde park 44°47'N, 20°26'E; Friendship park
44°49'N, 20°25'E; Zemun 44°50'N, 20°25'E). At
each location, three trees of A. hippocastanum were
randomly chosen. Leaves attacked by C. ohridella
were randomly chosen and taken from the lower
branches (h < 2 m above ground) in the periods of
occurrence of pupae. The leaves were brought to
the laboratory, where the pupae were taken out of
randomly chosen mines. They were then placed in
petri dishes (each pupa in a separate dish) which
were kept in room conditions (21 °C and 60% humidity) until the emergence of adults of C. ohridella or adult parasitoids. After eclosion, adults were
counted and parasitoids identified by means of
morphological characters.
Collection of the pupae in Istanbul was carried
out on three occasions, 12th of June, 3rd of July,
and 1st of August, respectively, corresponding with
the three generations of the leafminer per year. In
Belgrade, samples were collected only during the
spring generation of the leafminer, in the period
from 7th to 11th of June, 2017. Severe drought
stress of horse chestnut trees impaired development

KEYWORDS:
Turkey, parasitism rate, Lepidoptera, leaf miner, biological control

INTRODUCTION
Cameraria ohridella 'HVFKNDDQG'LPLüLVDQ
invasive leaf miner that develops on the leaves of
Aesculus hippocastanum Linnaeus. It was first
discovered in Macedonia in 1985 [1]. From there it
spread to other parts of Europe, where it became a
significant pest in the 90s [2]. Although numerous
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generation pupae of C. ohridella in these two cities
in 2017. The pupal parasitism rates were much
higher in Istanbul. However, those parasitism rates
recorded in Istanbul dropped during the summer,
and in the autumn they were approximately the
same as those recorded in the first generation in
Belgrade. Are those high rates of parasitism of the
first generation pupae of C. ohridella in Istanbul a
regular occurrence or do they only occur locally
occasionally (the research in Istanbul was performed only at one site) it is impossible to say
based on the results of this research. That conclusion can be made only on the basis of the results of
long term monitoring of C. ohridella pupa parasitism in the whole Istanbul region. If such observations show that these high rates of parasitism of the
first-generation pupae of C. ohridella are not a
regular phenomenon, it is good to know that they
sometimes occur locally in Istanbul.
As already mentioned in the introduction,
generally speaking, parasitism rates of C. ohridella
are usually not high (< 10%). According to Grabenweger et al. [4] such low rates of parasitism are
a consequence of poor synchronization in the appearance of C. ohridella and its parasitoids. The
phenomenon that parasitoids can locally have a
great impact on the number of its hosts is not new.

of the 2nd and the 3rd leafminer generation and
made it impossible to collect reasonable numbers of
Cameraria pupae after the first collection date. At
each collection date, 150 pupae per location were
taken (50 each in three replicates). Their parasitism
rate was calculated by the formula.

np ± number of parasitized pupae
N ± total number of pupae per replicate
The tree species, the leafminer generation and
the sampling locality were treated as independent
factors and their influence on the parasitism rates of
the C. ohridella pupae was examined using the twoway ANOVA.

RESULTS AND DISCUSSION
The parasitism rates of the C. ohridella pupae
in Istanbul ranged from 16 to 28% at the 1st collection date, from 18 to 20% in the 2nd collection date,
and from 4 to 8% in the 3rd collection date. There
were no statistically significant differences in the
number of parasitized pupae among the samples
within the series (F2,2= 0.73, P = 0.54). Statistically significant differences in the number of parasitized pupae were only noted between the individual
series (F2,2 = 14.44 P = 0.01).
Parasitism rates in C. ohridella pupae collected in Belgrade ranged from 0 to 12%. The majority
of them (80%), however, were parasitized to a low
level of 0 to 4%, only. The tree species had no
significant influence on parasitism rates (F3,2 =
0.34, P = 0.72), while there were significant differences in parasitism of pupae from different localities (F3,2 = 6.95 P = 0.02).
Three species of parasitoids from the family
Eulophidae (Hymenoptera, Chalcidoidea) were
identified from the material obtained in Belgrade:
Baryscapus nigroviolaceus (Nees, 1834), Closterocerus trifasciatus Westwood, 1833 and Pediobius
saulius (Walker, 1839). All of them are already
known parasitoids of C. ohridella [15]. The most
abundant species was P. saulius with a share of 21
out of a total number of 35 parasitoid adults collected. In a previous study from Serbia [6], P.
saulius was also one of the dominant species. Four
species of them from same family were identified
from data in Istanbul: Pnigalio mediterraneus (Ferriére and Delucchi, 1957), Minotetrastichus
frontalis (Nees, 1834), C. trifasciatus and P.
saulius. There is not a difference in the composition
of the parasitoid species when compared to this
study in 2011 [12]. The most abundant species were
P. saulius and M. frontalis, respectively 29 and 27.
By comparing the results obtained in Istanbul
and in Belgrade, we can easily notice the significant
differences between the parasitism rates of the first

CONCLUSIONS
Results presented in this paper are preliminary. There is a possibility that they will be corrected by future research. We presented them in this
paper to show the parasitism rates that we recorded,
and to point out the differences in parasitism rates
noticed in 2017.
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X-ray fluorescence spectrometry
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yeast fermentation
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